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THE LEVEL STUCTIRE OF 753
Bald#v Sahal and B, Lal
Tata Institute of Fundazental Research, Boabay-S.

I, JNTRODUGTION

;fs::u 18 an odd A.odd N Lsotope expacted to have & uplx; of2*
for the ground state according to the single particle shell model. It
has, howsver, an lmanalcusl) opin 5/2°; maguetic dipole moment
/u = 0,% nz and the quadrupole movent 4 = 1.1 # 0.2, Theeo facts
wuggeat that the study of Iov lying states in this nucleus should be
interesting,

This nucleus has been studled in the past by two methodas
4s{p, n) rcnctlon2’5'4) and B dec&vs’e). Howovor, o detalled vork
on the decay schemo hag besn done by studying ganae rays following the
4s(p, n) reaction wherein many more levels can be oxcitod than 1n the
beta decay of "58r. The present work was undertaken to make a detailed

study of tho lewel structuro of 7536,

11, EXPERIMSNTAL PROCEJURE

75‘n(p, nY)7SSa roaction hag boen studled with the 5.5 MeV
Van ds Craaff at the Ehgbha Atomic Rescarch Centre, Trombar. 75‘5
targots veed were 4n two formai firatly pellets mado by preasing
spec-pure arsonic powder obtalned from Analytical Chealstry Division,
B.,AR,C,, Trembay; secondly thin targsts doposited on thin carbon
films, Forner typs 1s ™nfinitely™ thick for the bonbarding energles
uged vhereas the latter had e thickness ~ 100 /ug/caz. Q valune of
the roaction lesding to tho ground gtate 1a - 1,647 HaV, He rocorded
the gama spocira at progresslvely incroaeing bosbarding emergies
starting ab B, = 1.5 to B, = 5,75 MoV to £ind out tne threshold for
production of the varlous gams rays. Thess spoctra in the sarlier



0.

stages wero recorded with a 30 c,o. Go(LL) detector and a 400-chamnal
T.M.C. analysor uaing pollet type targats, Fig.1 dhows such a
apoctrum taken at Ep = 2,65 MoV and covering the energy range upto ~v
520 keV., The linep marked As are the lines srising fz;om Coulomb
excltation in As or frow As(p, p') reaction. Fig.2 shows a gamma
spectrun taken at E; = 3.25 MoV and covering the higher energy range
uplo ~ 1500 keV, 1In the latter stagas of the experinent a 4096
channel Nuclear Date analyser becama awilable and gome gamma-ray
spectra were recorded at certain selectsd bombarding energles uging
thin targestes, Thus the energlse of the gamma ray could bs more
accurately determined. The redolution for 1332 keV gamma ray from
80co wap 5.5 keV fwham.

In addition, we have carried out gamma-gamma colneidence
meagursments at By = 3.0 and 3.5 MeV, Gating gamma rays were detected
in NaI(T1) crystals of 1/2" and 1" thiclmoss, whereas the gated speatrp
wore recorded with the 30 o.c. Go(ll) detector, A conventional fagt-
plow get-up having a time resolution 2 U= 80 n.s. was used in the
experiment, The gating gamma rays were the 112, 141.5, 286.5 and
(494 + 511 + 516) keV gamma rays.

Recently, we havo also carried out some converaion coefficlent

7)

measurcments by & six gap spoctrometer’’ using the same (p, n)

rbaction.

III, RESULTR

Based on the coincldence measuremsnts as well as the emitationh
functions of various gamms-rays, a decay scheme has been propowed in
Plg.5. Mamy of the levels propoged agreo with those in ref.5) and 4)

obgerved by noutron time of flight technique., However, more acourate
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ensrgy ostinates are pogsible in the presont exporiment becsiss of
ths us of Go(LL) detoctor. The branchiny ratio have boea worked oub
for thoso Jevels vhich decay through gar=a rays of uniqus emsrglop
1.6, no cosparable gaaza roy exists which can be agaigned Lo soze

othsr levols, Theso are suamarized in Table 4.

TARY,
BRANCHING RATIOS
Lovel Y -rays arising frow the leml and £ tranching
ratlos in brackels,
112 112 {100}
206,98 286.5 (100)
428 141,5 (54), 428 (48)
579 292.5 (100)
586 £99.5 (60), 586 {40)
e13 811 (100) R
628 516 (85), 628 (15)
684 377,58 (90), 238 (10)
o 461,5 (18), 520 (82)
778 491 (41), 550 (58)
952 952 (100}
1020 753 (100)
1051 1051 (100)
1199 912 (100)
1301 873 (78), 1301 (28)
1378 1578 (100)
1438 1438 (100)

Uso 1450 (100)
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In eddition, llovels at 789, 840, 859, 897, 983, 1004, 1149, 1168,
1245, 1257 docay through ganma rays which eannot lge uniquely assigned.

Bassd on the preliminury conversion coofficient measurements,,
the sping of 112 and 286.5-keV lovols appoar to be 7/2* and"3/2" as
the transitions aro found to bs M1 and El respectivoly and the fact
that 288.5 koV level decays directly to the ground stats supports
this appignnont,
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DISCUSSION

V. Lakshmingrayanat Bince (P.<) is a positive

value reaction, did you separate out (P,o(f) from your

(b,'n'r),

B. Lal: Yes, it is very easy to separate then out as
the Y -rays due to (P,xr) and (p,nvy) would be dis-
tinctly zeen in the spectrum, However the cross-section
for (p,xv) 18 very low compared to that of (p,nv}

reaction.

§. Ramamurtys Is the nucleus 75Se expected to verify

some model?

B, lalt I would be interested to apply some model for

this nucleus after the spins of eome of the low lying

75

levels in the 'YSe are confirmed.
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LOW LYING LEVELS OF Slor anp S9yy
o Lal and Baldov Sahai

Tata In:tlmtc of Fmdazentsl Research, Boabay-§,
1. DHIBODICTICN
In continuation of our studlu") of (p, nY') resctions to
maazure the spins of the lov Iying levels in the Tesidual miclai, we
have gtudied the anguler distribution of geoms rays from 51y (p, at)lee
and 5%o(p, nY %84 reactions.

Though the spins in 3lgr mudleus for the levels «t 743, 772,

1350 are astabuahnde) to be 3/27, 1/27 amd 5/27, the spin sssignaents
of ths lsvels at 1165, 1479 end 1557 havs been rather doubtful. The
lavels at 1185 and 1473 have been clearly peen in stripping reaction
5% (%, a)%iar 1y Dorenbusch® ot al. Since the ground state sptn
of 5% 1a 6% the spins of the levels excited in this rescticn ere
expected to be high, Recently the MW(p, n¥ )*lor studies perforssq
W Tapdl” ot al, hawo shown the epina of 1155, 1479 and 1557 to be
9/2°, 11/2" and 7/2" respectively.

The 59)!1 pucleus has boen investigated in the past by stripping
and pltk-llps) reactions and also by {of, n¥ ) and (p, nY ) reactions
1 Brstets) ot a1

Ve present here owr results on angular distribution of ground
atate transitions from 749, 1165, 1350, 1475 and 1557 ksV lovels in
Sicr and 539, 465 and 879 keV lewls in “Ni, The resalts bav been
ocozpared vith the statistical modsl esleulations,

11, EXPRDENTAL PROCEORE

Tarpets were prepared by evaporating spectroscopleally pare
vanadiim and eobslt motals on gold backing, The thicimess of the
target obtatned was roughly 800 /ugu/snz which 13 about 50 keV thick
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for 5.5 MoV proton, A2 o,c. Gs(I4) dotsctor used for dotaction of
ganaa-rays vas countod on a rovable arm go that it could be roved on
a circle around the targot houged in an alunini'um tubs, A g% x 3¢
HeI(T1) dotoctor kept at 90° on the other eide of the bean vag uesod
ap & ronitor. The anisotropy regulting from the abgorption of gamme..
roye in the torget backing and the terget tube and also dus to mon-
centoring of tha target was corrected ty obbtaining the angular
d}atribution of ganza.rays of compercblo emergies froz radiosctive

igotopos under axperimontal conditions,

III. RESULTS

Anguler distributions obtained wore fitted to even order Legendre
Polynonisl expansion

H(Q) = 1 + 8, Pz(cos g) + e, P4(coa 8)

Ths remults obtainad wore compared with the theoretical caleule~
tions for the anguler distribution of gemoa-rays baged on the
expression glven by Sheldon and van Pattar7). The computer code
5005LY? was uged for this purpors. In the calcalations the slastis,
inelastic ard (p, n) channels were considered for the decay of the
conpound nucleus and { valuep upto § were teken into conalderation
for protons and noutrons. The trenealsgsion co2fflclents for protons
and neutronas were obtained from the coaputer code "ABADUS“B). The
rosults are shown in Fig.i and 2. Tho shaded rectangle shows the
oxporimental value along with its error and the curveg are theoreticel
values calculated for different values of the multipole mixing ratio
varying from -o0 to +cO . Each curve corresponds to a differend

value of spin assumed for tho level vhose decay is being considered,
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experimental data: (ag = a,/a,). Bhadcd srea shovs tho exporimental

volue along with itm error,
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DISCUSSION

P.P. Konet How do you know that the lowest trensition
is M1 And not EZ2 4 M197

B. Ial: This 10 a tentative assignment,

K.G, Presads From the Multipolarity Ml oy 112 keV

transition, How do you fine the spin of 112 keV lsvel
to ve 7/2%7 It could be 3/2+ or 5/2% alro. Similarly
1t could be 5/2° and 7/27 in cese of second excited

state.

B. Lalt 5/27 and 7/2  aspignments for second excited
state viz 287 keV are ruled out from the log.ft values
fof this level from the decay of 753r, thus only 3/2°
48 +he 1ikely aseignment. The cascade transition from
287 keV to 112 keV does not exist hence the spin values
for 112 keV, 3/2% or 5/2% could not be possible while
on the other hand 7/2% for 112 keV fulfils both the
conditions of M1 transition as well as the 287 keV

(3/27)—> 112 keV (7/2%) veing forbidden.
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Of THE APPEARANCE OF FLATEAU IN THE NEUTRON TOTAL CRCSS SECTION

AN, Saharia and I. Ahmad
Dept. of Physice, Aligarh Muslim University, -Aligsrh (U.P.)

I. INTRODUCTION

It is quite well known that if the neutron total cross sec=-
tion is plotted re a function of A’ 3(depemﬂ.ng on energy) there
are certain regione over which the total cross section is essenti~
2lly constant. Enmerichl by numerically integrating the Schrodin-~
ger equation, showed that the appearance of such plateau in the
total oross seotion is well described by the nuclear optical model,
However, s qualitative study of the plateau ae regards to its nat-
ure and its dependence on the incldent neutron erergy and the tar-
get mags number {8 lacking. In the present note we show that the
nodified Glanber high energy ecattering theory provides a quali-
tatively good description of the appearance of the plateau and use
it to obtain an equation of the loci in the &'E plane.

11, THECRETICAL CONSIDERATICHS

In the Glauber high energy approximation the total oross-—
saotion 1s given byz)

o = 2f(1-Reexp(ixE))db @
where b 1s the impact parameter anaX(P)io the phase shift function.
S i
x(E)=_§ll_r—! V(b+E)dE (2)

with V as the interaction potential. Egs. {1) and {2) give & good
account of total cross section provided JE/¥)5>1, though the appr~
oximation is found to be valid at energles smaller then that given
by this condition, &

Francel) finds that if instead of using expression {2) for
the phase shift functicaX(B), one uses

X(bY~ [(K(B.2)=R)dE » o)
where K(Ex) = J(2(e-V(E%) ()

the pituation regarding the applicability of the Glamber theory
to the relatively low energies improves, He uses this nodified
form ofx(g) to have a qualitative description of the appearante of
of the glant resenances in the nmeutron total orosa section with

reasonadle sucoess, ;/
#



Since our main aim in the present paper is to seé Now far
the high energy approximation ig able to descri‘be the main feat-
ures of the neu'bron total oross section g~ as & funo‘cion of Ay3

we also use egs.(3) and (1) according to whidh
0 =27R +...E[I COS2«R. ~ ~ 2R Sim2R] (5)

for a real square well potential, where & =K~k and R is the

nuclear radius ang

(X=p2) e"""’ 2
= NACICOSIA+2 AMSI2A
T e e e a2

+2A5m2,\-2}t-6032/\}]

(6)

for a complex square well potential with (A+ iH—)a(K-k)R .
Differentiating eq. (5) with respect to R we obtain

o -
ST = 47TR- 4RCos2AR (1)
which gives .g.g =0 at .
K= mA/g y M=1,2,3... (8)
Further differentiation shows that at R = MM/ .
2
b%’?" =0 and 3%23 = mAe which shows

that eg. (8) does not give an extremum point, rather a point of
inflection. As discussed in next section, eq. (8) does actually
describes the occurence of the plateau in (¢~ when plotted as &

V3

function of A .

III. RESULTS AND DISCUSSION

In fig.1, the neutron total cross section given by eg. (6)
is plotied as a function of A 3 with real and imaginary vell
depths (in MeV) as 46~ .25 B and 0.125 E - ,0004 E respectively
( as used by Fiedelday? ) and R = 1.38 23¢n. 1% is seen that
eg. (6) satisfactorily desoribes the qualitative features of the
neutron total cross section even at an energy as low as 4.1 MeV.
In particular the appesrance of the plateau in the experimental
data is well reproduced. The positions of the plateau predicted
by eq. (8) being in good agreement with the ones observed expe-

rimentally. The loci of the plateau in A 3. E plane are given in i

fig.2, the plateau \t;hif'hing to higher mass numbers with increasing
energies. It is interesting to note that at very high energies
(>175 MeV ) no plateau should be observed. This seems to be
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oconfirmed by the high enerpy nosttering data,
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DISCUSS10M

A.S. Divatias Have you investigated the sonsitivity

of these resulte to the potential parameters?

A.l. Sahariagt Mo. VWe have used only one value,

B.K. Jains \then one says that the Glauber theory is
valld even at low energy, I don't think one means energ

ia like 10 ~ 20 MeV where you have applied it.

A. Sahnriat Ve are interecsted only in the qualitativ

vehaviour of the total cross section when plotfed as a
function of Ays. Ao can be seen from the Fig.l.

Glauber theory, with a modified form of the phase shif#
fundétion does reproduce tne qualitative aspects of the

cross sections at these energies,

K. Srinivasa Raot How is Glauber thecory which is valid

for hiph energies applicable to such low energles as

~ 5 MeV? what is the validity?

A.N. Saharia: As has been discussed in ref.3, high

energy approximation can be used at relatively low

energies 1f'one useg Bq.(3) for the phase shift func-—
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NEW ISOMERIC CROSS SECTION RATIOS IN NEUTRON CAPTURE
REACTIONS

As Lakshmana Rao, K. Parthassradhi and J. Rama Rao
The Laboratories for Nuclear Research
Andhra University, Waltair, India,

1. Introduction

Studiss on the isomer ratios In nuclear re.ctlons
have gained importance in recent years because of the
valuable information they provide on the spin dependence
of the nuclear level density, A survey of literature
on neutrop induced reaction shows that the work done at
intermediate enenegies is comparitively less than at
thermal or high energles. Hence a systemstic study of
the isomer ratios in neutron capture reactions at 24 keV
has been taken ups The present paper reports some new
experimental isomer ratios for {n,gamma) reactions at
this energy leading to the lsomerle pairs Ge-79m,g;
Rb-86m.g; Pd-11lm,g: Cd-117mg: $b-122m,q: Eu-152m ,m,
and Pt-197m,g. The spin cut off factors sre extracted
for these cases wsing the Hulremgs and Vendenboseh
fcmalisr‘.""a)snd are compared with the predictinns“'s)
of the shifted Fermigas, Independent palring and Super
conductor models,

11, Experimental Details

An Sb-Be neutron source of strength 20C obtained
from BARC Bombay was used to glve neutrons of 25 £ 5 keV
energy. Targets used were n.tural samples obtained in
metalic powder or oxide form, These tardets were put

in thin perspex cylindricsl tubes and were irradlated
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#t @ height of 10 ft from the ground by remote contro]
2Irangement developed for the PUrpose, The activity
produced was messured by absolute gamma counting technique
using a colibrated 7F8 Harshsw crystal scintillation
spectrometer and a 100 channel analyser, Symultaneousfﬁﬁ‘
the recording of gamma ray spectra,the half-live of the
activity is also followed in 2 wide window single channel
enalyser-scsler-timer unit, This ensbles a unique iden~
tification of the reaction product. The neutron flux was
determined by the secondary standsrd reaction 127I(n,‘()uBI
and the cross sections reported are relative to Iodine
cross section which%taken to be 832 + 26 mb, The spectiro-
scoplc data used in the calculations was taken largely
from Nuclear Data Sheets and from other recent work in
some cases, Tha cross sections for resctions leading to

the isomer and ground ststes along with the isomer ratios

(R) (R is defined in this paper as the ratio of the cross
saction for the high spin state to the total cross section)

are given in Table 1,

III., Theoretical Analysis
In extracting the spin cut off factors using HV for-
The

1ism the other parameters are fixed as follows.

level density parameter 'a' was calculated using the
6
expression given by Abdelmalek and Stavinsky( )

a = ( 0.095 + 0.007 ) 2?3 F,+3, t Y

whare 3; and‘jh sre the average number of single particle
jevels for protons and neutrons respectively, The pairing

energy values are taken from the smoothed out curves of
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Eeble.1

No, Resction “high Spin®Low Spt =i
s.tie ¢ SRSt G

1. TGe(ny)™®™8ce 24,832 64815 0.2840.031

2, ®pp(n,7)%™ % 3s,142,8 334.5:28  0.130.011
3, MOpa(n£)1™py  7,640.6 120811 0,0650,007
4. Mbca(n,7)M17™%q  18,241,5  614284.8  0.2320,025
5. 12gp(n,7)122M05,  1,840.15 1062182  0.00240,0003
6. 3%sntn,7)12™95n . 69456 42,133 0,6240,07

70 1leu(n, V)152™0MEy 32,742,6  63864510 0.005:0.0006
B 1%pg(n,y)19™ 9t 12,631  42,2:3.3  0,2330.025

Table-11

Target Isotope oy, Ts.rM. ek TSicam
T4Ge, 2,210,2 4.0 2.9 2.3
Tceys 210, . R .
S5y, 2,410,1 4.7 3.3 3.9
EoRbyq 1430, . . .
11%dg, s.241 409 3.4 3.7
116,
pLs I 4,921 4.8 1a LY
2shg 1.920.02 5.7 1,9 5.0
12
2hsny, >8 5.1 3.6 a8
123eugg 2.040,03 6.2 a1 a9

196
6Pt 1a 6,541 7.2 4,9 5.2
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Nemirovisky and Ad:mchuk(7l In Lhe treatément of the gamma
cascade pure dipole emission was considered., The average
number of gamma rays was calculated following Huizenga's
treatment(s). The computations are ca;ried out using the
CDC 3600 computer at TIFR. The experimental values of

the spin cutt off factor, G, are compared with the
predictions of the shifted Fermiwgas model ( S.F.M.),
Independent pairing model (I.P.M.) and Super conductor
model (S.,C.M.) in Table 1I,

IV. Discussion ‘

It may be noted from Table 2 that all the.target
nuclei investigated hsve an even neutron number. In
targets where the proton number is also even,tﬁe capture
of a neutron leads to an odd mass compound nucleus and
for such cases there 3s good agreement between experi-
mental and shifted Fermi-gas spin cut off factorse In
the odd Z targets where the netutron capture leads to an
odd compound nucleus it is Qbserved that the experimental
spin cut off factors agree better with the independent
pairing modél. The latter model is on improvement over
the Fermi-gas model, by Ericson(a) and Lang and
Lecouéhr (9) taking into sccount the residual forces
by simple form of pairing interaction. The spin cut off
factors for these nuclei lead to reducedmoments of
{nertia compared to rigid body value,thereby indicating

the relative importance of ‘residual interactions in

odd-odd nuclei.
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P-WAVE STRENGTH FIP CTIONS IM THE MASS HEGION 1404 A < 160.
B.V. Thirumsla Rio, J, Rams Rao and E. Kondshh'

Laborateries for Nuclesr Research, Andhra University,
Waltair.

1. INTRODUCTION

It 1s well known that the simple optlcal model of
Feshbach, Porter and Weisskepf“' could not explain the
splittingsof 2 p end 4 s gtant resonances observed experi-
mentally. Since 4 s resgnance falls in the deformed
region, Chase, Wilets and Edmonds"’"3 have explained the
splitting in terms of strong, permanent deformations of
the rare earth nuclei in this region. The splitting of
the 3 p resonance near A v~ 100 was attr!buted:gpln-orblt
interaction by Krueger and Murgoué who have shown that
the resonance can be gplit by this mechanism for two to
three times the normally accepted vslue. However, Buck
and Pery5 working on the ides of dynamical deforrabilities
for the nuclel in thls region could reproduce the p-wave
splitting on the pure quadrupole vibration model. Fledel-
dey and Fnhr\6 using a complex potential which is contia
nuous and analytic with surface peaked sbsorption, have
obtsined closed expressions for s- snd p- wave strength
functions reproducing the same features of the strength
functions. While 2 general agreement was notifed between
the experimental and the varfous theoretical vslues of
the strength functions on the crests of these resonantes

considerable discrepancies were observed in the valley

* Present Addresst Tata Institute of Fundamental Research,
Colaba, Bombay-S.
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region; beéwéep the resonance peaks. For example in the
mass reglon 140 L A < 160, for p~ wave strength functfion
Fiedeldey and -Frahn predict almost a constant strength
function of value about 0.3 x 10™~% where as Buck and

Pery calculations show structure in this region with the
valge of S, ranging between 1 and Z?Hr%revious experi-
menta) investigations in this region are rather scantyo

In view of this the present work is under taken extracting
the p-wave'strength functions from average capture

cross sections using 25 keV neutrons,
II. EXPERIMENTAL

The average neutron capture cross sections for the

158Gd in this region were

nuclel 146Nd, 148Nd, 150Nd and
determined at 25 keV using a 20 curie Sb-Be source and

the activation technique. Gamma counting method was
employed using a calibrated well type NaI(Tl) crystal and
a 100 channel analyser. The p~wave strength funcfions for
these isotopes are extracted from thé average capture

cross sectlons by thé'foliowing methode

III. METHOD OF EXTRACTION OF P-WAVE STRENGTH FUNCTIONS

Since the present mass region 140 A<160, corres-
ponds to one of the crests of the 4 s resonances there is
good agreement betweeﬁ the experimental and theoretical
g-wave strength functions. Taklng advantage of this fact
and making use of average resonance parameters for these
isotopes in tﬁe keV region recently reporteéyat the Dubma

conference the s-wave contributions were accurately
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calculated and subtracted out from the aversge total

cross sections to obtain the p-wave capture cross sectiong
in these isotopes, It is found that these contributions
are mord than 50X in all csses, there by justifying the
subtraction technique.

To extract the p-wave strength functions two assurp=
tions are made. 1) The redlatlion width is sssumed to be
the same for s and p- wave capture. 2) The average
level spacing for p-waves 1s taken to be one-third of the
s-wave level spscing., Using the formula developed by
Bllpu:ha for the partial cross sections

7 (e 2 (1-‘5_:‘19‘) 'JE;‘L V- vew e {1—%' ;ﬁ'“&ﬂ
where
t :1%.".»’?. = _n_‘lg‘mn
1 is the angular momentum of the incident neutron, En is
the energy of the incident neutron in ev, vy is the
penetration factor for the neutron of anguler momentum 1,
and 0, D) l;‘ld (3 are the experimentally messured
radfation width, level spocing and reduced neutrxon width
respectively; the p-wave strength functlon.sl was
obtained. These are compared with the theoretical predic-
tions in Table I.

Iv, RESULTS

It can be seen from the table that the experimentally
derived p~wave strength functions fall in between the two
theoreticll.pradictions except for 158“‘ It is
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TABLE I

p-wave strength funﬁ-

Isotope. fzgg. Fs-wave 0p-wave tions.S)x 10

(m (mb)  (mb) Exptl,  p.p? -F.DO
146y 89410 27 62 0.25:0.7 1.1 0.3
148ya 195420 67 128 0.4540.12 l.l 0.3
150y 8519 52 33  0.,8640.22. 1.3 0.3

158c4 890490 127 763  7.622 1,9 0.3

interesting to note that the present values show an

Increasing trend as predicted by Buck and Pery.
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P-WAVE NEUTRON CAPTURE IN HEAVY NUCLEI AT 25 KEV

Me Srirsmachendra Murty, K, Siddappa snd J. Rama Rao
Laboratories For Nuclear Resesrch
Andhra University, Waltair,

I, INTRODUCTION

While 2 number of experimental snd theoretical
pipers have appeared in literature on the s-wave neutron
capture and size resonances, relatively few investigations
seem to have been carried out on the p-wave capture,
particulsrly in heavy elements. The Optical model of
Feshback, poter and Welukopfl predicted the 3p glant
resonsnce of the neutron strength functlon around the
mass nunber 216 which falls in the region of unstable
nuclides, Even the more refined theories of Buck and
Petey2 and Fiedeldey and Frahn® have nat sppreciably
changed the situation with regard to the 3p glant reso-
nance. However, recent experimental messurements of
Chaubey et 31.4 have indicated a peak around A=185 {n the
p-wave neutron capture cross-sectlons, It 1s felt that a
systematic investigation on the p-wave neutron strength
functfons In the heavy nuclef would be fnteresting, As @
psrt of this programme and te plug the gaps in the exist-
Ing cross-section data st 25 keV, the aversge capture
cross-sections for 13 isotopes have been neasured using
the activation method and absolute gamma counting technique.
Using the low energy resonance perameters, wherever availa~
ble, the s-wave contributions have been calculated and

subtracted out from the experimental cross-sectlons to
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ebtain the p-wave contributions.

I1., EXPERIMENTAL DETAILS

For the present work, a 20 curle .§h-Be neutron
source wogs obtained from Bhabha Atomic Research Centre,
Bombay, to give neutrons of energy 25 keV. The targets
used were all either metel powderc of oxides with purity
greater than 99,95, The ssmples wege kept in thin cylin-
drical perspex tubeg of diomster 13 mm and irradiated
at a helight of 10 feet from the ground in order to minimise
scattering effectgs A remote control arrangement was
employed to operste the neutron source. A 7F8 Harshaw
well~-type crystal wes used as & gamma detecior..The
effective photopeak and totel efficiencles for the crystal
for cylindricsl sources placed in the well have been
determined experimentslly and used in the evaluation of
the cross-sections. A 100 channel andlyzer was used to
record the gamma spectrum. The reaction 1127(n,v) 1128
was used ss & secondary standard for flux measurement,

assuming its cross-section to be B364+26 mb,

I1I. METHOD

Using Breit and Wigner theory for nuclear'resonan—
ces, E.G. Bilpuchsderived an expression for the capture
cross-section as a sum of partial cross-sections for

different 1, .
) - (uu)n (2- leu ) ﬂz[_l J"e"{‘ f'b }J

6-:1.

Tvx - ‘;g
where b=y oo = 05, Ve, 5 D

and 1 i1s the angular momentum of incident neutron, E| is
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the energy of the incident neutron expreseed l-n ev and
Vy is the penetration factor for the neutron of angular
momentum 1 {taken equal to unity for 1«0}, The quantities
Dg, Rland T, are the experimentally measvred sverage
level spacing, reduced neutron width and radistion width
respectively.

¥ith the above expression, s-wave neutron contribu~
tions have been evsluated making wxirg use of the low
enargy resonence parameters avallable in llterature .
The p-wave capture cross-sections heve been obtalned
for these isotopes by subtracting the s-wave capture
contributions fron the experimentally measured total
cross-sections, It 1s assumed that the contributions
dus to d-wave and higher psrtisl waves are negligible
at this energy,

IV. RESULTS AND DISCUSSION

The experimental cross-sections for the 13 reactions
measured for the fitst time are reported in column 2 of
table 1. In cases where only the isomeric cross-section
is measured or resonince parsmeters are not avallsble,
no sttempt has been made to calculate the p-wave contri-
bution. In rest of the cases, the s-wave and p-wive
eontributions are respectively shom in columns 3 and 4,
It can be seen from the table that p-wave capture 1s
quite predominant in heavy nuclei. The present results,
although sketchy, seem to indfcate # peak like structure
in the p-wave cross-sections around A=168 sinilar to the

one observed by Chaubey et .14 around Aw=185, Systemstic
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investigations are in progress to extrsct the p-wave

strength functions in this region to sscertain the nature

of the observed pesk,

TABLE I
Reaction Sexpt Gs-wave Cpawave
(barns) (barns) (barns)
Tse(n,v)se’™  2,38340,216 0,114 2,269
84Sr(n,Y)Sr85m 0.46940,047 veses sesee
10945 (n,v)Agtt%™ 0,01540,0015 cosre coees
12270 (n,v)Tel23™ 0,17740.016 ceeee creee
1997b (n,») 1160 6,24340.571 0,829 5.414
168yh(n,v)Ypt®?  48,9744.91 0,329 48,641
1745 (n,v)Ypl™  2,40340.221 0,039 2.364
176yp(n,»)yp!??  0.10710.011 0,039 0,068
169 1m(n,v)Tnt 70 2,20240.221 0,355 1,847
178y¢ (n,»)HEE79™  0.26740,025 caess ceens
17%¢ (n,v)u89M  0,01340.001 - veves ceees -
1917 (n,7) 11929 9420040.911 1,082 8,118
19255 (n,vr)0s19%  0.29610.027 veres veese
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STATISSICAL THEORY CALCULATIONS OF NEUTHON
CAPTURE CROSL SECTIONS FHOM 200 keV to 800 kev

H.V. Gupta, A.K. Chaubey and M.L. Sehgal
‘ Departnent of Phyoice
Alfgrh Muslinm University, Aligarh, U.P.

ABSTRACT

Neutron capture croto vsctiona have been cnl-
culated uning otatistical theory of nucleqr reactions

in the cnergy range from 200 keV to 800 keV for 75Au,

798r. 1151n and 197Au. These calculated cross sec-
tions were compared with the experimental 'values of
capture crops section to teet the validity of statio-
tical theory in the energy range 200 keV to 800 keV.
Some excited states in these nuclei have more than
one epin., It was tried from the calculdtions of
neutron capture cross-section that which opin is more

sui table,
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STUDY OF P~WAVE NEUTRON STRENGTH FUNCTIONS

A.K. Chaubey and M.L. Sehgal
Department of Physics
Aligarh Muslim University, Aligarh, U.P.

ABSTRACT

P-wave neutron strength functions ( ﬁ: /D)
have been calculated using 24 keV neutron capture
cross sections and low energy resonance parameters,
These values of strength functions were compared:with
the previous reported values. Some interesting results

have been obtained.
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ETATISTICAL THEORY CALOULATIONS OF NEZUTRON
CAPTURE CROSS SECTIONS AT 120 keV

Je Alao and A. Augusthy
Department of Physics
Aligarh Muslim University, Aligarh, U.P.

ABSTRACT

Neutron capture cross-sectione have been
caloulated using statistical theory of nuclear
roactions’at 130 keV envrgy for a large number of
cose8, These valculated crosp-~sectlons are conm-
pared with the experimental values %o obtain infor-

]
mations about the parameter jS cal {= T Y.
These values of 'g opy 8T then compared with the
Inmown experdimental valuee of f obe! obfained from
low energy resonance experiment to check the validity

of the statiotical theory.



14.8 MoV NEUTRON RADIATIVE OAPTURE CROSS
SEQTION

8.8, Hapan, R. Praond and M.L. Behgal
Departmont of Physics
Aligarh Muolim University, Aligarh, U.P,

ABSTRACT

Noutron radiative ocapture oroso~sections have

been measurcd for 1Osﬁh, 127

I and Y"01u. Results

of theoec’ measyrcments and thosc of earlier measure-
ments have been used to check direct-semi-direct
theory for radiative capture. A comparison:of ex-
perimental and theoreticel values reveals that for
the nuclei near the closed neutron shell these agree
well.: However, for other nuclei only order of magni-

tudes agree. Shell effects in (n,Y ) cross~sections

at 14.8 MeV have also been observed.



EY

LOWEST T = 3/2 BT4TE IN 35,
OBSERVED AS
™ B(P’Y)g}’cl REACTION A RESONANCE

M.A. Epwaran, M. Ismail and an

. ¥.L.

Labha At Nuclear Physics Dlv{éi‘cnﬂamw ol
Bhal omic Research Centre, Trombay, Bombay~85

ABSTRACT

The yield of the reaction azs(p,v )3301 neaxr

the 1owest T = 3/2 state has been meassured by coun-

ting the residual activily between bursts ol a mecha-

aleslly chopped beame A natural target of SbySy was
3

enployed and n Ge(li} detector was ueed for counting

the positron annihilaiion radiation from -the decay of

3
¢1, The resgnance was found to be at Ep = 3,371 *

04006 MeV in agreement with the elastic soattering

expetiments. By comparison of the thick target yleld

of this resonance with that of the resonance st

‘p’ 2,647 MeV the radistion width f; has been deter-

ained to be 0.56 % 0.18 &V for this lowest T = 3/2

tiate, The branching of thie atate, 18 found o be

~'90% to the 1/2% fizst excited state in 3B,

thls transition 18 1ikely to be froa the analoguo to

the anti-anslogue state and its radiation width corres-
pente to 0.22 Weiaskopf andts






A DOORVAY STATE OBSERVED AS A RESORANCE IN
THE >%01(p,py) %01 RACTION

8. K. Gupta, 8. 8. xerahttn 8. Swui
¥, R, Dwarakapath, K. K. Sekharaniind A.8., Divatia
Bhabha Atomic Research Oznﬁra. Bonbay~85.

I. INTRODUCTION

We have investigated the elastic protop scattering
from the 39¢1 muoleus from Ep 2ap™ 24380 MeV to 2,620 YoV,
This reaction was studfed to look for the fsolated bound
doorway states having a large coupling to the entrance
chaonel. Doorway states were poetulsted to describe mico=-
scoploally, the mechaninm of nuclear reactions., So far the
isodaric analog etates hava been the only reported doorway
statos., The difficulties encountersd in pinning down a
doorway state of enother type, expsrimentally and theore~-
tically, are numerouns. Once we concentrate our attention m
the bound isolated doorway bpiates with & large decay width
to the entrance obannel, ths experimental identifiocation
becomes definite. Payna“) has theoretically investigated
the elastic soattering of neutrons from the eingle closed
rhell even-even nuclei, Hie calculatione are approximate
and aro epplicable to a very limited nuzber of cases. ZThe
oaleulations for other ossss are not actuslly available,lhe
major difficulty in solving the doorway state problen themw
tically 1s to deal with the ccmplications of the nucloar

* Member of I.I.T., Powal, Bombay-76
#¢ Xow at the Uiiversity of Kentucky,U.S.A.
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Blru-Rure &M woll #r ths nuslear resnction caleulntions,
T - - .
Hore wo are don>ribing briefly our resulte and an Approxi-

eate conparinon mith the thadreticnl onlculationn,
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The data wap taken o Z ¥NeV ntepn, Bonpynkovio ot nl(z)

rave aAlveondy

v

he ]
Inyeantigntad the 35c1<p,‘x5)3“s reaction in

Lhe paze anevgp range,. Wo show In Pig.1 thelir resultn

slong with o datn, A rononm oe ot Ep 1ob™ 2.463 MoV
with n width of 16 ZoV npponrn only in the protop channele.

An thin rerapnmoe anozaly appearn-nt nll the faur amgles,

i1t in connivtent with nn ip ~ 0, 37 w2t aneignnent,

Thnis npoignment 4o not unique.

III. DISCUSSION

The calculntiono of Payne(1) reveal that the
inolited bound doorwsny states ohould appear at an incident
encrgy of 2-3 MeV with a typlcael width of 50 ~ 100 KeV in

noutron elnotic vcattering. Taking into aoccount the

Coulonbd cffectn, ths width of the doorwey state changes
from 100 KeV to 15 XeV for 1p = 0 protons at Ep =z 2,0 MoV,
Glaudenana et n1(3) have carried out bound state oalcula~

tions within s-d shell ueing an empirically deternined

residuel intersotion, In the configuration spaoce made up
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it 10 connirtent with an Lp » 0, Jﬂ - 2t coeignnent.

This sovignment {8 not unique.

111, DISCUSSION

The onloulations of Payne(1) reveoal that the
inohited bound doorway atateo chould appear et an inoidont
encrgy of 2-3 MeV with a typicel width of 50 - 100 KeV in

noutron elastic seottering. Toking into account the

Coulozmd effeots, ths width of the doorway state cheanges

from 100 KeVv to 15 KeV for lp = 0 protons st Ep = 2,0 MoV,

Gleudemans et nl(s) heve carried out bound state calcula-

tions within s-d shell uecing an cmpirically determined

residusl interaction. In the configuration spaco made up
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of 51/2 and d3/2 sithehells, the doorway states can have
only ( 51/2)3 (d3/2)5 or ( 51/2)4 (d3/2)4 configurations,
Glaudomans et al find a level at an excitation of 10.5 MeV
with §™ = 2% 720 in *®Ar with & 674 ( 51/2)3(d3/2)5
and a 11% ( 31/2)4 (d3/2)‘i configuration. The resonm ce
observed by us corresponds to a state in 3sAr at 10,901 ¢
«005 MoV with o cem. width of 15 KeV. Thus our observe-
tions are consistent with the expected behaviour of the
doorway states as calculated by Payne as well as the shell
model calculations for bound stetes which will not differ
substantially for the unbound states., Further work 1is in

progress on this problem.
REFERENCES
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DISCUSSION B

B.K, Jain? The 10.6 MaV state in Glex;denann' work ie

a bound state while the state you observe is not a bound
state., fTherefore, Just becsuse theve two energy position:
agree, how much are you justified in jdentifying them
with each other, In Olaudecans' picture the configurs-
tion of a unbound state at 10.5 HeV may be quite differ-
ent from that of bound state at that energy.

8.K. Guptas There will be a level shift in fhe observed
resonance corresponding to the doorway state and this
sbift will be not very large. Anyway, the present com~
parisen is only a tentative cne,

¥. Balakrishnans What {s the average walue of compound
nucleus resonance width and their level spacing known
from other experiments, if any?

8.K. Guptas The {p, o(o) data shows six states, each
with a width ~ 1 keV in 200 keV range of the excita<
tion function. This is the experimental data available
and should be taken as it i1s. The reason for the smaller
value ot(f'?/(D) may be due to the even-even l:o'mpau.ud
nucleus, :

M. Balakrishnans A<r>/(D>m1nz of 450 seems small 4n
the region of 10 MeV excitation, when we compare with

sinflar quantity for the nearby elcments.






4 grupy oF 1ue S4nigp 0)5%ca RurcTION

S. 8, Kerekaits,8., X, Gupts snd A,B. Divatia
Kuclsar Phyaica Division
Brabha Atomic Remearch Centre,Bombay~85

I. IRTRODOCITION

The {p,n) resction on a G’M target, was investi.
gated to ldentify the lecbarle smelog resonances in the
nucleue 65011, corTesponding 0 the parest pucleus 65}!1.
Recently, this reasction haes alao been ostudisd by tha Duks
Group(” frog !.'p * 2,5 ~ 3,3 ¥eV. Iv the ensrgy ranga
Ep w 2,5 = 5.5 MeV acanned by us, et ng resonances have
been cbserved which are muperimposed upon the Ericson typs
stattatiosl fluctustions.

IX. EXPERIMENTAL METHOD AND ¥EASURLMENTS

A motallte S4m target {opriched to 97.92%) was
prepared by evaporating 6‘1{1 petal from & heatad tungsten
ribbon on to a tantalum backing foll. A 4w « geometry
nsutron counter was used to messure the yleld of the
reaction. The absslute cross-gection has pot been sxira-
sted, The relntive crose-cection le accurats to within

+ 5%, The meseured axoitation funotion ie shoen in Fig.t.
IXX. pIscusgIoNn

The threshold of the reaction has been observed at
Ep = 2,500 &+ .005 NeV, The avarage crosa-ssction gradually
increassa with the inoident proton ensrgy due to the
increase in the penstrsbiiity factor. ZThs crozs-section

showa fluctuatiora, The average width of the compound
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nuclasr levels is calculated to boe ~7 + 1,5 Ke¥, uaing
the peak ocounting nethod(z) and has been approximately

corrected for the experimental reeolution.

The g.s. analog of Gsm cannot be obeerved because
it ie due to lp = 3, The Duke gmwup observed the snalog
of the first excited state at Ep = 3.217 ¥eV. Accordingly,
the other mnalog resonances are sxpected at Ep.lab' 347,
3.861,4,188, 4,502, 4,591, 4.779, 4.958, 5.100 and 5.338
HeV. Out of these, on the baple of ths mpectroscopic
factor for the parent states observed inmugh the
64N1(d.p)65m reacuoﬁ;)snd the penetration factor criterix
the resonances at 3.861, 4.591, 4.779 and 5,338 KeV are
strong. Experimentally, we observe strong resonmces at
Ep.lab = 3,895, 4,620 and 4.790 MeV, correeponding to the
expected resonances., St ng reecnances ars obeerved at
Eg,lub w 34235, 4.310 snd 5.470 MeV which do pot correspond
to the known levels in 6581, The resoname st E, = 3.895
KoV is having the esymmetry predicted by Rodson et nl(”in

the (p,n) reactions,
A more detalled znalysis of the data is in progreas,
REFERE"CES
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D1SCUSSION

D.K. Soodr What was the criterian for assignnent of

isobar analogue otnter to some selected resonances?.

S.S5. Kerckatte:r The criteria were the spectroscopic

factor obtained from (d,p) data and the penetrability
factor and nlso the *e values, The assignments will
be confirmed by detniled onalysis later and also by

doing the 6qiii(p,p) scattering experiments,

S. Ramamurty: How is it that isobaric analogue siates
65

of only the 3rd and the 6th excited states of "“Ki are

€5

observed in ~“Cu (and not for other states of 65Hi)?

S.S., Kerekatte: The others nmay not be expected on the

basis of the speciroscopic factor amd penetration

factur criteriza.



EVIDETCE POR DOORTAY STATES IN 2981(cC,n)>?s mEACTION

M. Balakriehnan, Y, K. Mshte and A. B. Divatia
Tuclear Physice Division
Ehrabha Atonle Research Centre,Bonbay-85

I. INTRODUCTION

According to Feshbach et.nl(” doornay states will
be moet readily odeervadle if the nucbher of open channele
which are detected expsrimentally ie emall, eo that total
cross-gection in a neutron induced reaction ie least een-
eitive to the presence of doorway states. Honce the most
suitable case for detection of a doorway state is in the
crosse-gection measurements for light nuclel at low enmer-
gles, wherain the epreading wldth[&l csn be relatively
emalk., From tals point of view tho reaction 2881(&,:«)328

seems appropriate.
II. EXPERIMDNTAL

Pig.1 ehows the experimental dats, the details for
which are given eluwhere(a). There 1s good agreemnt

between the two meparate pets of data.
III. RESULTS

An examination of data shows following details.
a) Resonmcen are about 10 KaV wide, nm<r‘>/<n>70.3 for
the region of excitation arownd 10 MeV in 333, 1nte fe
1n agrecaent with the widthe and <[/ { D) ratio xnown
tor 3% ip thie xegion""). {(b) Thers is an indication
for ths rpresemce of gross structures, superposing the

finer variations in crose—seotions with energy. (c) The
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grose structures ere not dintrivuted at random, but there
is 8 regularity in the distridution of widths and energy
spacinge of thess structures. (d) The crose pections shows
wore intenee psaks within each of these broad etructuras

than in between tnen,

The excitation function averaged over 100 EeV are
shown in Pig.2, where mtructures of width asround 270 KeV
with spacing of 500 KeV are present. Proa observation
(a), 1t oan be oeen that we are not im the reglon of exoi-
tation where Ericson fluccuntlona(s) are valid. This {a
also supported by the fact that (n,0C) snd (n,p) correla-
tion uiats(s) in 323-und that cozpound nucleus crogs -
sections are not dumped. Hence accidentnl lumping of re-
sonmce states ac discussed by Singh et nlS”, wherein
spurinmue "intermediate” like structuree are built up, can
be ruled out. For the region of excitation where (f‘?/
IDY 1ie not too large and correlation exiets between
various entrance or exit channele, the structires have
been qualitatively explained as du's to statistical fluotu-
ations in the avernge level denaities of the conmpound
nuclei 1nw1vea{‘9). Fron the obaervations {b) anmd (o}
above,it 1o improbable that asuch an explanation can &ccount

for these siructures.

A omore realistic poseibility is to explain theoe
atructures as due to simple modes of excitation of the
compound nucleus. The reduced alpha width, for the single
particle Tigner lizit 9,—- 3 f\L/ZLmz 1o 430 KeV which 1s
twice as great as the obeerved width 270 KeV. Doorway
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states described as three quesi-particle otates csn acerunt

for a width of sbart 200 to 250 Ee¥ for raclel &n this cup

region“). Shnkln(g). Lande and Block(w)eun:ated thas
the number of three quasi-particle states that can occur
per KoV energy spread is sround three,in thie region of
excitation for medius hesvy nuclei. This is conoistent
with the separation of 500 KeV obrerxved for light nuclei ar
in the present experiment. Since each three quasi-particls
states should be cheracterised by 8 unique angular momertuz,
1t will b» guite interesting to ree tho differentinl cros=-
sectione for these mtructures, to check whother a unique
angulsr momentum can be attributed to each of them. The
expected sptéadlng of the doorway states over many compound
nuclear states (obssrvation (d)) may make it more difffcul¢
to observe this,
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I80BARIO ARALOGUE BTATES IN 670a

M.G, Bstigeri, O.M.Laxba, D.K. Bood,N,9arma snd N,S3,.Thempi
Bhabha Atonic Hesesroh Centre, Dombay = 85
In thin work the cbsecrvation and etudy of the
ifeobvartc enalogue stutes of 672:: in the compoura nuclaus
670! which 1o formed by ihs proien bombardment on “Zn is

reporteds

Excitation functions at three srgies Om- §0%,125°%
end 165% wors moanured in the incident protons energy
rarge of 2.9 to 3,9 MeV. A thin target of “zn {enriched
10 ~ §0%) evaporated on thin oardon baoxing (~ w/ug/cu )
was bombarded with protoms from 5,5 Ne¥ Ven de Oraaff
accelerator at the Bhabha Atonto fesearch Centre. The
error os the measuremont i 2% inoluding the statietioat

erIoT.

At high excitation energilea in medium weikht
nuoled the lavel width i» much larger tnan spacing. On
this baokground of compound nucleus staten ol fsospin T¢
the snalogue state with iecepin T, stands out ar &1
anomaly in the cross psotton. Interferonce almp ocoures
batwean poteutisl and resonant scattering. These anosa-
lies have besn observed in 61M which sre amloguos of 93,
184, 330, 978 and 1142 keV levale Ln 672!1. The » tates
anslogues to the ground and 602 XeV atatas could nmot be
observed bsgauen of high L valuss involved. The resonsrces
heve been fltted with the program BAIGIT as nodified for

the CDC-3600 conpu:at‘). VYalusrs for the resonunces eoorgy
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IS0BARIC ARAIOGUR BTATES IR 670:

M,0. Betigeri, C.M.Lanba, D.X, Bood,R.5ama and R,3.Thazpl
Bhabha Atonio Remearch Centre, Bonbay = 85
In this work the obsorvation and wstudy of the
ieobario snalogue astates of 672:: in the compount nuolsus
610; which is formed by the proton bombardcent on 66zn 18

reported.

Exeitation funciions ot three argles om- 90°%,125¢
and 165° wore mossured in the inoident protons energy
range of 2,9 to 3,9 MeV. A thin target of 66211 {enriched
to ~ 90%) evaporated on thin carbon baexing (~ lo/ug/cu )]
was bombarded with protaus from 5.5 MeV Yan de Graaff
aocelerator at the Bhabha Atomio Research Centrs, The
error on the measurement 1 2% including the statistioat

orxor.

At high excitation energles in mediunm woeight
nuoled the level width is much larger than spacing. On
this beokground of compound nucleus stater oi isospin T¢
the analogue state with isospin T, eotands out as ap
anomaly in the cross eection. Interfersnce slso ocoures
betwesn potential and resonant scattering. Thobe mnoma-
lies have baeen observed in 670!1 which aro amalogues of 93,
184, 330, 978 and 1142 keV levols in S72n. Tho e tates
analogues to the ground and 602 keV states could not be
obasrved because of high & values involved. The resonances
hare bacn fitted with the program BRIGIT am modified for

$hs CDC-3600 conputur”. Valusa for the resonsnces smorgy



5 G

totol width and partial widthe are obtained. - The reaults

are shown in Table 1,

Table 1

Energien Previous .
of leveln assignmentso Present asgignments
in %Tzn Jr r b 1 J

key kel .

184 3/2° 3.62 0.04 1 3/2

978 572 10,54  0.34 1 1/2”

No unique fit 2 5/2%
1142 ‘ 1/27 14.10 0.75 1 1/2°

The f and J values for the variouse resoneces

agree with the results obtaipod from (d,p) reaction data

except for the 978 keV level.

suggeots 8 value of 1 = 1 for this resonance.

The present experiment

No unique

fitting can be obtained for thie level for 4 = 2 assignment.
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YRAGMENT ANGULAR DISTHIRUTIONS IN THE 14 Xo¥ KEUTROX IEIICID
rIssrox or w32, 9333, 235, 3P, w237, ne?39 AN aatd!
TIING BOLID-STATE TRACX IGTECTORS

by

R.E, Iref ard W1, Sagr,
Radiochenistry Divisien,
Toaths itomio Pesearch Centre,
Tromtay, Boxbay-85.

I, JETPOIOCTION

The first ever atterpt to olserve srgular distribtution ef
fiseion fragmants was mide by Ealpern amd Imma(”. wo stodtad
the photofienton of m2R indiced by 16 MaV x~rmys, Blnce then,
several stadies in fission fregrents angular distritution bave been
male by saversl anthors using o variaty of targeta, ard profectilas
ard over a vide range of ermrgies 2 « Koot ef tha mgeuremnnts
1pvolvs axperimntal eat upy eeploying fizefon chardere or aolid~
state counters eoupled with elaborats electironio cireuiiry, ant
ococasiorally radiochenioal techniques'>’, Vory recontly solid-state
rack dotectors tave been ured't! for thase mararamonts.

Zrolley art Dickineont®T) siudted tpe argular dlatritution of
n22, 235, 235, 139 e 527 1nduced by therm and 14 Ma¥
pantror, Thay have also found that the anistrapy W(0°)/(90°), vartes
vith ventron evergy 8,

8ince angilar dll}rlbntim of fission fragosnts are very moh
tied 0p with many properties such 68 spin, orbital angular scrantus,
fisstonability, etcs of the coxpount micleus, thess studiss rarzti-
culerly those irvolving near threshold axcitation emergy, csn give
valoable {nformtion adeut the miclece at a cruolsl stage (tramitien
state) of the fission process.

Ore of the aims of the presest paper i o repart the Temilts
of & #taty of the angular distribution of fiesion frupments of B>,
"2”' ’32”- ‘72”. Bb”’. 720 ot 123 grmcet by 14 Ne¥ reutrons
#nd 40 oorpary them with other rublished éata, The merit of the
present yark {s 1ts efaplicity vaing Lexan sclil-etate
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FIGURE - 2
FISSION FRAGMENT ANGULAR DISTRIBUTION USING SOLID - STATE TRACK DETECTORS
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The messured angaler distritmiions were norralissd to 4 total
fisnion croes section by the relation

w(o) - (%snL)o - Teora
_‘;;—— seseens (2)
(‘—,-1—)%
vhere (%%—)o the differential erces eection at ibe lab argle O, in
terme of the mzber of tracks per unit solid lngll."fhm were taken
fron our previous work 9 » The experimontal sngular dlstritatioms,
¥{0) wore thus converted into millibarm por sterndian anl ere plotted
in Figure 2. The woxking of experimnntal pet up amd the xethod was
tested fer thorml fission of U7 ard Fu®>? both of which gave
{aotrople distrivutiors (soe Figure 2).

-3

Yrox & least squarens fit of the experimsntal points with the
expression of the form W(0) w 4 + B Coa20 + € Co-‘b, the snisotroplas,
¥(0°)/¥(90°) ware caleulatod, The fitted curves are alzo ehown in
Pigure 2. The caloulated anisotropies sgre listed in Tadle I, other
reported values are also included in the tadle. It is agen that the
results of these experimenta agree well with othsr reported dats. The
offeot of target thickness on the shape of the angular distritution
and on the anisotropy was locked into by measurirg the angular distri-
tution of fragronts fyon a thin 125 soures (~100 Px/cn?) and
corporing that with the 1.7 ng/cx’ mource (120 ps). It vas fount that
both the shape and anisotropy depended on the target thickmss. Using
Ybe thin source WU YWU'} was found to be 137 {Table 1) in close
agreeront with other reparied yalms. A sinilar cdservation bas been
wads by Brolley et al 5 « In the preczant geomatry, ths intemity of
fragoants enitted in a direction norml to the beanm will te reduced by
absorption and scattering effects doo to the increased targat thickness
e oompared {0 thoes exitted alorg the beax. Tnih apparert reduction
in {ntareity alorg 90° gives rise 0 an incroase {n anieotropy.

As expected, systaratic dscrease in avisotrory with incresse in
(22/‘)(;.1( (incresse in fissiombility) is cdeerved 10) mis e
111ustrntad 4n Figare 3.

Interpretation of the results at hicher excitation emorgien is
cowplicated because pore than one miclecs can undergs flasiom
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The meanured angular distribuiyors were nevealissd to the tolal
fienfon orown mection by thy velstion
.y . %
wo) = by'y )°l Trotal
Z (¢~ o,
vhere (%AI“')Q the Aiffasential orces seotivon at the Jab argle 9, in
terms of the rusder of tracks per unit selld .m;lo."fhm were taon
froa our Frevious work 3 » Tho axperimntal avgular &iwtritutiom,
(%) vero thus convertad irto millibaxmd par wtermdian and are plotted
in Figure 2. The working of experimmntal cet up amt the rathod was
tested for therml fission of VZ” and B baoth of vhich gare
{sotropio dintritutiors (sce Flgure 2).

vereass (2)

Frox a least squares fit of ths experirental points with the
expression of the form W(G) v A + B Cos%0 4 € Cos?0, the aninotropias,
w{(0*)/4{50°) wore calaulatod. Tho fitted curres are alwo shown in
Pigure Z. The caloulated anisciropis® amn liated in Table I, other
reported valvew are also inolnded in the table. It i» smeen that the
resulis of thess experivents agree well with other reported data, The
effect of farget thickness on the shaye of the angular 4istritution
and on it anisoiropy waw locked into by meesuripg the .uguhz dletri~
tutlon of fragmonts frona thin U2 soures { ~ 100 pefen’) ant
corporing that with the 1.7 ng/as acarce (120 pe)s It wan fount that
both the shape ard anisotropy depended on the target thickmas. Using
e dxie sowroe FONWIPOM) wer foasd 10 2o 337 (Sx¥de 1) dn odeve
srreement with other reporied valma. A sizilar cbservation bax been
sads by Brolley ot 83477, In tha prosent geomatry, the intemity of
fragmenis exdtted $n a direciion normal to the beas will bo reduced by
adsorption and scatiering effects dus to the Inoressed targnt thickness
a8 ocwpared 10 those eritted elong the bear. Thik spparemt rediction
in fntermity alorng 50° giver rize % an incrasss in anisotrepy.

4x axpected, systemtio ¢ in anisotropy with 4 in
(zz/l)c,x (increses in fissiomdility) is cvoerrast?), mir 1
fllnstrated in Figars 3.

Interpretation of the reeults at higher excitation emrgles is
oowplionted betause nore than ome mcleus can unlergo fisalon mking
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15.8 2 05 1,28 £ 0.08 Frasent ok
14.0 1.15 & 0.04 6,7
14.0 1.13 % 0.04 10

1407 1,16 3 0,02 1"

14,1 2 0.1 1412 £ 0.05 1
15.8 £ 0.5 1.20 £ 0.08 Frosect vk
14.8 1.15 + 0.05 13

15.8 &+ 0, 1.35 £ 0.10 sresest v
1{.1 205 1,083 0,04 3t
S pecpet tnickmmes  1Tme/m’
»

terprt thickmer 109 pe/



the obsorved angular dintribution ouparposition of distributions from
©evoral mclei. At prosomt offorts arc under way to aisontangle the
suparpositions from s knowledge of tha fipoionabilitiooc of the
spacioo involvod ard olso {o extom these moaswrorants to near
throchold excitation omorgies.
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BPPENDIX
SOLID ARGLE fL = 27 (i-Cesd) et WHERE,
on dfL = 2N Singdo t2) -fl., SOLID ANGLE
8 ANGLY B6TWEENY NEUTRON SEAM AND
FROM FIQURE 1t} o L Ging a A %) * TIRGCTION OF FLIGHT OF P FAAGMENT
%46 & .

) WIDTH OF wTRIP
)

DISTANCE 0F BTRIP FROM CENTRY
0P BASE OF THE CYLINDER

 RADIWS OP CYLINDER

d8a 25ind o ggpin’a o4
%

PUTTING “THS VALUE OF o@ N Favation{2)}

P e

. B
di = 2Tlsmn’b e eee. (8D
2Rt=n e

AC = (CONSTANT) R 2% RL X (TRALK DPENSITY)

40, (CONSTANT)s &Y x (TRALK DENSITY]
dn Sinvg
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D18CUBSION

D.B., Srivastava: The plagtic detector's officiency io

lirnited by a critical angle that exlsts for ewery
dielectric~detector, How did you account for 1t?

Aloo vwhat led you prefer lexan dctector over mice which
has 100% detection efficiency?

R.H. Iyer: Our moasurementn were rectriected between
10° and 80° with respect to the neutron beas and in
this range, the fragments make rell-defined tracks with
100% efficiency.
Lexan being a synthetic plastic coneisting

nainly of carbon and Hydrogen is expected to be free

of any heavy element contamination and this makes 1t
very attractive for determining even low fisoion cross
sections, More over, Lexan is more flexible than mica
and this was a great advantage in our parficular ex-

perimental set-up.






EXCITATION YURCTIUML FCH T1Z MCUTPOY INDUCED FISSICY
OF HZAVY KUCLET

K.Ws Iyengar®, Res Iyor, 5,8, Fapoor, DV, Kaflayn{
ard ¥FoLe Seru,
Emabla Atcmic Pesearch Certre, Trozday, Bosley-85,

JNTROCTION

The presence of a second minfruxz fn tre fiseicn arrier
predicted by recent treoretical damlcpmrtn("z) 18 euprorted by
soveral exporicental findings. The gradial dleappearnnce of siruote
ura in the rear threshold fiesion aniactrapy dats ms ¢™a gose frem
u‘i’h to heavier actinide odd A corpound ruclef kae been attrituted
to the presence of e dcuble-turped tarrior with the Feight of thre
seccrd Yarrier decreasing with A. It is trereforeck interest to see
4f the leck of structuro in the ergular disiributicn of figolon
fregoente in rescticns of tro type 241 Anin,f) 1s 8lso eccozpaired bty
{te atsence of any structure in tle fiesfcn excitaticn mncucm.(z)
The latter may still chow a giructurs ascociated with tra clannels
{eeddle point siates) over tho first tan-zer(n wiich fo prestzed to
be higter, In the precent work we have carried cut experizerts to
geagsure the fimeicn croos sections of eeveral ricle! racely 252'17:.
z”V' 257!19, 2395 and 241kz redative to thet of 2355 1p tve neutron
arargy reglon of 0,32 lev to 2.1 Mev at crergy irtermls cf adout
100 Eev. In the present peper we present the fiscicn cress section
data on 241&:&1,[) g2 it 1g rcre relevans *o tre pointe perifcred
abovs, Only 1inited date were availatle ot the tize of stariing

theve investirations.

® Tata Instiiute of Fundarental Peserrch, Colatn, Te-tey-5.



rimentel meth n sults

Fiseion events were recorded using solid state track detector
(Lexan poly carbonate), This teohniqua(z’) is particularly suited to
the present purpose because of the very low fission cross seotione
near and below the fission barrier. Further, 241Am having a very
high specific activity can cause ocomplications of pile 1’1p pulses eto
in the conventional methods. Lexan detectors prove to be invalusble
as detectors of fission fragments in high backgrounds of'relatively
low ionizing radistions such as X—rayB,T-rays, o{particles etc as
these detectors are nearly insensitive to these radiations. Also
these being integral threshold detectors experimental date can be

collected over long periods of time without any complications.

Targets were prepa.red(4) by electrodeposition of the radioactive
substance on to gold plated aluminium foils. Natural thorium,
depleted Uranium (2580), pure 235(1(} 99,0%), 93% enriched 255{1,
pure237Np(> 99,083, 227Pu(>95.0%) and pure 241 )n(399,0%) were used
for electro deposition. In the case of 232’I‘h and 25 8U known gmounts
of solutions were spiked withiagx\;;;xts (~ 1000 cpm) of 2340n and
2550 {4racers respectively before plating and the amounts deposited
wore asseyed by counting the tracer activity. In the case of 233{!,
239Pu and 2'41Am the amounts plated were estimated by asseying the
pla.t:img solution before and after pleting. In all other cases the
amount deposited was estimated by direct alpha counting. Targets of

1 cm dismeter were prepared with the amounts of coating, for différent

isotopes, varying from 1 /Ug to 25/ug. Lexan strips of 3 mil thick
were used and the targets and the lexan pleces were stacked one above

the other such that the lexan strip was in contact with the coated side

of the target thus providing a 27T geometry for fragment detection.
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Thess stacks were coversd by cad:uiun shests to ahield sgainst any
therea] reutrons. Monoerergetic neutrens in the emergy rangs 0,32 to
2,1 YaY were gonerated vith 35(9,11)’}!0 reacticn using the protozs
from the 5.5 Ka¥ Yan de Crsaff accelerator. The spread in the
neutron energy was estimted to be in the range of & 30 Kev to

4 50 Ksv. These stecke wars irradinted with the fast neutron beaxs
for periods ranging from 20 to 50 hozrs, A4fter irrsdiation the
lexan foils were efohed in 6F FaO sclution at 60%c for 60 mimtes
ard the tracks were oocunted with an optical zdorosecpe with a
n-gnuioauon of 400 X, Tho cross secticns were calculated relative
to ttat of 2397 using the following relation

6 - "2"1‘275,6_'_
Fhie,

where X 13 the totel ruzber of tracks, M the acount of target

material, A the rass rusber, ¢‘thn flux of fast neutrons and G tne
fission oross secftion. 'I’bc subseripts 1 and 2 Yefer to the atand-
ard (255!1) ard the target whose croea section is to be determined
Texpectively,

The fissicn cross eecticon for 2“‘: ttus calculated is plotted
&9 & functicn of inoident neutron emergy in Pig, 1. Yor the sake of
coxparision, we bave also shown in the psme figwre the urpublisked
los Alazos d.uh“), tho results of Geeger o2 ;1(6) anl the recent
resulte of Yoomshkin et l1(7)- The errcrs showa in the figure ircl-
nde those éne to uncertainties in the estimtion of the sccunte of
tke target,
Plezureien

The fissicn cross ssoticts reasured 42 the presext woerk (rig 1)
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are in falr sgreepent with rerulis of ressuressrnts frem othler
ladoratorles repcried recently except &t the lov energy polnt of
5, = 0.5 Xov vhere our value iz larger than the los Alsxos value,
Eowever at this energy the recently publiched data of Focushkin

[13 11(7) givas & ruch higher cross section tran chtained in the
presant work. The flaefon cross sectfon obiained in the preesent woxk
shove o platesu at neutron energles En 1,4 aVe In the present
work a 1ittle structure in the fleeion cross esction fs noticeadle
at the fncident neutron enerzy of 0.78 + 0.05 Koy, Hovever, no
sinflar structure {s observed in tho data of other werkers (Pig 1),
In oxder to obtain more definfte informtion adout this point sore
data {s required in this energy reogion at &till mmller enerzy
intervals,

EFEFENCES

1. V.M, Strotinsky Mucl. Phys. A 95, 420 (1967), 4322, 1, (1968)
2. 5. Bjornholm and V.M, Strutimky Wuol. Prys. 3 135, 1, (1969)

3»  R.L, Fletscher, P.B, Price and R.M. Walker, imn.Pav, Fucl. Sef.
15, 1, (1965)

4¢ B.H, Iyer erd B, Sacpatliumr Piper ¥ 79, fuclear Fhysics and
Solid Steto Physics Syrposium, Roorkee (1569)

5. BNL - 325 (Second Editien) 1958

8. P.b. Seeger, Ae Hezoendirger and B.C. Diven. Fusl, Pys. A 96,
605 (1967)

7+ EJ. Fomshkin and E.E. Gutndkown Soviet Jour, Fucl., Prys. 10,
no 5, 529 {1970)






~73-

~

EMISSION OF JONG RANGE CHARGED PARTICLES IN THE PISSION
oF 2520 BY THERMAL T0 4 MaV XEUTRONS 10

D.M. Nodkarni and 8,8, Kapoor

Huclear Physics Division
Bhabha Atomioc Research Centre, Bonbay- 85

INTRODOCTION

Several studies of the emiselon of Iong Range
Charged Particles (LRCP), 4n fiesion have shown that thece
particles originate towards the last steges of the fimmim
procesfs and therefore the probability of LRCP enmiseion
may depend on the configuration of the scission point
nucleus, The dependence of the eninsion probability on
the excitation energy of the fissioning nucleus may pro-

vide useful understanding on the complex mechanien of
(1-3) on

the yleld of LRCP in the spontaneous fission of “i%pu,

thernal neutron fission of 2°°Pu and in the 14 eV neu~

enission of theme particles. Early measurements

tron fiesion of 235y ynascated that the Probadbility of
LRCP enmispion goed down rapidly with increasing excitatim
energy. Later measurements with incident 2.5 MeV neutrom
on 23511 by two groups were reported. In vne“) of these
thoee{4) 4 nighor probability of IACP emission than in
theraal neutron fission was found and in the uc:md‘b)
saze probability as in thormal fission was found. Alro
in high energy proton and o{-particle induced fission

=eamrcnenen(5'7) a steep increase in the prodbability of
&1(6) reported that

18%)

1RCP wam observed wheroas Loveland et

the enmispion probability resaine constant (within &

4n the high energy fission reactions, It



that in theoe high energy measurements a substantial
fraction ( > 50%) of fission evento taking place are
Second- and higher chance fissions and conscquently the
observed probability of LRCP yield is a result ews of
Ylelde from a& number of nuclear specicso fissioning at
different excitation cnerglies, Therefore there is a
considerable uncertainty about the excitation energy
dependence of LRCP emission probability. In the present
work we have measured the probability of LRCP emission in
2,3 and 4 MeV neutron induced fission of 2350 relative %o

that in thermal neutron fission.

EXPERIMENTAL METHOD !
In the present experiment the yield of IRCP in

coincidence with fission fragment were determined by re-
cording the energy spectrum of these particles and simul-
taneously monitoring the fission events taking place.

The LRCP were detected with a surface barrier detector
which had a sensitive area of 2 cmz and was operated with
a depletion depth sufficient to stop alpha particles of
up to 30 leV. Fission fragments were detected in a 2W
geometry using an jonization chamber filled with pure
Argon gas and operated with an electric field of 100 V/m.
Thie method has the advantage that no corrections need be

made for the possible excitation.energy dependence of

The 235U target was

O cmg on

LRCP~fragment angular correlation.
about 1 mg/cm2 thick coated over an area of 1

to a 8 mg/cm2 aluminium backing and was prepared by the
electroplating technigue. This thickness of the backing
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is sufficient to stop all natural elpha particles and
fiesion fragments po that only LRCP can paos throggh and
get detected in the LRCP detector. The 236!7 target
forzed the cathode of the ionization chamber. Neutrons
of mmr.::un energy 2.1 and 4.2 HeV were produced with the
5K(p,n)sﬂa reaction using the proton beam from the
Troobay 5.5 MeV Yan de Graaff pccelerator. The neutron
energy spread, caused painly due to the slowing down of
the protone in the target, was estimated to be about
50~60 keV. The neutron flux at the fispile target was
eotimated to be about 5 x 10° /em/sec, The pulse from
the LRCP detector and the ionization chamber were ampli-~
fied and fed, through a pair of discriminators, to a
coincidence circuit of 1psec resolving time. The out
put of the coincidence circuit opened a linear gate
through which the IRCP pulse was passed and its output
pulse height diotribution was recorded with a 400-channel
annlysor. Before and after each fast neutron irradiation,
thermal neutron irradiastions were carried out by surrou-
nding the finpion chamber with paraffin blocks. Typical
count rates of LRCP~fragments coincidences in fast
neutron irradistionp were about 16 per hour.

RESULTS AND_DISCUSSION
The observed yields of IRCP in 2 and 4 MoV

neutron fission of 235U relative to that in thermal

fission ere chown in Fig.l. where the yield of LuCP
02 + .17)210

of seversal

per fission in thorma) peutron fission, (2.
repreocnts the weighted average 0f the rerults

=



1 'DI1I

AW NI AQN3N3 NOHLININ

[4

(Z96l) S3180N

(7961) VL3 INSNIHOQVHG
(8561) W13 ¥3113N
WHOM IN3S34d

®-oa

N3 SA ™d

i
o
-

1
Q
)

i
Q
~

uolissi} eOl Jad s9ponysnd sbups 6uU0) jo Apjigpgold



77

x:enure::eatc("'). Alec chown 4in the figure is the result
of our earlier :aauurenent(g) of the yleld of LRCY in

3 MoV noutron fission of 2350 using a eiznfler mathod and
the reeult of other vo:kun(e"'a). The reesured yields
of LBCP per fission in 2 and 3 MaV neutron fiselon are
found to be (1.71 % 0.16) x 10”> and (1.683 0.17)x 103
respoctively, which are in conformity with the yield in
2.5 MoV naultron fioslon reported by Drapchinski et al(a)
but not in agreement with the rathor large yield roported
by Netter ot nl("') at the same energy. 1In the present
work the yield of LRUP per fieoslon in 4 MeV neutron
finsion was found to be equal to that in the thermal
neutron fission. From these results it is concluded that
the LRCP enission probadility i6 not sensitively depend-

ent on the bombarding energy ol the neutrona,

The reason for the near constancy of the enimsion
probebility of LROP with the inoreame in the excitation
energy of the fisnioning compound nucleus-nucleus 2350
i intimately conneocted with the detaile of the emission
nachanien of these particles, Although there are s few
qualitative nodela(m'n) about LRCP emission, ths exact
mechanisz 18 not yet Xnown. If, however, the probability
of episeion of IRCP dependn sensitively on the onergy
arailadle for particle emisesion at scission and on the
configuration of the fiseioning nucleus at the last
stage, as iz avguced in thore rodels, then it is con~
cluded on the baols of the present results, that doth
the energy avallable for LRCP enieoion at
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the shape of the solseion point nuoleus are insensitive

to the {nitial excltation energy of the compound

236

nucleus U. The excess energy put in is locked up

as deformation energy and is not availablé for particle

emlssion. Thease interpretations are consistent with the

(12)

observed near constancy of the kinetic energy of

fission fregments with the increase in neutron bombard-

ing energy.
REFEREN CES

1. T.A. Mostovaya, Reported by V.I. Mostovoi, Proc.
Int. Conf. Peaceful Uses Atom. Energy, 2, 226 (1956)

2. R.A. Nobles, Phys. Rev. 126, 1508 (1962).

3., N.A. Perfilov, Z.I. Soloneva and R.A. Filov, Sov.
Jr. Atom, Energy 14, 601 (1963).

4, M.F. Netter, H. Faraggi, A. Garin-Bonnet, M.J. Julien,
C. Corge and J. Turkiewicz, Proc. Second Int. Conf.
Peaceful Uses Atom. Energy 156, 418 (1958).

5., L.V, Drapchinski, S.S5. Kovalenko, K.A. Petrzhak and
I.I. Iyutyugin, Sov. Jr. Atom. Energy 16, 164 (1964).

.6, J.A. Coleman, A,W. Fairhsll and I. Halpern, Phys.
" Rev. 133, B731 (1964).

7. T.D. Thomas and S.L. Whetstone, Phys. Rev. 144, 1060
(1966) .

8, W.D. Loveland, A.W. Fairhall and I. Halpern, Phys.
Rev. 163, 1315 (1967).

9., V.A. Hattangadi, T. Methasiri, D.M. Nadkarni,
R. Ramanna gnd i.N. Rama Rao, Phys. & Chemistry of

Fission, 2, 397 (1965) .

10, R. Ramanna, K.G. Nair and S.S5. Kapoar, Phys. Rev.
129, 1350 (1963).

11. I. Halpern, Phys. & Chemistry of Fission, 2, 369
(1965) . )
B.K. Hyde, Nuclear Properties of

12, ©See, for example,
**  Heavy Elements, 3, (1964).



CIFPTIC ET20Y DIBTAIEVTION I¥ THE FXACTGR
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Satya Praxach, B.3, Manohar, 8.F. Dange,
Lo Pawasyenl ard MY, Bemriah
Tadiochanistyy Divicion,
Ehatha Atoxic Research Centre,
Troaday, Bonbay-835.
1. JIXIPOIXCTION
¥ith an ais to unfereiant the dtvtritution of the Xiretio

smwrgy releesed and ths kinetfic snergy daficid, s» & Jumtion of
charge and the mars of the fisaloning ruclens, we bave Sotersimd
the recoil ranges in the fizaton of 232':2:(‘). B3y and 2”!\n(2). This
papex, vhich is & pert of those 2tudien, devorites the saararevarts
of recofl~ranges and henos the kimtio energiss of the fissfon freg-

a1

ments in tha reactor mutren fnfneed fisvion of *° Aw, for which

Abere $x mo date on kimotio evargy rolessed,

1. DIMDET

Thin-target, thin-catchor technigue was used in ihe dater~
mirntion of racoil rangss of fission products, in which the nean
rerge 'R in releted to tho moiivities in differsmt catchers by
aquation (1}

B Y A S R LI B

B, % apd ¥ are the man rargs ¢f the fisedon product, the thickmss
of the firet catcher snd the thickmyns of the iarget respeciivaly.
A3y 42y 43 ato. ave the astivities of the fisaion fragment in differ-
wnt catchar folle, fC' 4s iho ovrrestion faoter for thn diffaremce in

stopping porsy of the targot and the catcder mmterisls.

44

oo uniforn targets of about 100 ugm of “Hin

€914 plated alomininm fofls by electrodepoeition.
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oovered with 0.3 mil super pure aluminium catcher foils, and the
whole acdorbly wae wrapped in 1 mll alurdnium foil. The irradiatiom
were dore at the OIRUS reaotor with e moutron flux of 101511./@-2/5.0.
for tho duration of 10 to 24 hours. After the irradistions catcher
foiln were Beparated and tho aotivitios corresponding to Aifferent
fiesion products wore determimed, either by Y ~spectroscopy using a

2 0o Go(Li) detector, or by otandard rediochomical methods. The

Y -spootroscopy was usoful only in the region of high fission yields,
and therefore the recoil-ranges in the symmetrio region were deter-
rined by radiochemical mthoda.

The reooil ranges wore comverted into tho kinetio energies of
the ssoondary fragmnts using three different range ensrgy rolations.
The first om is the omperical formula given by Alexander amd
Gazdihw )

R = K EZP creeee (2)
In thia the constant 'K' which varien with the mens of the fission
product wan calenlatad using recoil rango data of Araa(4) ot 8l and
the kinotlc omorgy data of Schmitt et a1(5). The modified form of
L.85.8. treatmnt by FHophkin and Sugihnm(s) was nlso used, tut it was
found that it gives too high valuso of kinmetioc omergies in the light

rans rogion and too low valuss in the heavy mss region.

The third rnge onergy rolationship which was derived by us
(to bo published) was also used. In this the mean range 'R' is related
to the kimetic ersrgy of tho fission product by equation (3)

vo . E.mb
R n-a-—.-:— -—é—pasg; XXX (3)
0

wheref= 1.486 x 10’8[1?2 % ;894 Zo_ 7 (M sa)h @)
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Yo 1s the velocity of an electron {n the first orbit of hydrogqan
atom, e 1 the charge of the electron, Zy ard 29 are the molear
charges of the fission product and the stopping atom,

So= [ zx,’/’ 42275 7 ara %) 38 150 mos of the fiston protuss.

The kimtic enorgiee of the primry fragmnts were calculated
by mking correotiom for peutron evaperation. The primry Ximile
avergles ware otuverted to the eorresponding total kimtio emrgias
for the different splitas,

TIT, RESULTS

Tig. (1) shovs the plot of recoil rarges ae & funotion of mss
of the fiseion produst. Yig. (2) shows the plot of total kiretio
emargy relsassd as a funotion of maes split. It can bo seen tint the
kinetio amrgy daficit in adout 19.0 KeY and this valus fits ww)l in
oo enrlfer eomhuon(’) with shell struoture as seen in the Fig.(3)
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HIGI ENEAGY REACTIONS AND SHELL FODEL WAJEFUXCIION: OF 7L4

G, Ramachandran
Indlan Statistieal Institute, Caleutts- 25

The {mportant role whlch high enecr;y resctions
couid play in clucidating nuclear structure has well been
demonstrated by the successful use of high energy electron
scattering on miclei, fpart from this particular process,
wo have at hand a nunber of other high enorgy proceases
liko plon scattering, photoproduction ote,, shich could
bo expeoted to yicld irportant inszlghts into mucloar
structure, We wlsh to guggest that oxperiments invelving
such high energy proceaases could be used %o study experi~
zentally the nuclear shell madel radial wave functions,
Ono advantage in uaing the processca 1like pion scattering
or photoproduction rather than olectron secattering being
that theso rosctions pessess strong spin-dependent parts
which are comparable to the spin-independent er-plitude
on a nucleon, A1 o concrote example, wo consider the casa
of 7 for the dlacuaslon,

¥Wo rofer to an earlier pnpcr(l) for details of
tho theoretical rodel wuzed to discuss such processes
lesding to tho ground as woll a3 to axcited atates of the
nucleuz using the nuclear shell model. Tho first excited
sthte of 7L1 which ve toke to ho [SlaaPl/z atate 13 a
Jov lying state with axcitation energy of only 0,48 HeV
and 4t i3 usually diffieult experirzentally to resolve this
inolnatie contribution fro= the clastic cross scetion,
Mding therefore the two, the croas aectlon 13 elven on

the baals of our rodel by



—_— : 2
[P‘os ( 2oL +2Ln)+rop(ar.n+1.p)]

iQ p
¢ 22 | 2, + 1, |2+ ( F2 +}—8F2)| 2
2p | Zht T op v T ) 1R, T

vhere L and K denote respectively the nuecleon spin-

independent and spin-dependent parts of the amplitude for
the process on a nucleon, whose charge state is denoted by
the suffixporn, T F _and F__ refer respectively to

os * “op 2p
the radial integrals

Fg = Jug(r) §,Gr) uy(r) dr (2)
Tp = J w(®) 3, Gr) w (x) dr (3)
Fop = J wp(r) 3,0er) w (x) ar (4)

vhere u, , u, denote the radial wavefunctions in the s-
and p- shells respectively and Jg ( kr ) denote spherical
Bessel functions, k¥ being the momentum transferred to the
pucleus,
The next exclted state of the nucleus is taken as

[3122F with 7 < 7/22), Since the ground state is [31%%
it is obvious that an orbital angular momentum £ =2 at
least, should be transferred to the nucleus to lead %o this
excited state and if this is to be brought sbout through
the transition of a p- shell nucleon, £ = 2 1s the oan

allowed value fbﬁ the orbital angular momentum transfer,

Therefore, only the radial integral Fép is involved here

and we have



&7

& 37 < 16

—(=—F, )2 [—{E_|2 += |X _.x |21 ¢
(T zLI*'PI ﬂI»,,__l (5
& 37

vy (:s—rzp)zlgig_p 12-35 12,2021 (0
for this rosction, the alternative expressions {5) ana (G)
referring respectively to either of tho podsibilities

J =5/2 or J=7/2 for the oxeited state,

The interesting pdint 1s that krowing the J- valus
one can readily estircate tho form factor rzp e=piricelly
fron exporizental studies of inolastic high enorgy reactions
lesding to this exclted state,

Just as in the case of electron scattering, where
the Coulomb scattering tends to zero at 18¢°, vo have in
the case of photoproduction of neutral plons that the spin
independent oontritutions go to zerv in the forward as well
a3 in the backward production angles, This circumstance
oould bo teken advantage of to eliminate the form factor
¥, in (1) and dotermine ecpirically the combimation
4 !fp + g ng } directly fron experimentsl messurczents of

& 18
— = (P +— F2 2
T (Topt o o) 1E .1 (£

&t produotion angles © = 0° md 18¢°,
The kmovledgo of the two forn factors ’op and P:‘p
thus gained could then bo used 4n (1) and hence estirate

ezpirically the form factor ?oa .
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It is also interesting to observe that in the
osclllater nodel, the ratios F;p/T;s and Fép/Tbs
are linear functions of kg, It ghould be possible to test
this feature casily using the empirical kmowledge gained
of the form factors and thus serve &s an elegant check on

the model,

REFERENCES
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2) T Lauritsen and F,Ajzenborg-Selove, Fuel, Phys, 78(1966)



DIgcussIon

B.E. Joing First queotlon ip w»hat specific renctions
you have in mind to which you would 1ike to apply your
formaliez to study the radinl diotribution of oingle
nucleon in nuclei. Sccondly how the information
obtained from thie procedure cozxpares with that oxtra-

cted by the oingle nucleon transfer reactions.

8. Ramachandran: As I bave mentioned at the begining
of ny talk, pion scattering photo~production of plénu,
kapns ete, (as well as clectro~production) and neutrino
reactiont etc. are the types of reactions to which thr
formalisn could bo applied. It would be sdvicable,
however, to check for regions of energy nnd comentun
transfer in each of these reactions where the impulse
approximation would be expected to be goods I undor-
stand that expericentalists have ways of checking thinp
from certain kinematical requirements. A2 regarde the
second question, I do not think that the types of
inforantion that you get from the model I have been
discusoioning and that for single nucleon transfer
reactions are the same for the oimple reason that in
the first prodlem it is s single nuclecn that ie suppo-
oed to feature in the reaction where as in the reaction

which you refer to, it io a pair of nucleons that are

cupposed to be responsible for the reaction to go through.
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SPECTRAL AVSRAGFS FUR SINGLE-WICLEON TRANSPTH RFACTION
FOR NDITRON-HICH-MILTI-SYELL TARG T .;"ATRKSM:- 013

K«K+ Bensal
Departzent of Physics, Penjnb University, Chendigerh=14.

During the last meny yeers sum rules have beem
developed end used within the frazework of Shell Hodel
in nuclesr spectroscopy in, both for predicting atren=
gthsl’z) ond the nature of the residual interaction,
1sing dste on aingle nucleon transfer resctions. In
eontinuation of our basic vorka"”‘ we recently extrndeds)
the sum-rules methods to predict spectroscopic averages
of the spectra of the nuclel (Residusnl nuclel) obteined
pfter doing single nucleon trensfer reactlons on target~
states which have only neutrons in their pctive shell
end the nueleer resction (like Cat(med, @) sel?)
trensfers perticle to the ssce shell i.e. the trensfer
is thet of sn Equivalent Particle (Inequivalent transfera
hrve been deolth with earlier®)).

It is quite interesting ond ugeful to thecretically
predict spectroscoplc aversge of the spectra of the
residunl nucleas where the target hes core then one
aeutron-rich sctive shells end the incozing nucleon (or
hole) 18 sdded to eny one of these active shells.

For aingle nucleon trensfer reactions, the basic
sunm rules equations, incorporating the spectroscople
factors pnd the eaergles of the states of the resicual

micleus ares
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In equetions (1) end (2) /)r end 'Cr sre the

spectroscopic factors and energles of the states of the
residual nucleus (+ sign indicetes stripping resctions
end (-) sign refers to the pick up ceses). The symbo 1
lLE JoTgy Py= $*h. end [= JT refer to the enguler
momentum and iso spin of the target state, the trans-
ferred nucleon end the residusl state (State of the
residual nucleus) respectively; A"‘ and BP" ere the
properly symmetrized creation snd destruction opergtors
(for tﬁe first time used by Professor J.B. French) for
the nucleon anmd /\L’:‘kf) is the appropriate rank of the
relevent tensor in the product space. The quantum number
X, 8nd x ere designed to meke the target state end the
final stete unique.

If the target state ’”IBX.> has meny active shells
(occupied by neutrons only) labelled by FJU and P(
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labels the tronsferred nucleon, then equetions (1) snd
(2) lesd to the following result for the stripping end

the pick up cases. W l+)
Eu) _ -3 /“T‘r T
T L+)
Z A7 T
() {+& (e -2) gf”"‘) )
{Lz(p wefit U8 o
w0 &) £ W il [z””]}m
whete o
o W g )
pTuq) = -5 ~=~"(4)
T
Wy = GRS )
[£%) _ v FCT Ty
o tei) = (5™ 7o ) (6)
where

G s Loy

1.e. the nucber of pctive Nucleons &n the jth shell
awd - Eglti-t]) is the tvo body energy due to interscti-
ons of the mucleons in the Lth shell with those in the
Ith aheld L. 1t 15 {Mio%e [Hjleny)end $ty) o~d Ni
aregiven by
firy = (T =Yg = T lTen)
o= (ntv -
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and Tof is the iso spin gue to neutrons in the jth shell
F(RIZ) (is the residual interaction zero which)is defined
to be the energy of the final nucleus when the interac-
tion between the transferred nucleon snd the active nuc-
leons is switched off. Equations (3),(4),(5) and (6)
Teduce to the results for the single active shell case as
known by our previous workss)-

For pick up case we can pick up only a neutron(the

active nucleons in the target being neutrons only) and
sl

therefore only E;’ is attalnable; this is given by

=) )
= Arnkasg

EY =
L 2
T TT) I L—)
— =3 (V+5)) EE-)Ef(' i-C) + ELRIZ)
- -=-(8)
g ATT}

The denominator in equations (3) and (8) is given by
the well known Non-Energy weighteda”z) sum Rules.
Interesting -applications of Equations (3) and (8)

ere in the process of being worked out.
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CALCTATION OF XX RRL PAR? OF THY FUCLYON-YOIIITS OFTICIL POTEYYILY

B2, Xiévi” amd 2.2, Pook
Yuclear Nusice laborstery, Oxford

The real part of the eptical model potential for nusleem-cusleus
Boattering can be written s

T = [gtucsr)dy 8
*hery f,(:) 10 the nucleon dwmity distributicn snd v‘(q.x) 1s the
interouclemn potentinls Thle expression hav deen used very muccess
utly by Orventues, Pyle ma Tangt!) to analyee proton elastio seste
tering date for seversl nuclet wpto 20 Me¥, Kqn, {1) howerer, i»
cbtained without taking internuclem correlaticns into accownts Also,
in this for3 we carmot use reslistic bard cors potentials in eqn. (1),

In order to rezove thie deficlency we cmmider enly twodody
¢orrelaticns between the incident nuclecn md me of the targes zuslema
apd cbtain the sxpreeeim

Gony= [Sunite,rid @
for the optical model potentials Now fn this £orm we can usw realietls
hard core potentialee In ocur calculstions wa have usmd the Homais-
smnm e, Tor e tEbate datte She Tlvie v
beve used thy independent formitn xodel. Aod te casewlats the reactiom
wairix wy bavs used the refersnce spectrin meihod of Beibv, Prandor and
hhah-k(’). The paruretery -. sl )’n: the referenoe veve sqmticn

£ /wz X tr)
dr

= ,,,Zt)..(’) e )

*Prewsat adiresst Thysice Departwmt, Iadlan Institute of fecisalogr,
Xeopur~16 {0.7.)
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can be obtained by comparison with exporiment. In thbis way we find the
valuso o = 1 and f- 0.7 fm for these parersters. This value of ))
correspands t0 a healing di otance of 1.4 fm whioh is leos than the
internucloam separation dimtence at the centre of a nuecleug. Therefore
wo seem to be justifiod in considoring oaly two-body correlations in

our calculationse

Now as we can see from curve 1 in fig, 1 our ealoulation of the
optical model potentisl ip quite in disagreement with experimental
result at high energies. The reason for this gseems to be that although
at high energles the effect of Fauli exclueion prainoiple is quite small,
eqn. (3) does not reduce to that of scattering of free nuclocns, Now
the important contribution to the reaction matrix comes from smil
diatances. If we congider the following modification of the reference
wave equation 1. 2.2 - s

[d - Ltt) {f*//,e"?’ D-ke T T} 3yl

Art 72 ¢

2 i
[ (V- KT S g fin
(4)
we notice that this equation does reduce to that of free scattering
for smll values of re This incidently is in egreement with Moszkowelkd
and Scott(n. At large distances this equation reduces to the usual
reference wave equation. Egn. (4), nowever, has the advantage \that it

can be used in any spin-isopin state.

Vie bave obtained the energy dependence of the optioal model poten=
t1al by using the modified referahce wave equation to caiculats the
reaction matrix, and as we can see in figs 1 the result is in better
agreement with experiment. The ghape of the potential at & range of

energies, fig. 2y end the igoopin part, fige 3, have aiso beent obtainsd
1n this waye
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(o)
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el T 1 Refevence @uMmMM
r ¥
‘ —2 Modified Reference Spectm
ol Method
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FIG. §

Froteo Optical potentisl at the centre of fgb a8 & Nmoticn

of the tneddent euergy,
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1 3oMeyproten ensrgy {:’,: 'o.z?zf;
V(M) 2 300MeV protenenergy { ':‘_'::;ﬁ
s55|— 2 e
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FiG. 2

Protons optical potential for 2;:1’1: at 30 ¥a¥ and 300 MeV

coleulated with modified refersnce spectrum method,

30 MeVprofon energy
/40 2 RAN-=RP+04
3 RN= RP+o:8

12032
/00
go
éo

3

40
20

4

2 4 6 8 v{fm)

FIG. 3
Isospin part of tha-opticsl potential for aggb caloulated
‘for &lfferent neutron radii, HE, corresponding to a given

protore radius RPe
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s we cen sy that rvalintle internusiet potesisls fao be
ured $0 evalunts the real part of the optical model potential provids

one takes at Yeast two-body correlaticme {ato sdocowts

aference.

1+ 0.7, Oresnless, 0.7, 710 and Y.C, Tang, Figa, Fev. 171(1568) 111
2. 7. Ramsds sad 1,0, Jebmston, Muct. Frye. 34(t962) 382,
3o H.A. Batbs, B.H, Brendow and A.0, Petachek, Thyss Dev. 129(1963)
4, 8.A. ¥ortkomxt end B.L, Boott, Ao, Proe. 11(1960) €3,

DISCUSSION

e

li.h. Ganpulys  In view of the fact that you hnve taben
into 1ccount correlation, have jou contidercd the

effect of 'amtigymnetrl ation?

H.R, Lidwair Yeg, ve have concidered the antisyssr-
triontien of the incident pugleon vith the target
nuclronn,  wnln tives vige to the rar=lecud potentiadl.
e 1ind that th nen~locl patential $o very 12111

compared to the leeal - tenticl.
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¥.1l. Chatterjee
Bnha Institute of Nuclear Phyoles, Crlcutta

K. Oindro™", ;"“‘3 4", 8. yarar’
{r » fonjeau « HATar
B, Fernandes® and B. furk® '

ABSTRACT

The (t,) reaction on %70 hao boen otudiod
with 12 eV triton beam froz Aldermaston Van~do-
Granff. The data were rogictered in a multigap
magnetic opoctrograph, The work 1o otill in pro-
ceod, Proliminary data and their D¥BA analyses
indicate that the ptrongly oxeited statmof 2%%
chow good evidence of 2p~1h tonfiguratione.

’ + This work wac done at Institute Rudjer Boskovich
Zarxob in collaboration with C.E.M., Saclay.

*s I.,R.B., Zagreb,
® §.,P.N.B.E., C.E.N., Baciny.
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OPTICAL POTCNTIAL FOR DEUTERCR

5. %. EAVADDAR and BUPFOKASH VUXKHERIEE
8nha Instituta of Luclear Physics, Colcutta - @

I. INTRODUCTION!:

In a recont pnpu'(n it has boen propeosed that a
linear enercy dependence in the nucleor optical poten-
tial (OP) ianaginary depth may not be o good approxima-
tion as far as the deuteron OP for elastlc scattering is
concerned in the formalisz piven in (2). Moreover, it
is felt thst the nucleon QP paranaters should have
1rrger rodius for the imapinary part compered to
nuclenr radius, The OP parsmoters of Engelbrecht and
Pledoldey‘a) for neutron satisfy bath the require=ments
and {n thisc paper vwe study the deuteron OP genorated
sccording to the formaliem of (2) using nucleon OP of
(3.

1I. FORMALISM:
The OP parametera for nucleon used hers nre those
glven by eqns.{22) and (30) of (3) vhlch lnvolves expo-

nential energy dependence. So we naed matrix element M

Mz Cxol§Crm) e [ %0, .
vhere §£(7,)1s the nucleon OP forn fector, 'a’ is a
constant, Tpr i5 the K.E, operator for the raleative
rotion of neutron and proton in the deuteron and Xo is
its rround ﬂtl‘ile vavefunction vhich 1z genorally teken
as Hulthen form 1.e.,

%o C¥) = N ( P e"P’)/#
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The form of X,(¥)as given by eqn.(2) is
unsulteble for our purpose as operation of TJ’ for
M > 1 glves rise to 8(*7’) and its derivatives and M
£iven by eqn.(1) becomes divergent., So we choose

Ko ()= (e /m)hgme ¥ ™ o

vith o = 0.06 fm 2 and this form of Xo(v)is free

from the above montioned umsanted festure. It ig inte-
O Ty =Y

resting to note that e e i1s a Gaussian func-

tion In 7 as we can write

2 2 .
e—-‘(Y z,jo %(h) SLT:{‘Q‘Y d—k,

- T

(4)
T g (k) =IE. R exp (- k* /4w )
312 ’
Also _
ea.T-r S;-,\ka ~ exlo(a.tah'z/’m) S_L_%_lg, (6)
m being the nucleon mass.

Opersting both sides of eqn.(4) by e®*™  ang
using eqgns.(5) and (6) it is easy to see that

eaTy e-—c(? z is a Gaussian function.

It is now straightforward to write down the
expression for the deuteron OP for elastlec scatter-
ing(l,z).

The real part of the calculated potential is
fitted by

V(RY = —Vo/L1+exp (B-Roy] =
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and the inaginary prrt by
WIR) = =Wy /[asexp( R~ R")J

~ bW SCR)/ T 1+ scm_‘lz )

vhere
SC(RY= exp( R-Fs)
[

III. RFSULT; D_DISCUSSIONSs

In Fig.1 the angular distridutions for elastic
scattering of deuteron fron Ni at enerpgles 11.8, 13.5
end 21,6 HeV ars shown elong with the experirental
results; the corresponding pot ntial parameters are
shvon in THble I. We have caleulated frr several other
targets ag well, and the quality of fit 1s saze as
ghown in Flg.l. If, one compares the quality of fit of
our calculations and those of Perey and Parey“) then
it 18 observed that the goodness of our fit lles in
betwveen their "aversge geometrical perazetefs calcula-
tions" ard ¥six parrzeters varistion calculations®, 8o
wve conclude that the foraalicm used here can reproduce
the deuteron OP for elastic scattering sntisfactorily
with proper cholce of nucleon OP.
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Mukherjeey Nucl.Phys. ALG60, 655 (1970).

2, S, Mukharjee, 1b1d A118, 423 (1968).

3. C. A. Enrolbrecht and H. Fiedeldey; Ann.of Fhys. 42,
252(1957§.

4. C. M. Perey ord F, G, Perey; Phys.Pev. 130, 755{1963).
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Table I
BMaV) | Vo(HeV) | W (MeV)| Yy (fm) | ay,(fm) | Wg (MeV)
11.8 §0.0 2.8 1.240 0.88 14,1
13,6 48,0 3.5 1.245 0.87 13.7
21.6 40.0 6.8 1.260 0.84 12.0
For all casos: V¥ = 1.28 fm, a, = 0.82 fm,

Y5 = 1,41 fm and a, = 0,61 M.
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PHOTOPRODUCTION OF CHARGED PIONS FROM 12¢

K. Srinlvasa Rao
MATSCIENCE, The Institute of Mathematical Bcience, Msdrae.20

and

V. Devanathan and G N § Prasad
Department of Nuclear Physics, University of Madras, Madras.25

ABSTRACT

The photoproduction of T'* from 12¢(ot, g »,) leading to the
five bound states JT = 1%, 2% 27 1", 37 of 12D and the photoproduction
of from 12C{o*, g. 5.) leading to the ground state of 12N(JT = 14) are
studled by means of a transition operator obtained in the impulse
approximation , assuming the ground state (g, s.) of 12C to be sphert-
cal and using the particle.hole wavefunction calculated {n the Tamm-
Dancoff Approximation by Gilet and Vingh Mau(1) for the final nuclear
states of 120 and 12N, The volume and surface production mechantsms
have been used in the study,

The total cross-sections for 12C( Y, ‘ﬁ’*)“n (obtained as a
sum of 'partial’ cross sections) and 12C(‘(,’IT'-)lzN exhibit & smooth
varlation with incldent photon energy in the case of the surface pro-
duction mechanism, We polnt cut and emphasize that the reaction
uc(y'-‘f)lln {s most favourable for drawing deflnite conclusions
about the mechaniam for photoproduction, since the only final nuclear
elate which {s stable against nucleon emission s the ground state of

12057« 14) tn this case.

1. V. Gillet and N. Vinh Mau, Nucl, Phys 54, 321 (1964)
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PHOTOPRODUCTION OF PIONS AND THE GROUND STATE
WAVEFUNCTION OF 160 :

K. Srinivasa Rao
MATSCIENCE, The Institute of Mathematical Sciences, }Madras.20

and

V. Devansthan
Department of Nuclear Physics, Unlversity of Madras, Madras.2$

ABSTRACT

The existencea! ‘deformed’ components in the ground state
wavef{unction of "’O, predicted by Brown and Green(”, has been

recently confirmed by Purser et .‘(2)_ ¥e study the effect of these

two-particle-two.hole correlations on the reacti

Y + 1600, g. 0.}t ¢ 1ON[07, 17, 27,37, bound) ........ (1)
From our analysis using various particle-hole wave functions for the
bound states of ”’N, we draw the following conclusion: Without
Invoking the phenomenological surface production mechanism, a better
agreement between theory and experiment for {1) can be obtained using
the Kuo wave-functions with screening for 16N states together with
the deformed ground state wavefunction of 160 obtained by Purser et al
{from an analyeis of the 16O(d, 3116)1 5N experiment,
1. G,E. Brown and A, M. Green, Nucl, Phys, 75, 401 (1966).

2, K.H. Purser, W.P. Alford, D. Clines, I, W. Fulbright, . E. Gove
and M. S, Krick, Nucl, Phys, Al32, 75 (1969).
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DISCUSSION
N. Sarmas How are you sure it is a (v, 7T+) reaction?

K, Srinivasa Raos The incident photon energies are

above the threshold for pion production. In the ex-

periment for 160( T,ﬂ*)lsN, Meyex-: et al, (Phys. Rev.
138, B1421 (1965)) measure the 6,14 MeV 7V-rays in 160
shown in figure below. Though they do not look for the
outgoing pion, the reaction kinematics ensure pion
photoproduction, and the eéxperimentalists, I believs,

are sure about thls,

3° (Mev)
] 0:392
0-295
012

-

8-88

¢

Level scheme for the reaction 16¢( Y,'ll_*-)le and subsequent
decays., Solid upward arrows on the left show the photon induced
transitions, while the solid downward arrows on the right indicate
the /3 -decays with branching ratios and the wigply arrows show
the )~ -de-excitations. The experimentalists measure only the

6.14 MeV Y -rays in 160,



PHOTOPRODUCTION OF CHARGED PIONS FROM
T, Sty anp b0ra

V, Devanathan and G. N. 5. Prasad
Department of Nuclear Physics, University of Madras, Madras-28

and

K. Srinlvasa Rso
MATECIENCE, The lostitute of Mathematical Sclencas, Madraa.20

ABSTRACT

A good agreement between theory and experimant was
obtained for the reactions l"O()’. TI’)“N and “D( Y. TTfl"Du. for
which the final nuclear bound states that are stable agalnst nucleson
emission are well.known, Here, we extend cur calculstions to & few
more reactions of this type: 2TAI( Y, T 127Mg, SIv(r.T* 5411 and
6o1( v, 77'-)6°Cu, for which experimental dats are also available.
The final bound states of the nucle! 27Mg, S1T{ and 60Cu that are
obtained {n these reactions, are the low-lylng states which are stable
againat nucleon emisslon amd for which the complete information
regarding the level scheme and spin.parity assignments are not
available from epectroscopic data, It is suggested that the reactions
of the type A(Y. TT";B can be employed to extract {nfor mation regarding
the Jow.lying states of the nuclevs B which are stabls sgeinst pucieon

emiseion,
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EFFZCY OF VILTIPIE GCAQAI:‘RIII; ON FOSITRON-BLICTRON

IGES
R.X. Batra, R.C.Grover ard M.L. Sehgal

Physics Departzant, Aligarh Mislis Univonlty, Aligarh.
1. IKTROMUCTION

The measurecents on the ranges of positrons arcd
slactrons performed rocently by Tnkhnr(”uung coinci~
dence technique and those reported earlier ¢ 3)1:-.11““
that the ranges Rt(T) i3 2 decreasing function of the
ate=ic nuzber of the absorber. As yet, thers 1s ro
concrete theoretical interpretation te the measured data
on ranges. In this paper, we propose to tackle the prob-
lex sexi~theoretically.
IX. [FROCTDIRE

According to the centinucus-slowing-down-approxi-
nuuon( 4) the c.8.d.a. range 1s given by

Rin = S(Hw«)m Tar e w

o HAE), = -HEE) e

The upper and the lower signs corracspond to positrom
and electrons respectively. The standard expressiorcs of
the energy loss of electrons and positrons dus to colli-
alen and bremastrahlung loss are available in the lite-
umn55-5 ) Since the expression for the total stepp-

irg pover 1s very rigorocus, the integral in eq.(i) can

+ University Polytechnic, A.M.U. Aligarh.
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bo svaluated eithor nuzerieally or empirically,
Eerger and ucltocr(d)navc calculatad R (T) by
solving eq.(1) numerically. However, we have uced
ouyr empirical relations(? Jto find out RE(T). The
c.8.d.a. range thus obiained for a given.cnoray T,
inereases with the higher value of 7, tha alonmic
numbor. Thus, 1t is concluded that the c.s.d.a. ranges
do not explain the experinmental ranges,

thile passing through matter, clectrons and posit-
rons undergo both clastic and inqlastic interactions.
We know that in the treatmnent of the c.s.d.a. ranges,
tho inolastic interactions have becn considered alone.
Larpe angle Rathorford scattering in the course of
penetration 1s a rare event but small angle multiple
gcattering, especinlly near the end of the electrons!
range, introduces large deviations from the electrons'
stralght path.

The method of applying multiple scattering consis-
ts in expressing the mean square angle of miltiple
scattering as a function of kinetie energy_T =(¥~0huCF
and then naking use of the Wilson's(S)assumption that
the electrons move in the initial direction t11l
their energy drops to a value -for which the calcula~
ted value of < 9’”> has attained such a large value
that the electrons thereafter start diffusing in a
randon way vhich contributes to straggling only.

Lot <‘€*?;> represent such an angle.
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When eloctrens traverse through a foil of thickness
‘dx' and N the number of target atoms per c.c.; the

mean square anhle of nultiple scattering(g)is glven by
X anJ- d.xj 0 o0 Limg do ---- (3)

vhere U—(9) 1s the elastic scattering eross-section end

9)

Og the screening ansle(n Substituting the value of

'dx* from our empirical. relatinns(7)nnd integrating
2q.3), we obtain { G2 in teras of the total incident
energy Y, and Y the energy of the electrons at an ins-
tant of penetration, The clrcunstatice of the experiment
of transmission of electrons is that the projection ¢
of the total scattering angle D on the plans containinlg
the initial trajectory should bs considered. It is easy
to prove(®) thatl (d’i): { 9") « Fron tho defini-
tion of the transport mean fres path togethar with the
Wilson's assunptlonta) 1t follows that(G() & end
hence < 4)() 1. mnis simplification permits to
conpute T,. . So, for an incident kinastic energy T of
electrons, Tr can always bo computed. Subracting the
c.8.,d.a, R(Tr} from R(T), we find a quantity which is

very close to the experimental range.

III, CONGIISIONS

Multiple scattering correction reduces the c.s.d.a.
rangez of electrons. The similar correction for positrons
need further fnclusion of the differentiating term bet~
ween positrons and electrons in the general expression

of (9"‘) The calculations on this basis has yot to
dons’.
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v amoEPTION 12 12304
D. Chattargt

Departoent of Fhysios, Visva-tharati Uaiversity,
Santiniketan, West Bengnl.

Prow & recent eurvey of kaonic X-ray intensities for different
stops, Wlegand and Kunselaman [1] heve coneluded that muiclesr ratter
« vory probably neutyons - extonds further than the cherge dictribae
tion. By using the intensity of the last X-ray transition observed
1n & given eleent av a bullt-in calibratieon for the probability of
nuclear X espture in its upper ordit, they eade quantitative esti-
mates for the correaponding capture rate. For exarmple, in keonic
gotolintun 35704 the expertrentelly ealibrated capturo rate from tha
74 ozttt (aaT, {6) turms cut to be 1.2 x 10* seo™, Uatng &

Yoods-Sexon distridution for muclear matter

f’(r = ____fg.)—————— 3 ()
L+t exp (~Ro/t)
a theoretical estimate of the ospture rate was approximated by the
everlep integral
- W 2 > (2)
?ur = -ﬁ-ff’(r) R,,,"-j_ ridr.

¥, the imsginary part of the K -nucleus opticsl poteatisl, was
chosen to ba the "convenlently rcund figure™ of 100 MeV on the
aseusption that its precise value would not be materisl to the
question of nuclear satter distritution. 9\1, ne1 18 the noszalized

Aydrogenie rodiel wave-funstion for K« Mith identical paraveters
for protons end neutrons, 1.8 [(0) = 0,14 muslecns per PJ,



.
i T

R ~1.07 AI/S}‘, & = 0.55 Fy Wlegand end Eunnelesn obteined a theorge
tienl onpture ynta of 2.5 x 10“ nc-a-l, rvhich in n feotor of 50 lesg
then the enlibrated rate. In trying to bring tho theoretiesl estirate
into rereemont with the experiosnt, the following pointe were made.

(1) ¥ ir o =tplylng fastor end ennnot nccount for thig dis-
erepanoy.

(44) ¥nonn react about equally on neutrons and protons through
the renctionn E 4N —+ hyperon + plon. Since the proton distributiocn s
well—loter=ined through electron-seettering exparicents, the above
dincrepancy 4n deo=nrd to 4z=ply e neutron tatl uxtnndi'ng beyond tho
conventicnnl nuelenr surfage.

Yo winh to polnt out here that the rrznitude of ¥ in quito rele-
vnnt to thin ealenlntion. The poasible range of valuen froz 30 to 300
UaV cited by the authors in iteelf introduscaes an uncertainty aszounting
to n faotor of 10. Yoreovor, the points (1) nnd'(ii) nbove are quite
closely releted, beocause ¥ depends on the losginary parts of a, and .1'
the nocttering longthn for the I=0 end I«1 iseapin channolse It so
happens that In &, = Ie 8, » 80 that Ino o, = In-?-ggil— and the oross-
meotions for the K n and K p channels are nearly equal [2] o This
pakes W approximately proportional to the imaginery part of a, the
averege of &, and o4, which is far from arbitrary. In fact, the

0
senttering lengths are strongly cocentun -~ dependent and even an

approxizate calouletion must {i{e theno to the nuoclear Fermi momenta.
Following previcus studies [3] , we have used an average relative
rponentun of 160 Us¥/¢ for the K ~-nuoleon system, for which the

effactive K -p oross-nsotion 0“p-338 rb and the effective K -n

v e
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erves-geation G'“-155 wb. Correspondingly, 2 » the average weigh-

ted E-nusleon cross-section, is given by

G . 2K
T = = (3)
where
W = (77- zc, HZY Mev. w

Another important point is that 157{;«1 is & sirongly deformed
nucleus with & quadrupole moment of 2,05 barns. Writing
R () - &, [1+ Br; (6.0 (5
a2d using the approximate expansien
1 _ 1 Y, ex (n-'iz, ‘&)
TF exp(r-R(@/a) = THexp(r-R/D) ALRAL ‘P>[L+ exple- R/j

it ein bs ghown that the quedrupols tern makes a quite lerge contrie

tution to the cepture rate. Using ideatiecal paradeters for the
Reutron end proton distributions, namely, ((0) = 0.14 nucleons per
P, 810135 and o = 0,55 F, Le0. the values used by Wiegand asd
Funselman for the proton disiribution, we get P -4.oe x 10 6 su
Since the eslibrated rate of 1,2 x 1016 1 providcs, after all, a
lower 1irit for the actual value, we can see that even such e rough
otlculation agrees fairly well with experiment. Using the more
realistic valve of B, = 1 AIUP characterintic of heavier nuclei,
and surfece thickness & w 0,523 F for deformed muclei [4], the

8lightly lower espture rate of 3.6 10t &

ee™) 1y obtained. It
seena, therefore, that thare is no need to postulate a neutron
distribution with parameters different from the proton parameters

in order to explain the experimental results. In partieulsr, since
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these parametors are the quantities under investigation, it is desirs-
ble that the other varisnts in the model be chosen as realiatisally
as possible bofore definite assertions ean be mgde about the distri-
bution of nuolear matter in the surface region.

A nore detellod esleculation slong the abore lines is now in
Progress and will be reported shortly.

The author would like to acknowledge soms helpful discussions
with B.K. Taelukdar.
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PHOTODISINTEGRATION OF THE ALFHA PARTICLE

R.L,Yadav, D.Mahanti and B,K,Srivastava
Department of Physics, Indian Institute of
Technology, Kharagpur,

In the present paper we calculate the integrated
and the bremsstrahlung~weighted cross sections for the
photodisintegration of the alpha particle using the sum
rules of Levinger and Bethe“) as extended by Rustuogl
and Levinger (2] We have used the velocity-dependent

(3 which containg a tensor

potential of Nestor et.al.
component sleo:

The form of the Nestor (3)two-body potential is
uy= [+ { (B oyer g e nswr ot s] | w
where index j stands for the four parts of the interaction
singlet even, singlet odd, triplet even and triplet odd,

The ground state of the alpha particle is described
by the Irving wave function'®) wnich contains a mixture
of the ‘S. and the  principal D, states. The values
of the wave function parameters are obtalned from a
variational calculation of the binding energy of the
alpha particle .

Foldy U’has shown that for a nucleus whoge ground
state wave function 1s completsly symmetric in the space
coordinates of all the nucleons, bremgstrahlung
welghted cross section o 1s given by

q- i) 6 B v



Whare <'¢’>N is the moan square charfe radius of the
alvha particle. Using the parameterg obtained, the valus
of the root moan square chargfe radiva for the alpha
particle comes out to be 1.41 fm. which is quite close
to the experdimentnl valuo of 1.4L4 fm. obtained Lrom
alnctron-helium exporiments {6} Eq. (2) then gives
0L 256 wh, (3)

The Intrrrated cross section 0., in the electric
dipole aprroximatien is proportional to the summed
oscillator strenpth 5#

2 '1
SRS
inl M Z‘e-

We evaluate different ratrix elements in eq. (4) using

)

the Interral transform (7)

cxplrav)= gmr*fjs ext[-@Yus)-sv2] ds )
The intepratico: over the transformation variable § is
carried out nunierically. Finally we obtains

3.
Tla= 2t ek {Ho 1612406354 (x4 -L~a)+onuaox} )

Where x and y are reapectively the fractions of
Majorana and Helsenberp exchmuge forces in the central
part of the static potential while x' is the fraction
of the Majorana exchange force in the tensor part of the
potential.

Assuming xe=x’ , we get

93,2 MeV mb (for Berber mixture)

i

Ry
108.1 Ne¥V mb (for Rosenfeld nixture)

1

Table I shows our results along with those of other.

wnrlera,
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Table I
Values of the integrated and the bremsstrahlung

welghted crosa sections for ‘ma.

[

Reference Oint  (MeV mb) b (mb)
Sitere  mivaned

Present calculation 93.2 108.1 2.56

Rust gt and bevingbd 86,3 102.0 1.23

Goldhammer and Va1k?? 107.0 - 2.7

Srivastava and Jahse) 101.0 123.0 3.08

Experimental (a) 95+ 7 240+ 0,15

a) Ref;{2) Using tensor potential without hard core,
b) Ref: (9) Using tensor potential with hard core,

c) Ref:(10) Using central velocity-dependent potential,
d) Ref: (&)

A comparison of ow results with those of previous
calculations shows that our results are in better
agraement with the experimental values of Corbunov and
Spiridonovw.) Also comparison of owr results with
those of Goldhammer and Valk(g) astablishes reason&bly
well the equivalance of hard core and the velogity-

dependent potentials. in photoeffect calculationsa.
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STUDY OF THE TWO HOLE GIATES IN 20 NUCLEUS witd
THE (%7, nn) REACTION

B.K Jain
Nuolear Physics Division, Bhatha Atomic Research
Oentre, Bombay.

It is known now that due to kinematical oonsiders-
tiones the absorption of negative pions on nuclei takes
plaoe preﬁcranttnlly onhigly ocorrelated pairas of nucleona,
It is therefore expected that the process oan be used to
study dynamic correlations in nuclei. Reactions like
(%y §¥) may aleo be used to study the two hole states in
nuolei. For the latter typs of study it ie more useful to
employ 8 semi-phenomenological prooedure for the absorp-
tion process. With this idea, using the two nucleon absor-
ption model of Eckstain”, we daveloped & tomaliumz) to
study these two hole states. The present note presenis a
sioplified veraion of this formalism and uses it to anslyme

the redent available data on the ’20(7(',111:) reaction,

The reaction croes-section for the absorption of a

plon from.a 1Borbit ie written
o Py (1)

where € ie the phase space factor. The matrix element

"ﬂ consiete of two terms and is given by

My = [%OGO + (a0 %51] (2)

Here (7, 1 vro/ri Y, ) ie the 1eo-spin Olebach~Gordon
coeffiotent, G, and 01 correspond respectively to the



= | S0

contributions from the T = 0 and T = 1 states of two
nucleons in the nucleus. &, and g, are the interaoction
paraweters which are obtained from the analysis of plon
production reactioys at threshold; their values recently
obtalned by Figureau and EriosonB) from the analysis of

experimental data are

| &) ® = 046420.05 £n°,ana, |g;| %= 0.15540.08 fa®

Ao we see from eqh.(2) T = O and T = 1 terms contribute
coherently. Therefore, the computation of Mfi demande the
knoﬁledge of the relative phase of 8, and g, It is not
poesible to get this information from pion produotion re-
actions., However it is not necessary to know the relative
phese of g, and g1if either the initial or the final
nuclear states have zero iso-spin. In that case the con-
tribution to Mg, will come only from one of the two valwes
of T. For these nuclei we can therefore write

| 9] = l&ol® |Gl % for 2 =0 )

and,

gy 12 = (71 Vg | Ty vp)* | ] ? Joy] Ptor =1
These eguations are applicable to the absorption reaction
on most of the even mass number nuclei (viz.QLi,120,160 etc}
Again,if we consider the back to back emission of neutrone

the expressions for Go and G1 are very much simplified.They

are ag followst

2
6, 2=k X (2J+1)"\L29{ﬁ(n 8 = 17 1=0)(L10M ||

dyli=+1
eee (4)
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log) 2= k23 (20e) | 9 sa(x8e03 =02 |2 )2,
J=L
wheve

=% -» *-9
FL,O = Sdi xUﬂ;'lQ) XHL khz) ‘P‘-.O\a'a) ¢ﬁ(£)‘ (5)

yﬁ is the epeotroscopic smplitude and measurss the pro-
bability of taking out two nucleone with quantum numbers
(L8JT) froz tne initial nuclear atste i and leaving tue
reeidual nucleus in state f, 'x'a ara the distorted waven
for the two nsutroms, T{ (= (31 ——{&2)/2) i the momentun

veotor conjugate to the position vector of two neutrans.

i=0

and epin, Jl = 0%, The simplified expressions {3) and (4)

120 nucleus in its ground etate has 160-epin,T

are therefors directly applicable to it. Recently Cheshire
and Sobnttka” ‘20- In

tois experiment thay obesrve the peake 4in the excltation

roported tne (A ,nn) reaction on

emrgy spectrum of wB corresponding tQ the emission of
nuoleons from (1p)2,(1n1p) and (18)2 con? igurations, We
have analysed the emission from (11:)2 configuration. Using
the wave functions of Boyux-'kina”for ‘20 and wB the rela~
tive strengthe of the peak croge-gection to various exoited

states ot 19 are as followss

Exc.Energy O 0.797 .74 2,95  3.59 4,72 5.16 5.5
{MeV)

3.1, 3% 1to ot ate 2% 3o 2h 2t

Relative 1

Strength 23 45 108 ~0 ~0 ~0 2

From thie we nate that a goad resoliion experiment should

snow the etructure of taree peake in the * 1p)?



perk ocorronponding to the fi~ . three exoited states of
’OB. Theix ntrengtho would roughly be in the ratio of
11214, Por the prosont nnalysio we have oompared the
oxporimontinl ororn-pootion with tho summed oross~sootion
for thene throe ntntoo. Thin ip oshown in fig.1. The
ngreemnnt 1o onticfactory. 1In order to estimate the
nff{oot of dintortion ot outgoing noutrons by the residual
nuclouo we have alvo plotted in fig.! the result from a

plano wave annlysie, Tho introduction ot distortions

roducee tho pesk cropos-section by o faotor of 2.6.

It {o inmportant to note the mgroemont between
oxporiment and our results which consider absorption from
only the 138 orbit {s in contradiction to the inference

6)

tron pi-rnooic X-xray data ’,

The X-ray data uuégoct that tho absorption from 18
12

and 2p pionic orbit ie comparable in fi. While analysing
thelr (x ,nn) date Cheshire and Sabottka also reached the
pane conclusion ag ours. They were, however,not oonfident
of their findings ae tho scattering of outgoing neutrons
by the residual nucleus could not be computed in their
formulation. Ibp order to estimate the quantitatively the
fractional eontribution of 2P orbit to (X ,nn) resotion,

caleculatione are in progress,.
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DISCUSSION

G. Ramachandran: I wish to make a couple of comments

1) that the (T7,wnn) reaction is akin to the single
nucleon transfer reactions that you referred to which
needs a couple of nucleons in the nucleus to partici-
pate and therefore there could be a greater amount of
similarities between types of information that you get
from the reactions that you discuss and the single
nucleon transfer reactions ii) Although the cross
section for the (1, nn) reaction involves the Fourier
transform of the relative wavefunction of the paif of
nucleons, it may not be possible to empirically extract

information about the nucleon-nucleon correlations from

the experimental studies. I think the situation here

is akin to what I have come across in a discussion of
double charge exchange reactions (Nucl. Phys. 87, 107 -
(1966)) where integrals of this type over the two

nucleon wave function occur but the Pourier transform

gets once again integrated with respect %o the momentum

transferred.

Your results seem to indicatc that the

V. Devanathan:
If

final state interactions are not very important..
it is in contradiction with the findings of

ax that the final state interac~

that be so,
Eisenberg and LeTourne

- ar
tions are much more important than the two-nucle

correlations within the nucleus.
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B.K. Jaint No, this is not true. Our results indi-
cate that the shape of the angular correlation of tha
outgoing neutrons i1s not much changed by the final
state interaction. The magnitude of the cross-section,
however, s reduced apprecisbly. Therefore I don't
think that our results are in spparent contradiction

with that of Eisenberg and LeToureax,

P.P, Kaner The pi~mesonic X -ray date establish very

well the rate of absorption of the pion from the 2p-
state. So the precise significance of your remark
that this state does hot agree with the absorption rate

required by your model is not clear.
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TRITON KNOCK-QUT FROM 71}1 HUCLEUS

A.K. Jaln and Ne Sarma
Bhabhz)lmX%z;f oy%ggﬁgier’ii&:ﬁ? +Bonbay-85

Enock~out reactions provide information ebout the
womentum dietribution of the particles within the target
nucleus., Direct observation of the clustering effects in
nuoled should therefore be possible through knockeout re~
actions euch ae (p,pd),{p,pt),{p,px) and {e,2 ) reactlona,
The analysis of the reaction 61’:5.(;),;:«1)4}{43 in terms of the
cluster model of 6L1 has been very euecessful(’) end en~
courages ne o analyase the TLi(p,pt)‘He reaction using a
(o+ t) cluster model of 711, Data on the 7L1(p,pt)4ﬂa e~
action {8 available at 55 MeV incident energy from Hendrie
at.nL(2). Theee resulte have been anaslysed using a plane
wave impulse approximation but a detailed analysis has tobe
carried out before & definite statement can be made about
cluetering in 7L1. Such a detailed annlysis reguires
firatly, the antisymmetrization of the target wave function
Seoondly, as has been polnted out in many diecussions,the
interclueter wave function should have the correot ssymp~
totic behaviour. A wave funaotion with the correct asymp-
totic behaviour hze been used in thie work and wé find it is
of great importance in the determination of the angular
distributions of the emitted particles. However the use of
euch gorrect wave functions credes computational diffioul-
ties. Pinally the interaction of the incident and emergent
particles with the initial and fipai nuclei has to be in-
cluaed through the ume of distorted wavee (1.e.,
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DWIA matrix eloment for the transition is then given by
Big(3oks) = e (VTP S (0o-m)| ¢

= Ype (V) %‘ij.(cf/_,b) >
tpt(q) is the free p~t socattering amplitude and is a fun-
otion of the momentum transfer q while gif(g,]£3) ies the
momentum transform of the overlap integral of the final
state with the initial state and is a funotion of q and tle
recoil momentum _k_3. The initial and final state wave fun-

ctions '\I’i(+) and \F—f»(-) are given as follows,

) C
¥, = N 302205561 X (Ron o)

V7 = N @ (1238) BUSEDX T Row, o) (e, R).

The X 's here are the distorted waves and ®'s are the waw
functione of the bound systems. The wave functions of the

target nucleus is given by

<I>A(|a.34; 567) = A {LPA(ll?:L*S 567) gA(\ 23y ;sev)} ,

§ and Y are respectively the spin and space parts of
@ and A 18 the antisymmetrizer. The space part \PA ie
expressed in the oluster model as a product of the intemsal
wave functions of the olusters and the intercluster wave
function. The form of q)A as given by Tang et.al(a) i;a
q)A(lzau-,sm): exp {—%é&"-% i e;} PR)
€'s are the coordinates of the pazggfolee with respect to
tne centres of mass of the clusters, amnd CP(R) has the form
R3exp(- —g—- YR'?) Y‘Pld(_lli). The paremeters o, (5 and Y were
obtained by variational calculations. Using a partialwave

expansion for X'e and summing ovér all the spin functions
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and integrating over internal coordinates we get

(85 = i} Xg,‘_((AR){B“(R)~3§E(R)+35° L8 (W] ax

Hare xg'xa(ﬂ) comes from the three distorted waves and g
part of bound wave functions on summing over the partial
wavea. The aubsorlpts NE,SE,DE and 1% correepond to no,
elngle, double and triple excharge af particle coordinates
in the alpha and triton cluster wave funotion of the targst

nuelsus,

To obtain the correct asymptotic behaviour,we have

used an intercluster wave function

PR) = Rexp(-5VR) , R ¢3534m,

= A A -

= (g + &‘R’) exp(~fR) , R>253fm
The psrametatj— {- (2/"1;@ By o /%> )V’} corresponds to the
X ~t saparation energy E, , = 2.47 Ke¥, Mew 18 the re~
duoed maes, In order to evaluate the exchange terms, 1t is
found necessary to expand this correct intercluster wave

fupction in terms of a series of Gaussiana.

The numerical evaluation of the results is in

progrees for the 55 MeV data.
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POSITRON-ELECTRON SOATTERING OROSS~SECTION

M.G. Shukla end M.R., Bhid
Department of Phyaica
University of Poona, Poona~7

ABSTRACT

In order to verify Bhabha exchange term and to
find the ‘croen-ﬂectinn at half energy transfer, mova-
vle scintillation counters are used to increase the
agouracy of measurements of coincidence counte. The
gazma ba;:kground from the source was reduced consi-
derably by us‘ing a 60° double focussing sector magnet
vhich sleo helped in selecting the beam energy.

The posiiron-electron scattering cross-section
1e not symmetrical about half energy transfer. In
addition to the epin interaction found in Moller
formule, Bhabha-antdicipated an exchange interaction
dus to virtual annihilation. This is a contribution
to the scattering cross~section arising from virtual
ennihilation and recreation of a positron and an
electron which go off in new directions, The net

result will be scattering.
The results were corrected for multiple-seatter—

ing, amihilation of positron, decay of source, lotses

due to mbsorption in the foils etoc.
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The Bhabha~formula is verified with an
acouracy of ~ 8%. The ratio of electron-electron
to positron-electron scattering cross-section was
elso verified both with and without the exchange
effect., The results are in good agreement with the

Bhabha theory.
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ARALYSIS OP (p,2p) AND (e,e'p) REACTIONS ON 120 RUCLEUS
R, Bhanta and B.,K. Jain, Kuolsar
Phyeics Division, Bhabha Atomic Research Centre,Trombay
Recently there has been some contusion due to the
reports published by Boffi et al., and Epp et al,, adbout
the analysis of tho (e,e'p) and (e,e) reactions on ‘20.
They observe that the bound otate wave tunctione which fit
the (e,0'p) data do not fit the (e,s) data on the esame
nucleua. This ie in contraediction with the observation of
Jatn and Jackson who concluded that if the distortion of
the incoming and outgoing protons is taken into account
properly the wave function which fits the (e,e) data a&lso
fite the {p,2p) on tne esme nuclous. Their enalysis how~
sver wae restricted to {p,2p) data in the incident proton
energy range ot 155-185 MoV, Recently Simpson et al,,have

129 at 16ev. Data at 460 eV in-

reported (p,2p) data on
cldent ensrgy are already available in literature. We,
thererore, have analysed in this report these high energy
(p,2p) data on 124 along with the (e,e'p) data at 600 MeV
of Amaldl et al.,using the single particle bound state
wave function of Elton and Swift. These wave funotions

\were derived to f1t the '2C(e,s) data.

The cross-section for the (p.Zp) reaction in INIA

ie written an

dy - Eode P
RIS s, p (1)

Here P iz the kinematioc factor, ﬁ is the free

.Pmton-proton cross-pection rad P ( ) 18 the distorted
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spopding expesrimental points for the (p,2p) reaction at
460 MeV and 1GeV energies respectively. At 460 MeV we * pee
that the shape ot the oroes-seotion is correctly repro-
duced. At 10eV the experimental momentum distridution
peaks around 150 MeV/o while the theereticsl distribution
at 100 MeV/c. In f£ig.3 we have plotted the (e,e'p) crose~
section in arbitrsry unite. The positions ot the experi~
mental and theoretical peaks are at 70 MeV/c and 110 KeV/c
respeotively. The experimental tull width at half maximun
(F¥EM) in the (e,e'p) reaction is however in sgreement with
that of the theoretiocal curve. The spectroscopic factor
from the (p,2p) reaction by normalizing the theoretical
peaks to the experimental ones are 4,76 and 9,74 at 460 MeV
snd 10eY respectively. The correeponding value from sum

rule ie 8.

In the (e,e'p) reaction since tne FWHM is the mane
for the experimental and theoretical curves the theoretical
curve will fall mostly on éxperimental points it all the
experimental points are displaced towards the right hand
side by sbout 40 MeV/e, Hence before any definite conclue-
100 is drawn from the shift of the theorstical peak froa
the experimental one new experimontal inrormation on this
reaoction is highly desirable, In the (p,2p) reaction at
1GeV the shift ot the experimental peax towards higher
momenta may be due to the rather short wave length (  0.15
fu) of the projectile, This calls for the inclusion or the
effect of the phort rarge correlations in the treatment of
the scattered protons, Further investigation of these

obaervations {s in progress.
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DISCUSSION

. K. Ganguly: You have distorted the proton wave, What effect

would tho distortion in the cloctron wave wowdd have,

R. Shanta: It is hardly effective since lqt ip a pure rlectromagnetic

intoraction,

V, Devanathan: I would like to comment on ar to why the diatortion

effocte on the electron wan not constdered, It may be pointed out
that the perturbation theory works admirably well for the electro-
magnatic interaction, In the case of electron scattering, the first

term i. e. Born term should be quite sufficient aince the second term

1

would be smaller by the sguare of the coupling conatant, viz, .
137

and as a conscquence its contribution is less than \ 9,

I wish to make another comment, The author bhgs used
esrentially an impulse approximatian and obtained the nuclear cross
nect-i-on in terms of the electron-proton cross section, in this
treatment, off-the-cnergy shell effects are not properly taken into
account. I have studied this process carlier (Aan. Phys. 1967) and
therein I have pointed out that the momentum dependent effects of
the bound nucleon may be correctly included by uring McVoy - Van
Hove effective Hamiltonian for the electron-proton interaction,
Although, I have used a planc-wave approximation {or the outgoling

proton for simplicity, the distortion effects of the emited proton

wan taken into acceunt recently by Ehband Griffy (Phys. Rev. 1970).
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COWIGURATION MIXI!G vs., EPFECTIVE SUELL MODEL
Raj E, Gupta end Ram K, Bangal
Departmont of Phyaics, Panjab University, Chandfgarh-lf,

In recent years, ons of the cutstaniing problems in
fuclear spoctroscopy has been the demand for 'gocd! meclsar wave-
functions—- a dexand which may or may mot be met with the upto-date
theorstical toola. In ths shell medel caleulations a choice of
confipiration epace, which determires the amount of configuration
wixing, is irtimately related to the quality of shell model wave-
functions, Thls cholcs, however, 1s always dictated by certain
practical considerations; 1.0. elthsr by the avallability of only a
fewer sirgleparticls excitation energiss or the dosira to limit the
aize of the Hamiltonian mtrix, Specifically, the nixed shell modsl
calculations have been dom with the configuration space, mixing single
particle orbitals upto 2.5 ~ 3 MeV excitations such that ons has
remined comtented with the corsideration of non-mixed parity
configurations (only positive or rogativa parity states) and the
perdictions of the structure of low lyirg mclesr states coly. In
general, tha choice of configuration space and yesidual irteraction
which shall give a good wave function for a particular miclsus, Mas
always been & problem in stpll model ard efforts have tcen mde to
sirplify this situation,

In ¥iew of these gensral corsiderations, Cohn, Lawson and
Soper(l'z) reported a caleulation based on the socalled pseudo-miclel,
and thus put shell rodel to a critical test. They considered rodels of
two 1salated, degensrate single particle levels {in om case(l)mu’bmn:
nldy . 12, ,, orbitals and dn tho other(2) both mutrons md protens
lnlpi, 1a, /2 Orbitals ), solved them exactly and treated the results
83 'pamudo - experimntal! data, This way one had a set of (izaginary)
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miclel vhose configuration is exactly known and its comparison with
& second calaulation using the effective shell model approximation
(in terms of an inert com----lcl3 /2 in ome case and lpé in another) was
soughts It was reported that not only the low Iying levels of
appropriate parity have their spins in agreement with the effective
shell model. configurations but also many other muclear propertiaa.auch
as binding emergles, magnetic morents, Ml transitions, log £t values
for [3 —dacay, the single nucleon spectroscopic factors and many
B(E2) values and quadrupole moments are extremsly insensitive to
this large configuration mixing, Following this study Gupta and
Tratnor (%) pave shown that such a situation is by no means
gereral, They considered a case(3 ) of non~-mixed parity corf igurations
(neutrons in 28% am ld5 /2) ard found that the!'pseudo-experimental!
level ordering is not appropriate to the shell modsl approximation,
Also, the degensrate aspect of the models has been shown to be rather
misleading. The consideration of the tiwwo levels to be non-degererate
has also been foun;i(l’) to0 be essential even far the mixed parity
configurations (taking neutrons in lp% and ld5 /2 orbitals), The
results of all these four cases have teen interpreted(“ to man that
it is much easier to conceal configuration mixing ani core excitation
in shell model studies where such effects imvolve mixed parity
configarations (only two-particle-two-hole excitations) than it is for
studies of non-mixed parity configurations (n particle-n hole
axcitations). This conclusion has teen further supported by the (_3’ &)
preliminary investigation using lnelastic electron scattering for
Goulomb excitation alors. It is found that the dependence of the

electromagnetic form factors on momentum transfer is a sensitive test

for configuration mixing.
In the cases studied, so far, we notice that though- both odd-
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ard even-parity orbitsls have betn considered for exact calculations
tut, fer the effective ghell model, only a single orbital has teen
taken. In other worda, the comparison of the 'pseudo-sxperimentsl!
data conalstirg o elithar only positive or both positive and
negative parity states has bwen made with the shell model theory
based on only single (positive or negative) parity states, It is
thus lmportant to exterd these large configuration mixing effects to
& case of three, isolated, orbitals such that umer the &ssurption
of effective sholl modsl (filling ths lower most subshell) ome has
two active orbitals (rather than ame) giving mixed (both positive
and nogative) parity states. Socondly, it seemy useful to psrform
a more gystomatic study of the imelastic elsctron scattering form
factors for both the transverse end Coulomb (longitudinal)
axcitation contritutions in order to see whather the moposition of
Gupta and Trainor (baged op a preliminary calculation) is more
real than apparent,

Wa have sglected a model of thres i=clated lovels Esé,
u, S and 1{1 /2 (giving mixed parity sistes) sich that in stell modal
approximtion (teking 28y 83 irert core) &lso wo gat both positive
and mgative parity states, Wo refer to these (imapginary) mcled as
peeudo-gulphor (Pap) muclei. Unfortunately, if we try to comider
both mutrons and protens, £i11irg these thres lsvels, it is en
enormogs problam; thus we conaider only the mutrons, The nsthod of
analysisa fa eimilar to that discussed in tho rofersncea 3 end 4. We
aro ooy 4n the process of making cosputation and urfortunstsly do

not have ary nurbers to report.
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DISCUSSION

N.G. Puttaswamy:s For the case of pseudonium, is it

established that the electromagnetic properties are

insensitive to configuration mixing?

R.K. Bansal: This is the claim made by Argonne

Fational Iieb. Group around 1963 or so.
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STUDY OF THE 37C1(p, §)PLr REACTION FOR Eps1.5 to 4 Mev
N.G. Puttaswamy
Department of Physica, Bangalore University, Bangalore, end
Argonne National Laboratory, Argonne, Illinoie, U.S.A.
and
R.E, Begel
Argonne Nationsl Laboratory, Argonne, I1linols, U.3.A.

I, INTRODUCTION

Photonuclear reactions and particle capture reactions
ere powerful means of studylng the glant-dirpole resonance
in nuclei. The capture reasctions in particular can be
performed under high resolution., Glant resonanves in 36A.r
and 3Bar are of interest because they can provide informa-
tion about the igospin splitting of the glant rasonanuo(i).
s Bar 18 not & self-conjugate mucleus, both Tei and Tez
components are expected. The 3761(p,X)38Ar resction has
been studied earlier for Ep=l& to 14 Hev(z) and by many
groups of workers for Ep below 2 Hev(a). The presgent
experiment 1s performed to fill the gap; the yleld ocurves
for gamma rays leading to the ground (¥,) and the first
exclited (3’1) states in 3Bar are obtained for Epel,5 to
4 MeV.

Il. EXPERINENTAL PROCEDURE

The experiment was performed using the 4-MV Van-de-
Graaff sccelerator of Argonne Natlonal Laboratory, U.S.A.
A 250 pg/on? thiok barium target, containing 3761 se0tope
and evaporated on a thiok tantalum backing, wag used.

A 10"-diam, by 12"-thiok NaI(T1) crystal with an electro-
nics setup capable of pileup suppression was usged to

detect the gamma rTays and the spectrunm was recorded on a



'
w3
I

i

400-chennel anslyzer, A typizl spectruz ie shown in
Fig. 1. for E,=3.3 HeV. The peaks due to 7g ant & ere
8asily identified mnd the eress A end B are used to obttair
the yield of the garrs rays. Cosmic ray background iz
estimated fron the higher part of the spectrur ard is sube
tracted in each case. The ingert in Fig. 1 shows the 7o
yield for the reconarce at 2,125 ¥eV, The 21-ke¥ width
observed in this cage is &1l due to target thickness end
the actuel width of the resonance is much s-sllers this
hes been checked at the 1.54-FeV ¥, resonance which is

known to be very narrorw.

III. RESULTS

The Field curves for ¥, ard &y are zhom in Fig. 2.
Above 3 HeV pileup effects start becoring irportant {beca-
use the threshold for the 37(2.':’.(1;‘,21) reection is at 1.6b
¥eV} and the expected backesround due to pileup for )’1 iz
indicated 4in the Tigure, The differentisl ocross section
at the peak of the 2,13-HeV XO resonence ig found to be

approxicately 1.74 ,-x‘o/ £T

The yield curves are doxinsted b narToOxX IEEORANCEE
and rost of the midth observed exrperizentally is essenil-
ally the tsrget thicknmess, the resonance ¥1dth being Tuch
s-aller. Strong 3’0 regsonances are observed abt Ep=1.85,
2.13 end 3.27 KeVy the one et 3.27 EeV could bs convenlen-
1y used for target thickness reasurezent when only higher
energy proton bests are availstie, as in the tenden Van-

de-Graaff energy region. The vield curve for 3’1 sho¥e

strong pesks bt Epzi. 5% gnd 1.60 eV, but none veIy strong
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reaction, The experimental points from three different

‘runs are indicated by different symbols, The excitation
energy in 38Ar is also shown at the top of the plots.
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between 2 and 4 MeV, Por Ep above 3 MV, the Jo Yield
begineg to show & droader strusturs on whioh the narrow
resonances are superposed, The integrated 35‘:‘( D’.vo)
oross egection in the region betwsen Bp-l.j to 4 MeV 1a
less than 1¥ of the classiocal electric-dipole sum of
0,55 MeV-b, A further study upto Ep-ili HaV(Z) reveals
that the ’0 yield appears as two broad peaks at 6 MsV and
11 MeV with widtha of about 6 MaV and 3 MeV, respsotively
and these may be attributed to a splitting of the 2Car
giant-dipole resonance into the Twl and Ta2 components.
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BILOUGLION

N.E. Nehtas You nndd you were not intereoted in the
fine otricture al nll o probibly you were not curious
nhout the very otriking oharp reoonance at the low
encrey or in eotabliching the peneral nature of the

" . .
fine®™ ntructure over the hipher energy rance.

h.G, Puttanwamyr By the '"fine structure! I mcan the

marrow renonancet which are there In plenty in the
low enerpy rorion. Thone are interesting {rom the
nuclonr apeetrorcopy point of view. What io of more
importanceer in the riant resonance region is the inter-
rnedinte ntructure whicn ean be atiributed to the
particlo~hole ciates, Secondly, one wants to know the

totnl interrated crons section,

1. Iingappas  How does the inteprated cross-section

gxhauet the sum-rule in your case?

¥.G. Puttarwuiy: The integrated (v P.) cross section

for BV between 4 and 14 MeV has been found to be

about 14% of the sum rule and below 4 leV it is less

than 15. Hence a substantial part of the sum rule is

in the other channels,

S.K. Gupta: 1) The integrated cross section should

inclide (Y)7)
2) We observe a structure of intermediate width in

cross scetion which may dominate.

37Cl(p,n) reaction at 2.13 MeV, This has also been

found in the (p.«,) data.
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H.G. Puttaswsmys  (y,n) and (n,p) croes-sections are
usually of the same order of magnitude,

A.8, Divatiar 1s elastie ecattering data on
3701(1’.1)0)3701 reaction availahle?

N.G. Puttaswamy! I don't think that there is any data
ahove Ep = 2 MeV.
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COULOMB EXCITATION OF SELEZTIUM 1COTOPE3
APy Agathotry, K.Pe Copinathan, M.C. Joshi and F.0. Prassd
Tata Institute of Fundamestsl Research, Eomhey
As part of & program for measurezont of g fastors of lavals
excited in nuelear reaotions by the teckniquo of parturbed sngilar
dlstribution of T-rays using high resolutfon Ga(L1) deta~ior, we
roport the prelininery resulte of tho Coulorb exeitation of Zo77

lewvals and of the evea even nuslei of Sa.

EIPRDCNTAL

A thizk terget of netursl selenins retel was erpasnd b
singly chavged h2liu= ims froz the 5.5 1oV Tea—le-iwen?f a~cleretor
at Trezbay. To reduce the loss of seleaium by yolatelizelisn ¢a
bean currest v=s Yrri low =3 the tarpet oooled by 2 Aol finawr Yot

at liguid agt-osem teroaratzre. The  Yovay rpectre follovinr Toulort,

excitatim of ihe selenime Zesicoey woms obesryed gt £0 Jevrver s14%

respect $o tha Yexz by £ 20 2z Ge{ll) dstesio-. & 4ypisel zpictrn
with beaz eme—gy 5.0CL a7 f2 shoum Az Pip, 1 wiews e ’f-’t’]
peaks of veriozr 5= Lssioper zre Lde~tifled, Toe reletlve LmUmiivier

of the T orays wome Arternined pftew sorvestiop Zor U efficlewrlty

The gtotopesk efficionsios £ox 5a0LX) detmetom £ g Tou-tling 27

247
eaorgles o0f ¥ ~mzxr wo= AAerziost by Yriicp speire of ‘r,””,
h192 ead 3_1’_‘2 Zaring 7'-—*;-: 22 o pelxbive Loteceltise, T4
sbsolute photoetk efTctenmter werk ohnloed by wicg LA, LA Cade

- s .
T, o, v ant B, e st plelte 57

ard pocroes of

v ~YeyE veTe srtorlrtef pfuew soeerilzg Loy peletlvy £ord vt

Of 426 dsotomrs. T grzat e WIZAwize 5 Gk 5L 1A T et
P

of 52 uae taew Zorm %im wr premert 42 ANTUS 40 0 Cppe T

(38.5200) 2 ok = 27 pioy toir yesa Giw (S mT
.



-162~

10"
. 136-3 (To) “T s “
X
65 6 (Te) . 2008 (4™)
! \\,\A Ji,v les4(T0) |
2%0-2(Se?7
10} "& '
! 10 APR {1970) . J } 3022 (Ta)
i Se (x,x'Y) R v\ sS4
E * 5001 . l
o MeV v .
20 cc. Ge (L1) DETECTOR : "'“""'"AN“’""
1-46 keV / CHANNEL !
,02.‘.Jl...._:...._144441..4.\
woo 50 100 150 200 250
é s CHANNEL NUMBER
- 19 43381(5¢"7) 559 4(Se%)  GE7(S™) 666 2 (5e%)
b4
1
2 | @z sit
(¥
i b
i e
-\'.
'02.-. 5-" :\’. . .
s e vy ALY .
! K 3 v ? ‘L
,o'.J.l|...,|.4LJL.
250 300 350 400
CHANNEL NUMBER
KeV
3 y1y 51
Sy T : 4398
511
2005
4398
- 2502
:f; s { 239 3
88
A ! — 16!
2502 164
]’ 239-31
- | o

Se . FI6.2



~163w

the other ever-oven nuclei are calculated and compared with other
peasuronents™’> in Table - 1.

Table =~ 1. Coulosb excftation of Se isotopes

2 8 gm)m otz2)

~50 E2
A E [tolative (6" cm 10-%0) T
XeV |rield  fpryeent w;;l:]r"-urliar walueg BlER) * #
7¢ |s34,9 | 0.064 48 + 15 4 55 [s.7ps Jo,2
76 |s53.4 {27 [a5 34 16.040.9" | a8 [t1.4psfo.3
76 lo1s.7 | 100 fra.s? 20,5 2 0.9° | 39.6 |54 ps fo.2

80 |uss.2 | 0.74 27.6 + 2.5 28.51!0.9b 27.4 7.8 ps J0.2
b

62 [ase.7 [ 0.524 [r0.1 44 21,5 £0,9” [19.3 [12.6 pafo.z
77 l229.5 | 0,78 |18.8 4 2.0 17.7 + 1.6° | 48.7 |25 ps
77 [250.2 | 0.097 [1.06 % .2 0.94 +.26° [ 1.8 [10.0 ns
77 Jaz9.8 | 0.834 [22.8 42,0 | 25,94+ 1.7 |29,8 [e7ps
77 [s10.9 | 0.57 - wsod | - -
a) Ref. 2 b) value from ;Bf. 1
¢) Rof. 4 ) PRef. 3

Coulorh exeited levols of Se”’ are 259.3, 250.2 and 439,€
¥e¥ (Fig, 2). The 510,09 keV peak $a mainly due to annthilation
radistion from nuclear reactlon products in low Z impurities in the
target. The branching ratlos of the ¥ rays from the 250.2 and
439.8 koV Jovels wore obtained from the 7 spoctrum. The S{EZ)4
values for tho 5070 levels are alao shown in Teble 1 and compared
vith earifer nnavtmmcntss".

From the B(£2) values the half-livea and the ratlos of
B{E2)§ to single particle B(E2)V values were deduced.

DIsCussjoN ~

In tho case of 5077 the present moasurfrent
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values of tho 239.3 and 250.2 kaV lovols more acourately as the two
7Y rays wore woll resolved in our opoctra. The half 1ife of the
250.2 koV lovol ap deduced from tho B(E2) value 1s 10.0 x 10-9 gec in
ronsonable agrooment with the value 9.3 4+ 0.4 as meaaur';ad by delayed

,G

5
coinoidenco '". Tho gmall B(E2) value of this level suggests it 1is

of singlo particlo character while the enhanced B{E2) values of the
259.5 (3/27) and 459.8 (5/27) kaV levels are suggestive of their
colloctive charasotor. Those are explained as arising from the coupl-
Ing of tho 3™ ground state with tho phonon level.

Tho B(E2) wnlues of even-oven Se nuolei are all enhanced.
Tho root moan squaro deformation, (3 _  valuos doduced from B(E2)
valuon, are listed in Table 1. They seem to decrease from 8974 to
5082 as the closod neutron shell at 50 ia app.roaohed as can be
oxpocted.

This work demonstrates the usefulness of high resolution

Go(Ld) dotector in ono single measurement without having to use

enriched isotopes.
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DISCUSSION «

LUALLLLL LU

Jyothd Parikhi Are you aware of any Spectroscople
annlynip which indicater the mixing of Bg/2 with p-T

chell in T%ge,

X.P. OGopinathant MNo. You may uve the experimentnl
B({E2) and try to get the mixing.
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valuos of tho 239.3 and 250.2 keV lovels more acourately as the two
Y rays woro woll resolved in our spectra. The half 1ifo of the
250.2 koV lovol as doduced from tho B(E2) value s 10.0 x 10~ gec in
reagonable agreoment with the value 9.3 + 0.4 as measured by delayed
coincidoncos’e. Tho omall B(E2) value of this level suggests it 4s
of single particle character while tho enhanced B(E2) valuos of the
259.3 (3/27) and 4%9.8 (5/27) koV levels aro sugpestive of their
collective charactor. Those ere explained as arising from the coupl-
ing of tho 4~ ground state with the phonon level.

Tho B{E2) waluos of ovon-oven S0 nuclol are all enhanced.
The root ronn square deformation, /% o valuos doduced from B(EZ2)

values, are listed in Taeble 1, Thoy soem to docroase from Se"4 to

82 as the closed neutron shell at 50 is apﬁroaohod as can be

Se
expected.,

This work demonstrates the upofulness of high resolution
Go(1i) dotector in one single moasuroment without having to use

enriched isotopes.
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18 LUNAR MATTER DIFFERSNT IRU{ TERRESTRIAL MATTER?
E, Kondaiah
Tata Instituts of Rndazental Reaearch, Boabay.

Until the successful return of Apollo 11 mission in July 1969,
the only extra terrestrial objects that could be handled in the
laboratory wers astecrites, Unlike the mateorites, ths lunar sazmples
oczs from a planetary object whose location 1s woll known, Apart
fron the question whether the Moon was a part of our earth long ago,
the most interesting question one would 2lka fo raiss is whether the
goon was made from the sams primordlsal material as earth.

Eap,,m‘(x,z)

of invegtigations on lunar ssmplea carried out

80 far showved that evon though the elemental conatituents of lunar
sazples are in‘genoral the eawe as those found on earth, there ars
saveral significent differences in composition, for example, unusually
high concentrations of refractory materials liks T1, Zr etc, and low
abundances of Na, K and Rb; such differences in elemental abundances
ara atiributad to guochemlcal and phyaical procosses that ths moon
night bavy gone through afier its farmation some four billion or mors
yoars ago. Unlike the elemental composition, the igotoplec composition
of elemsnta should bo unaffected by physical and chemieal processes,
8o, a study of the 1asotoplc composition of elemontas in lunar matter
can, in principle, giwe a definite answer to the question whether
lunar natter is the saze as terrestrial matter,

Howsver, it iz woll known that the isotopic abundancas of
elessnts can be disturbed by natural fisslon and muclear reastions
{apallstion) ariaing from exposure to solar wind and cosafe rays.
After taking into account thess extraneous effects, if one finds
significant dlfforences in tha isotopic compoaition of sleasnts in
lunar matter froa that in terrestrial matter, ons can conclude the*
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lunar matter 1s made primordially under different physical conditions
from the terrestrial matter. The likelihood of such a possibintylv
may be ramote ag it ig difficult to understand how a planet made from
a galactic composition different from that in which the ‘solar systen
originated, could wander into our proximity, Neverthelegs, such a
posaibility cannot be ruled out ag it has been found that the abundance
of heavy elemants relative to Hydrogen is a function of both time and
location of formation of a star in the galm(S) « Prof. Alfven has
a theory(g) that Moon and Mars are condensed from a "cloud" difforent
from the one from which the other terrestrial planets were -produced.
After the digcowery of Technicium in some stara4)
4t is generally accopted that Nature manufactures elements in gtars
through processes of nucleo-gynthesis; light elements upto Iron are
deemed to be manufactured by the capture of charged particles whereas
aelements heavier than Iron are mamufactured by neutron captures and
photo~nuclear reactions, The slow (s-) process capture of neutrons
inwlves time scales of the order of thousands of years and thorough
mixing of matter may be possible during the s-process occurance; on
the other hand, the rapid (r-) process capture of neutrons is supposed
to occur in super-novae explosions which may lasgt at moat a fow goeconds.
Thus, matter manufactured in different supernovae explosions may show
different isotopic compositions depending on the physical conditions
such ag composition of the gtar at the time of explosion, and its
temperature, pressure etc. at the location of the r-process occurance,
Somoe of the heavy elementg are reliably known to possess one or
wore isotopes made entirely by s-process and otherg predominantly by
;r-proceaa‘s’e) . Whereas the isotopic abundances of light elements
are affected by solar wind, cosamic ray and spallation reactions, thoge
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of the heavy elements beyond Iron ars lesat affected by such extrs-
neous causes after they ers formed. Radlogente influences on isotoplo
abundances eto, are sufficfently known by now so that one can concon-
trats on isotopes of elsaents that are not affected by such procosses
of enrichmont or depletion, i exsaination of the isotope chert shows
that thers are sone sixteen elements which are known to haws pure a-
and predosinantly r-process stable i1sotopes. If one can show conclu-
siwly even for a few of thess cages that elther the (s-/r-) ratloa

or pure r-pracsss abundances of thess elemants in lunar mattar are
different from those in terrestrial matter, one may be justified in
concluding that lunar matter is in fact different from terrestrial
matter, T4l now, it %s generally assumed that the composition of
other galaxies are roughly comparabls to our own; this 13 boeause, it
1s the simplest hypothesia, If lunar matter happons to haw a different
Lsotopic composition from that of terreatrial matter, this assuwption
may be questioned,

Isotople analyais of Xenon was reported by Hartl et &1.(7) azong
others; the sacond column of Table I below L= computed frosz their
values, Only those isotopes of Xenon which are either predominantly
8- or r-procegs puclei are considered. The third column of Tahle I
1a computsd from the Table of Xaotopoa(a).

Table I shows that in all the cases, the lunar (s-/r-) ratio
4s high comparaed to terrastrial matter. Xenon is the only hsavy
elezent for which isotopic atundances in lunar matter are reported so
far, It im not possible to conclude from this single esse of Xenon,
that lunar matter fa different froa terrestrial natter, malnly becauss
the lovw mass Xenon isotopes (Xe128 ang %81%9) can be produced ty
npallntlon(” and the heavy Xenon isotopos (Xs154 and Xe”’e, any have
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somo contributions from fission products. It ig worthwhile to carry

out lsotoplc analysis of the following elemsnts in lunar matter;

Ge, 8e, Pd, Cd, Te, Nd, Yb, Pt and Hg. All these elements have at

least ono pure £~ and ono pure r-process Lgotopes.

Table I, (s-/r-) ratios for Xenon isotopea.

Igotopes LunarertiOB TerrestgiZI ratios (-£~:*I-)$
(a) (b) T
Xo128(5.) /%6154 (r..) 0.237 0.185 28
62?8 (5 )/%0 236 () 0.293 0.216 36
x0150(5.)/x01%4(x-) 0.451 0,392 15
X6 150(5.) /%0136 (r..) 0.557 0.480 21

(a) Compiled from data given in ref.(7).

(b) Compiled from data given in ref.(8). .

Reforences:

1. Sclence 165, 1213 (19th Sept. 1969),

2. Science 167, 3918 (30th Jan, 1970).

5.  "Nucloo-Synthepis” ‘edited by A.G.W. Cameron (p.29), Proc. by
NASA (25-26 Jan., 1965),

4,  P.W, Merrill, Science 115, 484 (1952).

5. D.D, Clayton et al., Ann, Phy. 12, 331 (1961).

8.

A.G.W, Gameron, Astro, Phy. Jowr. 129, 676 (1959).
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2. K, Marti et al., Sclemce 187, 248 (30th Jan. 3970},

8, "Teble of Isotopes® - Sixth edition, C.M. Ledrer et al., John
Wiley.end Sona, N.Y. {(1967).

9. H. Alfwan, Lesrus {, 557 {1963).

DISCUSSION

J.C. Palathingals I there any sample variation in
the ratios of the isotopes and how dves they check
with expectations?

E, Kondedahy The isotopic abudances of any element
should normally be the same wherever from the sample
18 teken from the Moom, except for the fact that eoze
consideration as fellowa do change the isotopic ratiot
specially in the case of Xenon. (1) Natural fiesien
gives rise to higher mass isotopes of Xenon {11)
Spallation reactions due to¢ solar wind and Cosziec =zye
give rise to lower maes i1sotopes of Xe gnd txls eZfTec!
will depend on the depth from which the fazzle 1s 4:z¥s
from the Moom. (iii) Finally Masp-frastizerii=s =ffest
more the lower Maso isotopes of Xe. 202 3T ==z z3cte,
I submit the Xenon isotopie analyels =2 IJorrs zrmrles
does not anewer the question raiece? iz T3y mpes 2207

One has to study many other caees,
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QOMPTON SOATTRRING oY K-SHELL ELEGTRONS AT
LARGE BCATTERING ANGLRE,

D.V, Erishna Reddy, V. Govinda Reddy and D.S,%. Murty,
Department of Physies, Osmenia University, Hyderabad~7
I, INTRODUCTION

The ineeherent scattering of gamma rays by atomic
electrons is well known ag 'Compton Effect', in which the
aeattoring electron 1s considerad to be free and
statienary, It 48 well established guantitatively by
Xlein-liishina formula, This relatien 1s not valid in tbe
pruot{ﬁal‘casas where the scatbering eleotron 1s tiphtly
baund, For tightly bound eleotron a correction factor
bas to be incorporated with the Kleln-Nishina formula,
termsd as the insoherent scattering funstion to get the
theoretionl eross-seotion for the bound elsotron.

Studles on compton scattering of gommma rays by
K=ghel) electrons have been taken up by some workers
during the past few years. Some of t:h!m]‘"'l noticed the
influenca of binding on the scatiered gamma rays speotra
/{-sheu eleatrong, showlng up the dbroadening of the
compton phobto peak and tall of it extending upto 500 keV
even at large scattering angles and samel’4 of them found
small shift of the photo peak towards the lower energy
slde at smaller scattering angles,

In the present paper the authors present the
aifferential eross~-section rntioclcz/(b‘; for 662 keV
ganma rays scattered at 125° by K-shell electrons of

platinum and thorium using & eonventional fast-slow
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colnoldence technique. The energy distributions ang
erosa-sectlon ratios for different thicknesses of the

tarpgets were studied.

IT. EXPERIMENTAL

The experimental procedure followed in the
present work 1s almost similar to the previous workers
and it was already explained in detail earliers’e.

The measurement of the spectral distributions is
basically the seme as that employed in the case of angular
dlistributions and it consists of selecting the cofndi-
dences between the scattered photons and fluorescent K
X-rays using the usual fast-slow coincidence method, The
resolving time of the fast coinecidence eircuilt is about
100 nanoseconds, The gamma rays sgcattered by the K-shell
electrons are displayed on a twenty channel analyser,
17X, RESULTS

Studies were made with diffeerent thicknesses of
platinum and thorium in order to observe the variation of
the shape of the energy distribution spectra and also the
differential oross~section ratios with respect to the
thickness of the target and atomic number of the target,

The differential cross-section ratio for thorium
13 found to be equal for the Lo :thicknesses (4.888 and
11.590 mg/cm2) within the experimental errors, It | shows
that the thickness effects are negligible for the thick-
negses less than 15 mg/bmz in the case of thorium., The

shape of the energy distribution spectra for these two
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targets are found to be almost similer, That shows the
secondary effects reduced to the minimum in these two
spectra. As the thickness of the target increases the
secondary effects will deminate and the shape of the
spectra changes,

The differential cross-section ratios for the
thinnest targets of platinum and thorium determined
experimentally are given in the Table~I., The ratios are
compared with the availeble theoretical results, The
experimental wvalues are not in agreement with the existing

theorstical values,

TABLE-I
Thickness Incoherent scatter
Target me/em® Experimental  ing function (Sy)
Platinum 11,650 1,660 * 0,115 1,246
Thorium 4,888 1.845 0,161 0,889

Shimiru et 817 used the theory of compton secatter-
ing by a free electron with nonzero veloecity develeped by
Jauch and Rc;h’rlichB and showed that the experimental
values for higher scattering angles are in good agreement
with the theoretically ecalculated values using the above
theory. But with the same theory the authors got very low
value even less than unity for the differantlal cross-
section ratio for platinumm, caleulated on eomputer.
Recently Pingot:9 showed that ¢the first relation given for
the smaller angles by Shimizu et alvcnn be uged for all

the 'scattoring angles and bis experimental volues are in
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good agreement with theoretical values. Using'their7
second relation he got very smaller values less than unity,

which are 1n good agrecment with our ecaleulated value with
the game relation, But the experimental values of

.Pingot9 are comparatively less than ths values got by
many workers,

The energy distribution of the incoherently
scattered gamma rays at 125° by K-shell electrons of

platinum and thorium targets are displayed on a twenty
channel analyser. & clear shift in the compton coineci~

dence peak 1s not seen in the present investigation,

The authors are much grateful to the Department
of Atomic Energy for the financial assistance.
REFERENC ES
1. Z., Sujkowski, and B, Nagel; Arkiv Fysik 20 , 323 (1961)
2. J. Varma and M.A, Eswaran; Phys. Rev. 127 , 1197 (1962)

3. A, Ramalinga Reddy, V, Lakshminarayana and Swami
Jnananandaj Ind. J. P, and App. Phys. 4, 371 (1I966)-*

4, M A, Di Lazzaro and G, Missonl; Reports of Instituto
Superiore Di Sanite Nos. 66/6, 66/7 and 66/8.

5., D,V, Krishna Reddy, B. Narasimhacharyulu and D.S.R,
Murty; Proc, Ind, dcad. Scl. Vol LXXII 185 (1970).

6. D.V.Krishna Reddy, E. Narasimhacharyulu and D.S.R,
Murty; Proc, Nucl. Phys. and Solid State Physies
Sympo&ium, Roorkae (1969).

7. S. Shimizu, Y, Nakayama and T. Mukeyama; Phys. Rev.
140 , No. 34 , 4806 (1965).

8, J. M. Jauch and F, Rohrlich; The Theory of photons and
slectrons (Addison~Wesley Publ, Go., Cambridge,
Massachusetts, 1955) p. 230.

g, 0, Pingot; Nucl. Phys., 4119 , 667 (1968).



177

INBLASTIC SCATTERING OF GAMMA RAYS BY K-SHELL PLECTRONS
b,V,Arishna Reddy, E.Narasimhacharyulu and D,S.R.Murty,
Departwent of Physies, Damania University, Hyderabad~7,
Y. INTRODUCTION

The inelastic soattering of gamma rays by
electrons in an atom was studied for the first time by
Compton. IHls theory oonsiders the seattering electrons as
stationary and their binding energy negligible compared to
the incldent energy. In the case of the Keshell eleatrons
of high *2t elements the above conditions donot hold good
and the Klein-Nishina equation, which estimates the free
glactron erogs~section falls to give the correat picture
in the case of the bound electrons of high 'Z* elsments,

The incoharent soattering of gamma rays by bound
electrons was studled for the first time by Dumandl. But
he used low f2' elements 1like carbon as scatterers, Blogh
has calouleted by non-relativistictreatment the shift and
shape of the oompton line for the soattering of X-rays by
free elactrons in atomle sholls. But for ths tightly
bound electrons in atomic shells of heavy elements relatil-
vistia calculations are nseded but are not available at
present, Work on the experimentsl side was taken up in
regent times and 12 quile limited.

The compton scattering by buund elsctrons has boen
atudied in recent timeszm; with a view to understand the
infiuence of binding on the differentlal aross-sections of
the secattered gamms rays. As information available froo

the oxperimonts conducted so far is quite
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aut hors have undertaken a study of this phenomenon,

IT, EXPERIMENTAL

To detect the gammas scattered by K-shell .
electrons a fast-slow colncidence system has been used
between the scattered gammas and the fluorescent X-rays
due to the ejectlon of the K-electron from its orbit,
For this purpode a 6.0 curie Caesium-137 gource has been
used. Blocking oscillators giving 50 ns pulses have been
used on the fast colncldence side which includes a 6BN6
valve as a mixer. The slow colncidence has two inputs
one from the X =spectrometer and the other from the
fast colncildence oircuit. The slow colncidence output is
given to the gate of a twenty channel analyser, The
input to the amplifier section of the twenty channel
analysdr comes from the 'Yi detéctor direct, The spectra
are recorded on the twenty channel analyser. Platinum,
and thorium have been used as scatterers at two scatter-
ing angles namely 70° and 1050.

The experimental differential cross=section ratio
between the bound electron scattering and free electron
gscattering is determined from the followlng equation?

. " A.13
2% () = N L Lot A4 42
Tn this equation the symbols have the same significanae

as in our previous report ,

TII. RESULTS
The cross~section ratios obtalned making use of
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the above squation at scattering angles of 70° and 105°
have been reported in the table for the sbove two targets.
The spectra of ths inelastically sqattered gamma rays by
K=electrons bave bhoen studled on a twenty channel analysen

The experimental differential crogswsction ratios
have been compared with theoreticslly compnted values, In
all these thaeories a correction factor has been introduced
in the bound electron cross-seotion defined as the in-
ecoherent scatterling function, J.

(T
A (6= S 451 (®)

This 4s computed making use of & non-relativistic theory.
From a formule baged qn the Thomas-Fermi model given hy
Stimizu ot 1% the value of the funetion S,{qy z) has boen
evaluated abt these two angles for these meattersra, They
are also presented in the table along with the experi~

mental values for comparigen.
TABLE
Inaident Energy ( hP ) = 662 keV

Platinum 2 Thorium 2
. 11,59 )
Expti. (11,64 mg/en<) (11,59 mg/em
1,160 % 0,098 1.120 £ 0,074
700
Theo=
retical 0,876 0,631
"
"
1.380 % 0.169 1,487 % 0,180
Bxptl,
o
108 Tha

gocféu 1.157 0.827
e




~180~

. The energy speotrum of the incohsrently scattered gamna

rays by the K-shell eleetrons of a 11,64 mg/om? thick

platinum target recorded on the twenty channel analyser

has heen presented.

It

is compared with the spectrum computed on the basis

7
of a non-relativistie theory given by Séhnaidt ,

The authors thank the Department of Atomie Energy

for financing this reseafch project.
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ANALYTICAL FORMULATION OF K~SHELL PHOTOEFFECT
M.Bigwas*, 3.C.Boy and A.M.Chose,
Huclear Physics Laboratory, Bose Institute,Caleutta~9.

I. INTRODUCTION.

The photoelectric effect being one of the major way
of interaction of gamma rays with matter is a subject of
interest to evaluate exact theoretical values, usipng high
speed computers. Unfortunately, no simple analytical forw
mla of photoeffect existsin the literature and the
extraction of photoelectric cross-section for a specific
element and gamma energy requires formidable amount of
computation time. An attempt was made by Hla et 511 to
develop an analytical formula for K-shell photoeffact
which 1s valld for intermediate and high 2 atons only.
Further the formula appears to be a 1ittle complicated.
The object of the present investigation 1s to develop a
simple analytical formula for K-shell photoeffect which
is valid for any element of the periodic table and ovoer
wide enorpgy range. Of all the existing theoretical cal~
culations, the calculation due to Schmickley and Pratta
will be considered as the most accurate calculationsa.

The accurate calculation of K-shell photoeffect exists
in the literature due to Pratt®,

# Cuest worker from New Alipore Collepe, Calcutta-53.



<herefore our prorosed equaticn will reproduce the erosse
section valnes Jue to Schmiekley and Prati® gt Iinterra-

L%

dlate ecnergles and “c Frasttv 2t high energles.

T o .y N ey e L —~——y
I1. DSVELODMZNT OF THD ToTMTLL.

L0 low energy roduces to the forn
V3 &3
..G“( LAY N2 2N 2
Tk =G+ 3 IS 3l (1)
S
where - 3 a ,_l_
, @ o=3 =

X = kx)/mcz ; o= d%= 2

Caleul-tion of Narasaks indiecated that the structure of

(92

Saunter's equation chould te relzined even at higher
energies. At high energyr Sauter's eguztion reduces to

@ = G

"
Fratt® has shown *ha® rore accurately

cr
I
o
[
P
i
i
&

K-shell rhotceffect Is given by

~ne above forzulsz can be justified on theoretical grounds
for photon energy greater than 2 1’eV. It has been Jound

that T(a) e¢an be expressed accurately by

A . o
3y plotting the theorstical values oi?G;/q; agzinst

1/x in =z semi-log parer we obtain =z strzicht line with

=4 e
& o * =
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slope 0.4040 for intermediate anq higher energies.
The value of the intercept on the +.-axis alrost
corresponds to tho values of F(a)., Thus from the
above discussion 1t is clear that tho expression takes

the form as

y
Ti= G(+%) 23_4;%%@ exp( )

It has been observed that the slope of the line varles
a little from element to element, The above formla
1s an exact fit for intermediate Z elements. This
effect has been compensated by introducing a Z-depen~
dent term in the exponent of equation (2). Thua the
tinal form of the formula for K-sholl photoelectrie

ecrosg~section stands as

32
= (+3) QFF(Q)&F[MM%MM (- 42)]

—(@
I11X. RESULTS:

The cross-section 0';( was cgleulated from this

formula for Z starting from 13 to 92 over an energy
range 200 KeV to 5,000 KeV. The agreevent of the
equation with Schmickley and Prattts result for inter-
mediate energies and with Pratt for high energles as
wall as with exporimontal results is satisfactory.
We conelude, therefore, that this forrmula can be
used for any elerents of the perjodic table above
200 Kev photon energy for the rapidestimation of
K-shell photoelectrie eross-sections. Fur
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the formula reproduces Pratt's exact calculation at
high energy the formula can be safely used to above
5 MeV, where exact computations of photoelectric cross-

sections have not yet been made.
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COMPTON SCATTERIRG BY K~SHELYL ELECTRONS
MRV

P.H. Baba Prasad and P.P, Kane‘
Indian Inaug:g:rggeg‘:cgo;gz;tc;émbay-'la.

In recent years, the old problem of photon scatter-
ing from bound atomic electrons has agaln received consi-
derable theoretical and experimental attention. 1In the
case of electrons bound in hydrogen, accurate field theo~
retic expressions for the scattering azplitudes are now
available in the dipole approsd.mationl'z. In the paper
presented last year, roferences have been given to the
previous expérinmantal work performed with gamms rays,
Experimants with wonoergic gamma sources had besn dome
only upto an energy of 0,662 MeV., A preliminary study of
Compton scattering of 1,12 MeV photons from a zinc-65
source by & gold seatterar at 120°  meattering angle was
reported last yesr, 8ince them, we have made similar moa-
surezonts with tantalum at 120% tin, gold end thorium at
90° tin, gold, lead and thorium st 60° and thorimm at 25°
We have also studied the dependence of the resnlts on the
bias level in the gamra channels

The principal results of the earlier experiments at
lover energles, relevant to this work, are suzmarised here,
At angles of scattering larger than sbout 70°, the Corpton

scattering cross secticn of a X=-shell eloctron of s heavy

# Work supported by a grant from the Hational Burean of
Standards, wWashington, D,C, ynder the PL-480. programme.
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aton guch as that of gold or lead for 0.662 MaV garma rays
18 betweon 1.0 to 1.8 times the value predicted by the
Klein-FKishins forrmule on the agssurption of free electrons
at rest. At smaller scattering angles, and also generally
for somewhat lower enmergies, the ratio do-r. ]do-KH of the
K-shell electron cross section da-K /dn: to the Klein =
fishina value Ao~ /4Ll tends to be significantly less
than wnity, Since the photons scattersed from the Keshell
electrons can have any cnergy between gero and Eo-Ik, the
spectral distribution of these photons is obviously diff-
erent from that expected under the Klein-Rishina theory.
Here,Eo is the incident photon energy and Ik is the bind-
ing energy of the K-shell electron, It is very difficult
to determine accurately the spectral distribution on
account of secondary effects associated with bremsstrah-
lung and K-X-rays arising through ionisation of the sca=-
tterer atoms by photoelectrons and Compton electrons. The
importance of the secondary effects increases at least as
the second power of the target thickness, Thus, it is
really necessary to use target thicknesses not much great-
er than about 10-16 mg/cmz. Unfortunately, the counting.
times then become prohibitively long. Varma and EsYaradé
studied the spectral distribution in the case of 0,662 MHaV
photon scattering through 60° and 124° with 23.6 vg/ o,
58.8 mg/cm? end 93.3 mg/cm2 lead scatterers and tricd to
ascertain, through a detailed anaiysis, ?he ngture of the

true spectrum characteristic of a thin target. The dedu~
ced spbctruﬁ‘was much broader than the ‘free Compton'



spectrum and vas shifted towards higher energles. The shift
can be understood ag an effect of blndings. However, with

s 7.7 mg/enz gold scatterer and for the sazme primary enocrgy,
Missoni and Lazzm-ns found, after about 1800 hours of count-
ipg, a negligible shift at 767 scattering angle, a snift
towards lower energies at 26° and also o large subsidiary
peakt in the neighbourhovod of 160 Ke¥ energy. Thus, the
nature of the true spectral distribution 1s uncertain and
puzzling.

In view of this background and in view of the fact
that measurements at ap energy as high as 1.12 MeV were
being atterpted for the first time, we declded to use re-
latively thin targets and pursue a slightly limited object~
ive., With a gold target and at &0° scattering angle, the
ratto da_l{/d"'m was deterzined as a function of the lowver
bias in the gamma counter channel. For scattered gamma
energles in excess of 130 KeV, 150 KoV and 165 KeV, the
ratio da-x /dn—m turned out to be 1,16 + 0,10, 1,20 + 0,11
and 0,94 + 0.11 respectively. It is interesting to compare
these results with the above mentioned results of Lazzaro
and Missoni for 0,662 MeV with a gold scatterer at 75°,

An analysis of their results leads to the ratlo values of
1.45, 1,28 and 1.19 respectively for approximately the sate
bias levels, With thorium at 600, the cross~ssction ratios
measured by us turn out to be 1.34 + 0.16 and 1,27 ¢ 0.13
for blag levels of 165 KoV and 185 KeV respectively. The

higher blas levels were chosea in this case since the



thoriun K-X-ray encrzy ie around 87 KoV, By way of COorpa~
riren, Lerszare and Miscont obtainod, with o nradium {arget
nt 76%, the ratio velues of 1,60 and 1,44 respsctively,
Further at €0° znd ¢ blas of 16% KeV, the cross-zection
ratioes meacured by us with 19,7 !:g/cmg and 12,9 rag/cx::2 gold
seatlerers turncd out to be ¢.94 4 0.11 and 0.82 + 0,12

respectively, indicatiog agreczent within statistics.

The dals obteined after a counting time of about
1800 hours are wrcmarised in Teble I.  The cross-sections
coasured even for this reiatively high energy conform to
tho general treouds described earlier,

The experimental details relevant to this work are
sotewhat different fron those reported earliera. The gamza
counter was a 44 oo diaweter x 38 um height sodium iodlde
erystal mounted on RCA 6342 A photonultiplier. A 1,38 mm
copper absorber was used in front of the gamma couatér. The
distonce betweon the center of the target and the gamma

coonter was increassd to 13.0 em for the 60o and 90° measurs.

rents, and to 21.0 cm for the 25° measurements.
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TABLE I

Preliminary values of the ratio do-K/do-m for 1,12 MeV,
« 15 the angle between the direction of the incident bean
and the norzal to the target plase.

Angle of Thick~ Gamma
scatter- Scatterar ness in glilaunol da-l(do-m
ing 2 ag in
ng/on KeV
0
25 Thorium 14.9 300 0,74 + 0,18
«=0
60° Thoriun 14,9 165 1.32 4 0,16
Lead 14,0 165 0,87 4 0,10
«=0
Gold 19,7 165 0,94 + 0,11
cold 12,9 165 0,824 0,12
Tin 18,8 165 0,97 + 0.08
90° Thoriom 14,9 165  1.884 0,11
ax30° Gold 12,9 165 1,39 + 0,12
Tin 18,8 165 1,09 4. 0,09
120°
we40® Gold 19,7 100 1,18 4+ 0,12

«=0 Tantalun 22,1 100 0,86 4+ 0,26
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NUCLEAR ENERGY LEVEL CALCULATIONS OF THE BARIUM ISOTOPES
IN THE UNIFIED MODEL,
C.R. CHANDRAN, M.N. SITARAMANATH, M.V, RAMANAMURTY and
S« RAMAMURTY.
Laboratorles for Nuclear Research, Andhra university,Waltefr.

The intermediate coupling aspproach has beesused to
investigate the nuclear properties of various nucled by
several authors. The present calculations are attempted
to account for the energy level structure of Bulal and
Ba‘ms. For thls purpose it is assumed thst the above
nuclel consist of an even-even core with an extra neutren
outside the core. The last odd neutron has available to
it, the 35/ and ed3/2 orbits. This odd neutron iz
coupled to the quadrupole vibrations of the even-even core
and the resulting matrices for the 1/2%, 3/2%, 5/2* and
7/2" states are diagonslised. The eigen values and the

elgen vectors are obtained In this way.

The main parameters that enter In to our calculaw
tions are: 1) hw, the phonon energy which is taken to be
the energy of the flrst excited state of the correspomding
even-even core, 2) € , the energy spacing of the 551/2
and ada/2 states and 3) 2, the coupling strangth. As
there is not much experimental results mre svsilable for

€ , the values of € and Z are taken as parameters and
the best fit for the experimental energy level structure

1s taken,

BASIC FORMULAE ¢ We shall glve s brief description of
the formalism of the Unified model and of the wavefunctions
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in question and explicitely give the necessary matrix

elements,

The hamiltonian is H= Hcoll + Hsp + Hint

The basis vectors are taken to be of the form :

[ vRiTHy = = (/Rm"r'/jkm)[;'wQ [vRm'S,

The basis eigen vectors satisfy the eigen value equation

(Hc + HSOIJ:; VR ZH} = Cw;u + E{D/[; MR ;.L‘N),
Tﬁg.Pff'dijFon7L matri:ielemegyj,?re calculated from
FoNRGIN [t g2 R IM) = (=05 [1 oo « I
. o . V% V&' 0Gr+D
VR 8AvRY (Usf || Vo) LI (RRjf s 2L) » fo WKW
The eigen functions are thén a linear combination of the
. ; = A .,' ;
bssis vectors; }E'I"’) %’:k (/”RE/E)/I MR T"’);
In the above formalism Hi ¢ 3nd Z sre defined by

nt
pt = -/éﬂZkU %§T<£“+Cﬂﬂ!;;) Y%~(6¢)’

Z = K Lranc s
The values of the reduced matrix elements are tabulated
1.

by Choudhury

RESULTS: The matrices which are diagénalised range in
size from 4 x4 for I = 1/2 to 6x6 for I » 3/2. The various
parsmeters which are used in our calculations are given

in Table 1. The experimental and the theoretical levels
are compared in the Table 2, The energy values are
plotted as a function of the dimensionless parameter Z
But due to shortage of space they are not included here.
As can be seen from the Table 2, very good agreement is
obtained between the levels found experimentally and the
levels determined theoreticslly , Some states which are

not observed experimentally are also predicted in this

mOdelo
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In the above calculaticns we have restricted oursely-
os to only the 3870 d and 2dy/y particle states
and the coupling 1s done to the first two phonon states,
The level 11/2” is not predicted in our model because
the positive parity states are only predicted as mixing
of parities is not included,

The wave functions obtained are being used fer the
calculation of the electromsgnetic moments and transitien
rates and this part of the work is in progress. The
validity of the model is not complete without these

values,

TABLE 1

Values of the various parameters used in the calculations.

Bnrameter Bllal 81135

i {Kev) 356 604,6
€= (E5)p - By ) (KeY) 210 280
Z ( the dimensionless 1.4 0,%

paraceter)

fiw 13 taken from the spectra of the corresponding
doubly even Barium nuclei, which was considered to form

the core of the odd msss Barium nuclei.
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EFFECT OF PAIRING ON PARTICLE~CORE COUPLING CALCULATIONS

Ke Vo Chalapati Rao
Saha Instituto of Huclear Physics, Calcutta~9

The single-particle transfor reactions involve
direct transfer of a neutron or proton to the target
nucleus. Thus, if the reaction 1s done cn a doubly closed
shell nucleus,only one level will be excited for each
spin-parity state, since the whole slingle-particle
strength will be concontrated in a single nuclesr lovels
Avay from the closed shells, the single-particle strength
will be distributed over seversl nucloar levels.Thus,in
a (d,p) reaction on & nucleus away fronm closed shells,
soverzl levels will be excited with the same spin-parity
sach with a spectroscoplc factor determined by the single
particle content of the state. We have attempted to
understand this fragmentation of single-particle strength
through & core-particle coupling nodul( 1). which piotures
an odd-nucleus &s a coupled system of the odd-particle
and the oven-oven core. The excited states of the core
are treated as phonons, the value of the rphonon enorgy,
being given by the energy of the firat a‘- state of the
neighbouring even~oven nucleus.

If we pssume that a single-~particle state
available to the odd-particle is fully eapty, the
spectroscopic factor is, in our model,the square of the
goro-phonon anmplitude, 85003° Hovover 4t 1s well known
that palring effects cause tho single-particle state to
be partially occupled in the core. We take this effect
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into account by taking the cuptiness of the single-

particle gtate as UJ2 instead of unity. The spectroscopie
factor is then ajoojz x U32 o The value of 032 for each
slngle-particle state is taken as the ratio of experimen-
tal spectroscopic factor and ajoojz for the member of
the group of j states containing the maximum single -
particle strength.

The nucleillle113y115,117 Cd,113°115’117’119’121$n

in the 3s-2d-1g sholl and 22291963 y4 15 the 2p-1f
shell have been studiede In the former set the neutron

occupies the single-particle states s, /o d3/2, d5/2 and

4 and in the latter and £f .« The values
7/2 P12 Pa/a 578" ,

of UJZ calculated as described above, together with those
obtained from stripping reactions(z) are given in table(1l)
The values from the calculations of Kisslinger and
SOrensen(a) are also given for comparison. It can be geen
that our values agree very well vwith experiment in almost
all the. cases. The modified spectroscopic factors have

been found to agree better with experiment. As an exsmpley

the case of 113;4 15 shown in fig (1).
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Table{ 1) sz- values

siaieg | Som | dwa |2ds | gy

Lﬂuc‘leusPEK?E“?EK‘PEK

111‘:d 43 +83 «51]454,464 489) .25 425 ,86.436 25 +85

1138 45 66 «60{e77 276 ¢85/428 425 +89[o56 55 o790
cd l+44 o566 «69(.84 1.00.80|.22 .28 .81(.37 .62 +73
G4 [48 462 —|s66 470 — |37 W16 — |32 —
L3, |10 489 255|140 486 +80].20 430 +85(,33 o351 «87

1185, (1.0 .73 .57{.85 .72 87|, 27 .31 .89[,22 .19 .82
117, [+71 <60 +6B|.75 464 «83].19 .18 .91[s10 413 #76

119, 1,48 .45 075|067 460 476} .24 (2% .93[e2D o2 o657

121, 1449 .30 «83]e52 «60 «67]428 419 495[e51 .10 W57

2PV, 2Pa/y 1§ 5/,

Py 1.0 1.1 +89],78 478 .83] .80 .79 .73

6l l.96 .98 .80].42 .48 .80].68 .65 .53
631 |¢46 +71 +65[s31 +34 467,46 o40 466

P « present, £ - BExperiment, ¥~ Kisslinger and Sorensen
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Fi8.(2) s Exporincntdl lovols and spesctroscopic faoters
togothor with tho thooroticnl lavols and
modified spoctroscopic factors for u%d .

DISCUSSION

J. Dey: Could you please explain a bit about these

emptiness parameter U2.

K.Y. Chalapati Rao: U2 and V2 are the palring theory

parameters.U2 gives the extent to which the single
particle state is empty. If a single-particle state

is fully empty, U2 = 1; other wise it is less than one.
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CHARACTERISTYCS OF - INTERACTION
P.Cs Joshl and P.C. Sood
Physics Department, Banaras }ﬂndu University, Varanagi-5

The alpha particle model for nuclel has its
basis in the observation that inter alpha binding in
these nuclel 1s much smaller than the {ntra-alpha
binding cnergy. It hag been belleved that about 90%
of the binding energy in light nuclei results fron the
intemal binding within the constituent & particles
whereas the interactions between the [ particles
constitute only 108 of the binding energy. As eenly
as 1937 i1t @5 enpirically concluded that this resi-
dual binding energy 1s closely proportional to the
nunber of classical "bonds" between the &£ particles,
with 8bout 2.4 MeV per bond(zz Recently, there have
been several attempts(a) at calculating thig inter-
alpha binding energy starting with phenomenalogical
L~L 1nteractions(4). However these attenpts have
not becn very successful.

Wo have tried to look at this protlem in
analogy with the nuclear many body problem, In the
nuclear case the significant basis 1s the saturation
of tho nucledr forcos as revealed through the semi-
empirical nass formula, Accordingly we seek the
fundamental characteristics of the - force
through examiration of t-e casses (or simply the
restdunl binding energles) of the o= nuclei, These

cnorgies, as calculated from the mass tadles, Bre
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shown by open eircles in fig.l. Tho points are seen
to approximatoly fall on a straight line with an
intercopt at N, wvery close to two. For simplicity
of axpression vo asswic tho J[- binding encrgy of SBe
(Kg = 2) to be zoro (rather than the oxporimental value
of -0.105 MeV). Thon & least squares fit of the data
yields the relation
(B.B.), = (7.8152% 0.122) (N - 2) MeV veuus (1)

tho doviation as shown being only about 1.7%. The
conplrison with the experimontal values for individual
nuclei is better broupht out in f£ig.2 where we have
plotted (B.E.)‘L /N'( versus N.C . It is scon that
e, the 5L structure, is quite loosely bound relative
to any other nucleus. For 8ll other nuclel there is a
fair agrognent with the exporiment.

Thus 1t approars more rcasonable to assume
7.3 MeV ndditional binding per { as the basic charac-
toristic of the - force rather than the ordinarily
anccepted concept of "bond" energy of about 2.4 MeV(Z).
To put it in anothrer way, the ratio of inter alpha
binding to intraalpha binding i1s only 4 ¢ 1 (and not
© 1 1 as mentioned in the beginning) !

In order to study the fluctuations about, and
the approach to, this "saturation" value for J-{
- force we have plotted (B.E.){ / (N - 2) versus NL
in fig.3. It is seen that the "“saturation" value is
reached almost abruptly in going from the unbound
system for NJ\ = 2 to the three - { nucleus 12¢,
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Except for the distinet minimum for EDNe already
pointed out above, the curve shows very 11ttle fluctua-
tions about the "saturation" value. These fluetuationg
may result from the geometrical spacing of the various
d particles inside the nucleus which may bring about
thegse variations due to Coulomd contributions etc,

It 1s Interesting to look at thig curve in
conjunction with the binding energy per nucleon versus
nucleon number curve which is sﬁbwn ag dashed in fig.3.
It 1s seen that whereag the latter shows distinct sub-
snell structures, the £ binding curve does not
exhibit any such regular features. This corresponds
to the gtatement that in - particle nuclei there
is no such distinction as the core or the valence
particles; all the - particles are & priori on

rather equal footing.
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SHELYL MODEL DESGHIPTION oF (5/2)" cormoummons or
IDEITICAL PARTICL
A.X. Higam and P.C, Sood
Physics Department, Banarog Hindu University, Varanasie5.

In the effective interaction approach for descrip-
tion of nuclear spectra one defines thig interaction as
a two body interaction whose matrix elements in n par-
ticle configurdtions are linear combinationg of its
matrix elements in two particle configurationg. Thus,
knowing the two particle spectra, one can calculate the
energy levels for n »>2 caseg for comparison with obser
ved spectra 8nd/or prediction of yet unobserved levels,
Further the two body interaction may, in general,
contain terms explicitly related to different coupling
gchemes such that the respective coefflcients, when
avaluated from observed spectra, provide an estimate of
the relative contributions from the competing coupling
schemes, ' In this paper we exanine those features for
(5/2)" configurations of n 1dentical particles (protons
or neutrons). It nmay bc noted that thls analysis doos
not distinguish between d5/2 and £5/2 orbitals in as
much as the slloved J values for ()7 configurations
are the sanc in both cases.

Tor (5/2)B case thc allowed § values a oY, 2
and 4*, and the corresnondin: experimental gata can bo
used to definc a three paraneter interaction. Tollowing
Talnl (#rv~. lLod. Phys. 24, 704, (1962) ) wo take the
two bolv irtemdciton as

Hot B = ar2bJodo+ eo
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whose matrix elementsg 1in the n particle cage arg
L¥;) i i)
<J J’vl s H'.n*_(tiolj J'v> = Q _T_Q\Z:I_J_ +-L,[J(J+1)-'nj(j+¢)]

+ () (g3-n-vy “

vhero Q1) is the pairing operator and v is the geniori-
ty quantum number, Evidently the relative excitation
energies are functions of only two parameters b and e,
For n = 2 we get from eq. (2) the relations

p . EG) —E@ 3 E(kt) - 1o ECY,

7 5 ¢ Lz (3)

Out of (5/2)® configurations only case of interest left

howv is with n = 3 since n = 1(5) are single particle
(hole) states and n = 4 (two holes) is sdme ag n = 2,
For n = 3, the allowed j-j coupled states have J = 3/2,
§/2 and 9/2 only. Their relative separations in temms
of b and ¢, 8g obtained by using eq. (2),are as follows:

E(5/2) - E(3/2) = &b+ 4c j E(9/2) - B(5/2) = 16b - 4ec

(4)
Thus, provided two particle spectra are known, the

three particle spectra can be calculated.

We have carried out calculations for sixteen
n = 2, 3 sets of nuclei listed belov
Orhital Nucleon No. Neutron nucled Broton nuclei

1a5/2 10 - 11 18,19; 20,2lte Dye. 2lya, Lye.2Na

’ - 35 62,634.64,65,, Se-BR with 4 values
EREAS 104305 B0 o e a9, 80-81,

89-83

52 - 53 00,91an92, sgps Te=I with A values

2 a5/2 PTI8DTS VLTS o4 195, 126-127,
94y 9510 128-12

The results are available in a tabular form but Talmi
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had suggested a graphic rr “gentation, vhich also
brings out the competing roles of the pairing (b = 0
1init) and the long rénge (¢ = 0 1imit) coupling schemog,
These graphs arc shown in figs. 1 and 2 separately for
the proton and the noutron cosses,

The following &re some of the important observations
based on thig gtudy

(a) Wo obtaln & very simple oriterion for (5/2)3
casos for which the 3/2 state will 1ie lower than the
§/2 gtate. From aqs. (3) end (4) this is found to
occur for nucled in which the enerzy ratio E(4%)/ E(Z)
for the neighbouring even-even nucleus 1s greater than
2,037, .8, tha so-called 'vibrational' criterion in
even-oven nuclei also corresponds to lowering of {j-1)
state in 0dd mass nucleus, Thisg 1g found to be approx-
pately so except for 66z wherein a8 second §/2 state
also appears at 206 keV excitation.

{b) Although for 2%a the agreement is quite good,
for 2Nia ana 2Mie the predictions are quite low.

{c) In Iodine isotopes the theory prodicts 3/2 to
he nearly degenerate with 5/2 vhereas experimentally
wo find 1t ot about 200 keV in A = 125 and 127, and at
559 keV 4n A = 129,

(d) In other cases the agrement is fair to modere~
te; begt agreement is obtained for 932r ona "7pr where-
in 9/2 levels are predicted 8t 1,10 and 1,17 MeV
rospectivoly.

On the whole it moy be concluded that this formulaw
tion has not been found satisfactory for quantitative

N
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PROTON CASE

J= 9/2 |

(5 2)3
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doneription of nudleny mpoctrns  Thia mty vopul & fyom

A fforont admixturng of viartous confipumitiony 4n avone
ovon and odd mann puclot (po that the matrix olomontn
of tho offoctive Intoprantion do not yreundn tho gumn) oy
altamntivoly thia mny point to the relotively Aifforent
contributiona from the compoting coupling nchomon,
Mywny tho aimple aholl modol achau 1 notunlly found

to ba not gzo nimple hora!
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SHELL KODIL DCSCRIPTION OF (dy )" NUGLEX
Phvaics Dapartne:t}:.lglgggis ‘;{?gdﬁ'gﬁisgnuy, Varanosi~5,
The detailed deseription of nuclear energy leveld
in the sholl model scheme involvey the vse of an effec~
tive interaction. The nuclear spectrs ars then cBleu~
lotad undor the assumption that the parameters (or the
matrix elements) of thia interaction do not vary appre-
eiably from nuecleus to nucleus within any given con-
figuration. In the Talmi spproach one determines
thege matrix elements from the experinental data itsrlf
for, say, (192 configuration and those aro then usod
to colculate the energy levels for n particles in the
same configurdtion.
In this paper wa dlscuss the energy levels of
(/)" nuclet in the mags roglon 34<A<3, Tho §-)
coupled stateg in the senifority scheme may be laobelleg
bv four quantum numbsrs, i.e. total angular momentun J,
total isospin T, senlority V, and roduced fsospin t.
For (3/2)2 cngo four such (JTvt) states are possible
which, 1f experimentally known, can be used to
detarmine 8 four parameter effective interaction. Such
an interoction may be taken ag (1)
Hintl12) = 0 4268130+ cagp 4B411Tp ceees (D)
With thig interaction, the energy in the h particle cnso
con be written down in the form of n cloand exprossion

as given below
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£ ;)nJTvt/Z Hynt(14)/ 03wt > [nin_l).]a + [2(™+1) - 3d) b
+ {(u) (44 +8-n-1 - T(l\rl)+t(t+1)}c + {3(3+2)

- nj(J + 1)} do seesee (2). )
It is clear from egn.(2) that the excitation snergies
of various levels in a given nucleus depend only on the

three parameters b, ¢ and d.

Nuclel withn = 2

For two identical nucleous we have |T,| =
and hence T = 0 states of (3/2)2 configuration do not
appear for these even-even nuclei. For two non-
identical nucleons we have four (JTvt) gtates which,
as mentioned above, can be used to determine the three
parameters. Such nuclei are 3401 ana ¥K, The expeii~
mental(3’4) level schemes for these nuclei are shown
in figele It 1s seen that the gpectra for these two
nuclei 1s not identical; aside from the differences in
the excitation energies, even the ordering of the ot
. ang 8" states is found to be reversed between them,
Thus a single set of parameters cannot exactly.describe
both these gpectra. We have chosen an average set of
parameters with values

b = 0,953 MeV, ¢ = - 0.626 MeV, d = - 0,049 MeV.,.(3)
These values put both the O and the 3* levels at zero
energy. The relative separation of the ot and the g*
levels comes out to be 2,21 MeV which is also in good
agreement with the experimental data for even nuclei as

shown in fig. 1.
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The calceulated enargy lavals for (d3/2)3 con~
figuretion using the parameters given in ¢q.{3) above
are shown in fig.2 in cocparison with the available
experimentnl) data for corresponding nuclei. The
comperison reveals the interesting fact that not only
thare 15 disagreement on the excltation enargies but
rather 8 complete reversal of the level ordering sacms
to have oppeared. W shall corment on this serious
discrepancy later on.

Yuclet withn =4
For n = 4 the experimental information is
ayalladle only for one nucleus in egch of the two
clagsges ~~ the cdd-odd nucleus 31 and the even-aven

nucleus By,

The observed spectra for thess two
nuclel are compared with the calculated values in
£ig.3(a) and (b) rogpectively. In Bgy thers 1s
anbiguity Bbout the 1% lavel and although saverol
unagelened lavals ate knawn cround 4 HeV, the Q™2 = 2
level hag not baen identified. In view of thase
factors the 8greement cen be temed only qualitative.
For ®Ar again the nature of tho Bgroeuent s not

nuch different.

Concludtng Remarks

Our analysis ghows that the effective interde-
tion parameters as detomined from n = 2 gpactrd are
not satisfactory for the deseription of t.
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spectra and fail rather migorebly for n = 3 nucled,
The latter situation connot be remedied sioply by
minor adjustment of the pasrameters of the effective
interactlon but possitly corresponds to &n abrupt
change in the relative contributions of the pairing
oand the long range tems in the intercction with its
related implications about the nuclear shapes in thasge
nuclei., These features are prosently being investi~

gated.

REFEIEICES
1. Talmi and Unpa, Ann. Rev, Nucl. Sct., 10. 353(19€0).
2. Racah, Phys. Rev. 63, 367 (1943),
3. Enat, Van derleun, MNucl. Phys. A 105, 1, (1967).
4., Fortune, Puttaswamy, and ¥ntema,., Phys. Rev. 188,
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DISCUSSION

B.K. Jaint (hat s /4, in the interaction term?

A.M. Mantris Q/m is pairing interaction term with

ite matrix element given as follows

(f"J‘/‘{,Iz/fJ'> = (ZJ-HJ g:ﬁ






Of the mvemo acnttemng pz-oblem for rank two aepaublo

Yartat gon, in ng eHOrgy (ag Buch g 20%
in Bomg cnaen). his Tegy, 1 aux-prlelng noe pmvioua
calcula“ona Y Tabnkin(” 1ndy ateq only 5~lOZchnn
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(®)
!"abe.kin. These are the average between the singlet-S .
and the triplet-8 NN phass shifts and have been generated
by a gecond rank aeparabla potential of the form

VOK) = on [-40909) s Raob )] ()
with
_ o -3 -

WO = o =20 E s LR, (g

and e

R = =
{(k—aﬁb" {erdy™ £}

B =2.6645m "t but2ig st e L4480, ()

Arbitrary variations in the phase shifts in the high
energy reglon (E>350 Mev lab) have been produced in the
following way: |

£, (k) kgke

Sm(k) =
8,0k +C (k-k,) exp(k.-k)/00} /{ Pk} KDk (4)

'We have takenlc n (48 /JJ‘)k = ~ 15,03 degrees fm and

« (350872 2,064 £u~}. This avoids any kink in 5y
at k = k,. The factor exp[-(k-kg)/100] ensures that &,
goes to zero fast enough as k = =, This improves the
convergence of the integrals over b, without effacting the
phase shifts in the interesting region. The parameters
m end n produce the required arbitrary changes in the

phase shifts.
The attractive form factor g(k) of the potentisl

o
and the two body binding energy Ep = 4 *, = 0,43 Mav
were kept fixed at the values given by Tabakin.(z) The
repulsive form factor h(k) in the potential was obtained

in each case by solving the inverse scattering problem
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for rank two separable potentials as suggeated by
Yiedeldoy.

I11. CAIQULATION

Buclear nsttor salculatlons were done fn ths
reference spootrum approxination, Pirat and sacond order
terms in the refersncs G-matrix were evaluated, taking
the unoccupied mtete spectrum for the afngle partfels
potential to be zero. The higher order terss were eatima-
ted by the geomeirie series approximation of Dahll ot.u.“)
Selr-vansiatency with respest ta the reforence opectrum
gap paraseter & and the effective msss n"for the occupied
apectrum was schieved by iteration.

IV, BESULTS AND DISCUSSIDN

Emy doea not seem $o depand very mich on the phass
shifts for k > koo At maturation kp 2.4 fn'i, Egy varies
from 29.1 Mev to £8.3 Mev, Slightly larger vartatfon is
oboerved at ky » 2.4 £}, More repulaive phass shifts
always lead to decresss in the binding energy. Simflar
nuelear matter cslculations wers reported by nw.‘” By
aspuming poaitive phase shifts and using rank gne separable
potantinle he got much larger changes in Exy by varying
the phase shifts in the region X ~1m‘1. This {= expeo-
ted since this rogion is rather important., We bavs
1imited our study to E>350 Mev lad becauyse it s in this
region where the phase shifts ars not kuown secarately and
unamb $gously.

1% appears that 'physically rensonable® forces
would not produce large variations in the binding energy
either in puclesr matter or in triton. Large chaages in
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Ep, reported by Fiedeldey,(l) wore obtained only when the
attractive form factor was made unrealistically short
ranged (0.2 ~ 0.6 fm),

Our results confirm the findinge of Elliott ot.ai?)
that nuclear structure calculations do not depend

significantly on the high energy phase shifts,
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DISCUSSION

HE.R. Kldwal:r COan you tell us the values of the pera~

nmeters in your calculations,

M.X, Srivastavat AZ0,9
W04

C.B. Warkes In view of the fact that the T ~threshold

!
is at 290 MeV. How much is it zmeaningful to ¢onsider
a potential between the nucleons at very high energy?

M.E, Srivast;;val Aspuming a phenonenological poten-

tial, the purpose is to Btudy how iis characteristics
are reflected in the many~body calculations.
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THE DUAL CORE MODEL FOR BLO yucreus
K,L.Narayana and Sharmrao B,Desat
Departrent of Phg{ga, Shivaji University,

apur,
-0

INTRODUCTIGRI

The estimates of binding energy made by De Shalit
and TamttH??
eontributions especlally for the nucleii which fall in

indicate a quantitative extra-core nuclecns

the m1ddle of the shells, De Shalit and Talmi have attempt.
ed to explain the exact contributions to the binding
energy both by taking into account the inter-configura-
tinal mixing and deformation effects,

However in view of the fact that the extra-core
nuclecn contributions are significent an attempt has
been made earlier by Nuaya.na(a) to estimate the binding
energy of the boran nucleus with the assumption that nio
may be considered as resonating structure of a single and
possible mltiple core structures, His calculations
indicate a 40% dual core compoment (with Gaussian vave
function and §0 Mev strength) in the total nuclear wave
function, This result is comtradictory to the conclusieon
arrived at by Wergalmd(”.ﬁ'hs lzter has nmade a variatiom-
&l calculations in which the of -model wave function is
modified by an admixturs of an slliptical model wave
function, Ho takes™/= Y+ 2 YL  where Y4 13 en
antisyemetric sum of product of eight Heitler-Londom form
of nuclecn orbltels and [y a sizflar wave function for

® U,0,C. Research Scholar, Shivaii University, Kolhapur.
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6lliptical model , The variational caleulation gave rise
to a value of A = 1,3 suggesting that nucleus remains
somewhat closer to the elliptical model that the ol -model,
However, elliptical model itself resembles o/-model much
more than the shell ( a central ) model’, Thus this result

suggests a pronounced role of the dual core component,

The object of the present Investigatlon 1s to improve
the wave function which desgribes the dual core structure
by inclusion of higher order radlal and angular orbitals

in constructing the extra core nucleon wave function,

METHOD AND CALCULATION
Based on the considerations of (a) Flexibility of

the wave functlon to incorporate deformation effects and
description in terms of the probable clusters, (b) Accura-
te account of the correlation effects, (c¢) Optimum conver-
gency property of the wave function with relatively few
terms of higher order orbitals mixing, the wave'function
has chosen to be of the form,

W=z G E1,e) S1+PuiX &

bilral= ¢ S rafei by P

303, N Ma ? ‘

wherez and the corresponding )1 are the distance and
angular parameters of a nucleon relative to the centre of
the nucleus and Q 1s the dimensionless parameter assocla-
ted with the separation of the two nucleons, The X and B
functions are respectively the ordindry and isotople
functions ( for T=0 and J = 3% state). The exponents

Coci;lai)and Ci are the variational parameters.
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A protauuthl(s) coordingte system vir, the body
aysten of tha coordinates which moves much slower than the
motion of the nuclens itself has been used,

RESULTS;

Thres different vave functions @ (1,2), 1,2
,¢3(1,2) are chosen at first to compute the ground state
energy vith the values for ( mg, niy J1s ki 1) respeoti-
vely as ( 00000), (10000), (00002), The energles® that
would give rise to directly with the Hamiltonian H pravis
ously wentimned™ or 510 nucleus are E; = -46 Mav, Eyy= 38
Mevy and By = =222 Mev where By stands for

<¢t 1,0 ’H’ l‘PJ- (1,2)> . The first two correspond to
the energles one obtains with the assumption of pure shell
model s and p orbitals for the outer most nucleons,

The lovest ground state energy for the Bm nucleus
with 10 Mev  «force turned out to be - 62 Mev when all
the three basis wave functions given above are admixed,
The amounts of the admixture are 104, 183, 71% respectively
for the three basis wave functions, The low 10% 1s chara-
oter 15 in conforniby with the studtest®) of the ( p, 2p )

scattoring oxporiments,

The author (X,L.N,) 18 dseply indebtsd to Professor
K.Rangadhama Rao asnd Professor 0,M,P,Bilaniuk, Gvarthmore
college, Swarthmore, U,B,A, for thoir intersst and
encouragesent,

L ]
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HOPEL INDEPSNDZNT NO PARAMBIZR ANALYSIS
OF SIRGLE PM TICLE LZVELS OP LIGHT WUCLSI
USIRG THE PRASE SHIFT METHODS OF EIL I0TT.

Jishnu Dey
Dapartment of Physics, Chandernagore College, Noogly

1. greonmoriaN

Hyeh attention has bson drawn recently to methods
due to Blliott, of getting nueclear matrix elements
directly froa phase shifta. The valtte of these matrix
elexants was shown to be remarkably independsnt of the
parsmaters of the auxiliary potential which fits the
phages roughly at a given energy, this value being the
integral of this potential with the eigenfunction et
thiz energy plus the born tern for the difference of
phage shifts, The relevant energy, as the eigenvalus,
is dependent, through wmatching conditions, on the
laboratory energy 23 well as the depth of the potential
80 that the shift in the elgenvalue coupled with the
enargy variation property of the phase shifts make the
wmatrix independent of the auxiliary patencznl.u The
natching also ensures healing of the wavefunction. 2

Tha set of matrix elomsnts given by Elltott and
his co-workers wers Applied to muclear mattor by him
and the present author, - and in first order regsonadble
binding was obtained at reasonable densities, The
The second born type corrections gave ssall contribution.

(4



Other correcctions from the con,¢ Are neccessary for
saturation at high donsity(a), thelr nature was
indicatad 8 y and thelr marnitudo estimated(4),1t
was found that they have the correct sign and
magnitude at high density - so that they may yield

the required satruation. (
6)
Douteron properties and properties of other

nuclel worc calculated with these matrix clements by
Blliott and his collaborators, including the prosent

author (3).

sarlior, usin; born approximation without any
auxiliary potentinl, a set of matrix eclements were
doduced by tlllott, lavromatls ang Sanderson(7)for
P and D relative channels, and these were found to
yield good spin orbit splittings in light nuclel.
The method was applled to S-states as well, and
oxtensive sets of natrix clements were deduced by
Sprung, Srivastava and Jopko. It 1s possible to
intorpret thesc as ma‘rix elevonts of a free reaction

matrix, t , following sugzestions by Brink, Pelerls

anc otherifcgomc of our finite nucleus calculations
were repeated for thls cfre: ané¢ comparison of these
with other ealculations reveal interesting resalts.

It is found for example, that the b = 2.0 fm, matgix
elements upto il = 6 published by Sprung ct. al.(8 are
enough to get a bincding of 2.2 Mev for deutaron, For
this b value even for the 2lliott matrix elements 1t
is not necessary to extrapolate, and for il = 6 quanta

a binding of 2.4 Mev and for N = 8, 3.2 Mev are obtainmed,
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Rore details of tha calculation will be glzgsz elgevhere
but the econclusiona of Bllfott and Jackson besed on
caleulations using much ssaller b, seen to need sous
modification. A general rasult sesms to be that the data
upto 300 Hev is sufficient, and both the mothods tend to
overhind t through the underestimated core in the Rlliott
method and through overestimated long range part by
negleet of the Paull operator in the t .

freo

11, SRCOND ORDER CALCULATION OF SINGLE PARTICLE SPECTHN.

in a consistent caleculation of the energy
diffarenve botween 8 closed shell plus one and closed
shell, ono should include, in addition to the first
order, five typas of sscond order diagrams. This involves
ladder type and Hartroe type diagrams involving particle
and hole lines in each type, and the two involving holes
are ropulsive while the two involving particles are
attractive. For light nuclel the hole dlagrams contribute
little or nothing and the Hartree type diagrams are small.
The fifth diagran fg & crogs batween the two types &nd vas
first pointed out by Sliiott.This shifts a level § by 3

88 = (4302) } (apen) [, @yt sy T 96,
1
v T
th""’z +122_+1¢h b 3 TIVIb BT, T2k w

in the standard notation. ¥ hare 3tunds for the nuclear
potantial minus the relative oscillator, tho
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proportional to hw/A, With this the last sum in (1) may

be seen to be the binding energy of the elosed shell
differentiated with respect to b, = Thus for the £lliott
method, due to the lack of saturation, this diagram is
always repulsive making the total second order contribution
small or even repulsive. This does not help the absolute
position of the levels or the l-splitting problems of

Dey et al.(3) For example, in Oxygen 17, the 0d is

4 Mev unbound while the 1s  gets 1 Mev below thg/gds/zo
This way the lack of saturation through the neglect of

the core gets in here as well.

free

An easy first order calculation with tfree vields
better results. The Od5/2 level of the Oxygen nucleus
for example is now 1 Mev overbound and the ls% is 0.1
Mev above it. It is reasonable to suppose that if the
Pauli operator effects are taken care of properly the
levels will be shifted up, the s-level more than the
other. Hence, to get good single particle spectra the

core has to be treated as an important factor.
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REACTION MATRIX CALCULATION WITH A NON~LOCAL
SEPERABLE POTENTIAL

Q.N. Usmani
Departmont of Physice
Aligarh Huplin University, Aligarh, U.P.

ABSTRACT

Kallilo and Day version of the reference spec~
trum method has been applied to calculate the reaction

matrix elements of a non-local separable potential,

The basic cquation hao been reduced to non-h

second order integro-differential equation, which 1s
then solved by the Green's function method. The Pauli
operator Q has been treated very accuratly in singleg

as well as in triplet states,
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Genernl Commento by C.S. Warke

In view of the fact that nov-a-days one does
(0Oak ridge Fgroup) nuclonr spectroccopic calculations
with 500 to 650 component wave functions, one ahould'
nok one self, how far can he stretch the single minded
cnlculationo of the name properties using J"’ one
conponent wiave-functions and a phonon particle model,
I muot add that such calculations are always sielcomsd
to explain now phyecicel reoults but epectroecopié gal-

culntions certninly should be avoided.

In low cnerry nuclear physics we use N-N
potentinle which fit the secattering data upto 350 to
400 eV and deutron properties, One gets many foten-
tials which rive the same experimental results. The
queotion then arise io how to choose or discard some
potentinl from these., Of course one could test these
potentials against the data on p- P bremstrahlung and
photo disintegration of deuteron. However, due to the
fact that these do not go very far off the shell and

with the large experimental errors and these potentials
reproduce these results. Therefore one would like +to

test various potentials against the nuclear binding and

encrgy levels, and see whether these are ihe sensitive

functions of the potential, This was the aim of the

papers of M.K. Srivastava and J. Deye.
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AN UNIFIED THEORY ON THF STRUCTURE OF
ATOMS AND NUCLEIL

R Ramanna and § Jyoth!
Rhabha Atornic Research Certre, Dombay
A manifold tan be defined as & set of overlapping patches of
coordinate systems which are individually euclidean but globally non.
cuclidean F Cartan‘'s geometric theory of partial differential

"

e

1] ints in deflning a partial differential equation on ench
roordinate patch of the manifold In the overlapping reglon of the
manifold the two differentlal equations must be invariant Deprading
an the nature of this manifold, this {nvariance gives riae to apicial
results,

If the differential fons represent physical

equations {, e, , the Schrodinger equations and the coordinate
systemn are of space and tme, it can be shown that the energy of the
system is minimined {f the coordinates of the firat aystem (x,, tx) are

related to those of the second ryetem {x;, 15) by the Cauchy-Riemamn

relations
Az, _ ab. [ A |
—a*“'xx 3% =¥ ant SES TRV W

We rultiply all quantities lnvolving time by ¢, the vilocity of Hght,
to make p and q dimensfonless quantitice.
The minimisation of energy is shown with the help of the

Dirichlet principle, which slates that the fntegral

I gi,l [t dude @
D
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18 a minimum if ia‘ + i \bf , la{- i Ib( are harmonic functions.
Here ‘n, and ‘bl are functions of x and t and Dy, D_ are the
- 8
domainsg of the Integral over x and t.
Consider two Schrodinger equations defined in two overlapping

domains with different coordinate systems (xl, tl) and (xz, tz)

K 3Y@.e ‘
o ’6‘%‘"1 + Y (xo8) Y, e =t %me(xue.) 3
|
T o
Tw" [ ‘
?%L%%Lﬁ) +UL(¥1,(:,)'\K(J,_,EL) = ik %%}M(«:)
By a coordinate transformation of (XZ' t,) into (xl, tl) according to
(1), it can be shown that in the overlap region due to invariance, the

following equation holds:

O _ L(dp\ _ rmc (m-mp(dm-mp _ 4 fo .
P2k 430 ~Hp= (emOmany - ol ol

The systems considered are stationary (time independendent) and the

(5)

potentials Vi, V, are real.

Equation (5) is a standard non-linear differential equation
which is invariant to automorphic transformations i. e., the solutions

could be elliptic functions.

The function used to explain atomic structure is K
Kx dnEKLT o f
- e [.... 'Ju S'nt_._.’_ + 6
mass of electron
where A, B are constants, n is an integer, f/- * Thass of proton

0{1; is the radius of the first Bohr orbit, the modulus of the elliptic

4K 4KX - o _
functions Snil4, dn 2B is k = Sin 45" = 1/ 5 and
g Ny, \E

K = complete elliptic integral of the first type with modulus = k = llﬁ.
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Putting (6) in (5) it can be a hown that for certaln fixed values
of A, B and lor amall values of xj, vy approximatee to a 1 /x law
From Eq (1) and {6} it can be shown that

X
17.:%*10( A_éé‘_O?%-—‘{u + Q@ (1)
where Q 18 a constant of Integration and 5 1s a ecallng factor relating
the potentlals Vy, V, ata polnt {n the averlap reglon by the equation
s = My fmy

We define the radius of the Bohr orbit as the distance between
the orlgine of the two overlapping coordinate systems measured in one
of the nystems  1f {x})

xz=
for the point corresponding to x - 0 in the x; system and ("z)x[=(‘ ie

o 18 the distance measured In the x; system

the dietance measured in the x3 system for the point corresponding to
%y = O {nthe x) system, then from (7) it is easily deduced that
(Te ="y #
where n=1,2..,......Thia i the usual expression for the Bohr
orbits,
The encrgy of the many body system can be obtained from

Eq (2} in the fallowlng manner. We aseume

ia il = SDEEE+ AN {5 +55t)
-l = S -4 (52 -4

For a characteristic time t = Ty, due to the double-

)

perlodiclty of the Integrand of (2) we can write

F=a 3&;5 jsn (e )l 2 i)
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Thb energy plven by the integral {e the encrgy ancocinted with a given
domnin. It {n nprumed that it 1o distributed over the c’orrcﬂpondlng
domalin In the complex planc, An atom in its stable state o characte-
rised by It average ponition and the domain width A . The average
positlion of the atom har a reat part and an imaginary part. It {s
nanumed that no two atoms can have domaing of the same width unless
they differ in thelr average ponitions cfther In thelr real parta.or ln
Imnginary partn. The shell structure arices because of the reatriction
that no two atoms can have the same three pnrameters viz. the real
and Imaginary parte of the average position and the domain-width.
The above restriction ln consldered as the geometrical equivalent

of the Paull principle which gives rise to a shell-behaviour in the
upual quantum theory of atomic structure.

To compare the measured encrgles of atoms in stable state
with those predicted by the present theory, the domain-measures of
theme ntoms are mapped into an order on the real line by a Schwarz-
Christoffel transformation. Consider the lattice of points in the com-
plex plane implled in (9). The points of this lattice form the vertices
of isoscelen right angled triangles. It can be shown that all latlice
points along the sides of right ~angled ispsceles triangles with base
lengths equal to 2, 7 or 14 in some arbitrary units cah be considered
for mapping. Along the real and Imaginary axes oddmultiples of K
for domain-widths Jead to stable states, while along the hypotenusexX

nll multiples of (-K + iK') for domain-vidths are allowed.
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Fleure 1 8lves the selectey bPointy

on the €Ompley Plang,
When Cach Point ¢4 fittng with the 2ppro,

Priate Blom vy Ven atomy,
number, it 1 8ecen that the entipe Perio,
note the rollowlng:

dic table ¢, reprcduced. We



244

>
[-4
<
=z
(o]
<
X

2He,;oNe, g
KTy 5 X€,g R

L“---

ol

GIDN e
a.d_ S - §
s CasZl) \
4-.) \ —'VD\
\ 'Lk’“...o__:-
h) 4Ry,
AN CiaPil
N Gt
AN
N\
\
\
\
\
N\
\

The periodic table of elements obtained by arranging the
even number atoms on the sides of right angled isosceles
triangles on the complex plane. The Paull prineiple

appesrs &8s the exclusion of more than ons atom with real

or Imaginary position having the same domain width.
The dotted-lines drawn vertically link up atoms with

similar chemical properties.
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TABLE

Electron-binding energy valucs In electron-volts of present theory
compared with experimental values and the exiating celculated
values based on the Fermi-Thomas model and that due to Foldy

2 Expit Eq Ep Foldy Ep Ferml Ep Cal

2 78 884 78 63 79 27 78 884
4 399 033 400 30 399 50 408 300
& 1029 805 1041 oo 1029 00 1067 100
8 2043 189 2068 D0 2013 00 2055 400
10 - 3535 00 3389 op 1313 lee
18 . - 1 336x10? 1 s23xs0t
20 - 1 833x10t 1 708x10% z 1005104
3n - 4 8lixed 4 399xt0d 3 5735104
3% . - 6 731xt04 5 674x10%
40 . 9 590xt04 8 607x104 1 1732105
50 - 1 637x10° 1 449x105 1 528x105
54 - - 1 734x10° 1 813x10°
60 - 2 532x105 2 217x10% 2 245x105
70 - 3 663x105 3 177x105 2 620105
B0 - 5 049x10% 4 388x10° 3 041x105
86 - - 5 135105 3 796x105
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DISCUSSION

H.S. Hano:  Your throry seemn to be not physical, but somewhat
symbolic. How can we got the Hamiltonian between two nucleons,

or two eloctronn,

R. Ramannn: The theory is no more non-physical than any other
conventinnul theory of nucleus or the atom. If one believes that

the Schrodinger equation describes a physical system and that we
are not denling with two-body problems, but many-body problems,
the theory is as physical as in any other quantum mechanical
approach to many-body problems, It may look somewhat symbolic
in the scnsc that the appropriate space which has been determined,
in which each point represents the ntate of the many-body system in
its ground state and in this space there is straight-forward geometric

symmetry in an abstract complex space.

B. K. Jain: In conventional nuclear physics calculations Hamiltonian
used has the two body interaction only, More than two body inter-
actions are neglected. Now in your model you don't have Hamiltonian
as such. But could you say if the interaction which somehow or other
has gone in your theory corresponds to the Hamiltonian of conven-
tional theories, .which have two, three, four body interactions in it,

If it is so your theory would be much better in some respect at least.
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R_Ramanna The present theory fa one {n which the whole
ansembly of particles 1s treated an a single aystem, { ¢ globablfy
and the theory 18 developed in such & way that the {ndividual two.
body Interactions lonse their meaning  In this form the theory has
many great advaniagas It {r however shown that under certaln
approximations the two.body forces which one usually assumes in
conventional theory comes out &8 2 limiting sitvation (Coulomb

law etc,)

§ Ramamurtis 1} What i» there in the physical notion of the

atom - nucleus surrcunded by electrons - to suggest the manifold
you have used? 2) Similarly, what in the nucleus suggests the
terma? 3) Canus pay that you have shown that sclving Schodinger's

wave eq in certain ifolds you are getting mathmatlical

expressions which are what are encountered in the physics of

certain systems?

R_Ramanna 1) The physical notion of an atom, { £ a nucleus
surrounded by electrons, is suggested by the fact that the Bobr
orbita can he obtained directly from the theory under the assum.
ption when the proton is in the origin of vne coordinate system,
the electrons are respectively in the centre of the overlap-

ping coordinate ayatems, which together form the manifold

2} Whether jt be the atom or & nucleus  the space time
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manifold is defined on the surface of a torus which 18 another way

of saying that the solutions to the nonlinear differential equation

are invariant to automorphic transformation, i, e. .soluions which
are doubly periodic, It will be recalled that when the purface ig
that of a sphere one obtains spherical harmonics and when the
Burface is that of a singly punctured topological object, the solu-
tions are elliptic functions., For higher punctured surfaces, one gets
abelian integrals, All these solutions correépond to cases where

the energy is minimised, 3) Yes.

T, V., Ramakrishnan: Can solutions describing molecules, solids

etc, be obtained?

R. Ramanna: I have in the present paper extended the theory from
the nucleus to the atom and shown that both can be satisfactorily
described. In principle it should be possible to extend it to mole-
cules and solids, but it may perhaps turn out to be trivial since

the symmetry in molecules and solids is the symmetry in Euclidean
space, It will be noted that the two solutions used in the cases of
atom and nucleus respectively are the only ones which lead to
single-valued solutions. There it is possible that a description of

molecules and solids may come under this categorgj'. In any case,

I would not use this theory for determining the struct ure of mole-

cules and solids.
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The intrinstc mans quadrupole moments (QHF) are very nesr
to thoge of the appropriate maximum wofght 5U3 states,
however thope with cage b) are clightly gmaller, This
shown that the SU3 syrmetry 16 broken to a slightly
larper extent with renormalination, probably due to an
{ncreare in 'patring' type of matrix elements, The over-
taps with the arynptotic Bileron orbitg displayed in table
2 confirm the near 5U3 symrictry of the HF states 4n the
a) and b) cases, 4&n incresce in HE gap between the last
occupied and the fivet unoccupied orbits found in case b)
relative to casc a) may also be the result of the breagke

ing of the SU_ syrmetry to some extent and should result

3
in a more apread ocut spectrum.

The spectra obtained by projecting good angular
nomentum states from the various HF ctates (PHF) are
shown in the Fig.l. The comparison of the PHF spectrum
(b) for zqqc with that of shell model calculation of
Halbert et.ulcb) (d) chows a good agreement, The spectra
(b) with renormalised interaction are consistentely more
gpread out as compared to those (a) with bare interaction.

We note that Kuo(3> has considered configuration
space of first four major shells to calculate the effect
of virtual one particle-cne hole, two particle and two

hole excitations in renormalising the bare interaction.

We employ the same configuration space for a multi-shell

PHF calculation for zoﬂe and show the resulting spectrum

in Fig.1, in column (ec). The d-& ghell HF calculation

(5)
for 20Ne with "bare" {nteraction of Elliot et.al ”’’ yields
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results in cloge agreement with those in case ), The
watrix elenents In twn coaes are also clome within o few
percent, Hence we employ the interaction of Ellfot et.al.
{n thig eutef~shetl PHF cateulation () a1d compre the
spectrum with thit 1n case b). The atreement 5 quite good,
Aleo the nultf-shell HF results tn o larger pap at the
Fermt surface as coppared with that in desz shell
calculation. This estghifishes a nice parallelist between
the two methade of taking the core-excitations (nto accounts

REFLRE CLS,

1) Y.T.5. tuo and Brown C,E, Hucle Phys. 85(1966),40,
2} MR, Guoye and $.B, Khad¥ikar, Fhys. Rev. Lett.24({1970)910.
3} T.1.S. Kuo, Nuel, Fhys. A 103 (19673, 71,
4} E.C, Halbert et.gl. lreprint (to be published in
Advances in Nuclesr fhyslcs}
5) J.F, Elltot, A.D, Jackeon, H.Ae, Mavromatis, E,A.

Sanderzon and B, Singh, lucl, Phye. A 121{1968), 241,
TABLE.T -

Hartree-Fock energims (LHF) and tntrinsic quadrupote
moments (QHF) for o) bare b) venomallsed interaction, The
5'-'3 tntt values for intrineic quadrupole noments are in

the last eclum, with approgriace syrmotry { M 3,

LUF QE (4n units of b°)
Hucleus IS .
a b A b
29,, 17,66 -21.22 15.59 15.45 | 16 (8.0)
2"*’8 45,61 =50,34 19.38 9.2 20 (g.4)
285, ~94,32 -97.88  {-23.03 #2296 §-26 (8.12)
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TABLE « 11

Overlaps of anymptotic N{lsgon orbite with occupled

HE orbite calculnted with bare Interaction.

' ! | i i
b lucleun f x.1/72 { Kedz b kes/2 |
i ; ! ! |
’ ; | H i
: zc‘“”(PfOlntc) : 0,984 $ - $ - ;
4 ¢
H ) |
¢ ! } ! l
g 24 (protatey b O+986 : 0.987 : . !
i } : c ‘
i 5 ! 5 ‘
§ 28gi(oblate) | 0,992 | 0.967 ¢ 1.00
i i H ; !
§ i i { ‘
3 4 i ! |




A SCHEIATIC DESCRIPTION OF YCOLLECTIVE'STATES OF FUOLEI
8,¥%, Sharma,K.Y, Bhatt end 3,3, Khadkikar
Physical Remearch ILaboratory
Ahnedabad-p,

An approximate but micropcopic and unified desori.
ptlon of both the configuration-mixing caleulationa for
nesr-cloped shell nuclel as well as the low-lying states
of 'rotating' deformed nuclel Lo ohtained by projecting
out states with good angulsr momentus from an intrinsio
state obtained by varlational proceduras auch se Hartreo-
Yock or Burtrae-?‘onk-ﬁogonubcv‘ 1 formalioms, This
implies that the low-lylvg atates of nuclei ocan be odain-
ed by the various couplings of the get of states with
different angular monmenta IJP> and |35 of the Proton and
Ueutron groups in the intrinsle etate and our attempt in
thip dlrection as described in this paper has been further
motivated by the observation that in & well-dsfored
nusleus the states lap> and |J,> separately exhibit rote~
tion-1ike features, Thus the expectation value of the
proton{neutron) parts of the Haniltomian in the states
lJP) ”"n” have rotation-1ike spectra and the E2 transi-
tlong betwoen theae atates would be 1srge,

The tokal Hamiltonien of the aystem is “"X,‘“p*%p
where H’n(ﬂp) in the neutron (proton) part of the Ha=il-
tonian. Since one of the dominant terms of & reasonably
lunz-mn'ge two-body interaction hae guadrupole~quadrupole
form, the p-n interaction hore can be azsuzmed to be
quadrupole-quedrupole type, Thus we have %n' txpn qﬂqn-

(s
A pnlpeQys vhers Qe B, Q) and Gk, R



In our sthematic model we consider two types of collective
stateg-rotational collective states and vibrational
collective states for representing the states belonging
to proton(neutron) groups. Thus when the gtates belonging
to proton(neutron) groups are rotational the reduced
matrix element of the quadrupole operator and the spectrum
for protonineutron) part of the total Hamiltonian are
given as

QI = (Gaeelyo)Qly 5 Gy« Ap3Ge) (1)

Here the factor (Jp200|Jp 0) is a Clebsch-Gorden

Coefficient and Q2(Q) 1s the intrinsic quadrupole moment
for the proton(neutron) group, In the case of vibrational
collective states on the other hand we have (denoting the

vibrationsl collective state as |nd> where n is the phonon

nO.)g‘ J

'—_J ’ f;
@ 1Y = bl fimt {ea S NRE, 1o Ihoyad, ) (2)

*

Here <nJ|n'd> ig a coefficient of fractional parantage.
We discuss below the results of calculations for cases
when a> the states of proton- as well as neutron-groups
are agsumed to be rotational, b> the states belonging to
the proton groups are agsumed to be vibrational and c¢> the
gtates belonging to proton-as well as neutron groups are-
taken as vibrational in nature. Hamiltonian matrizes are
sat up anad diagonaligzed in each case after putting some
angular momentum cut-off in the spectra of protons and
neutrons,
In case (a) where the states IJp> and |J,> are rota-
tional, the matrix elements of the total Hamiltonian with
‘the states I[Jp x J;] J> as basis state can be written as



Q42T IRy = A ot AL LI 1 B

‘KH)* {mw‘)h,)’_‘.,)z)HZuHo)(Jh.I{n) (6]
In addition to Ap and A, we also take the product

K= Agn % & ac a parancter, WithAw A=0.3 YoV and
for sufficlently large values of the parameter A'such am
~13 MoV, wo obpervé that 1> approximately rotational
epeotrun resmults for the total H and 11> the low-lying
states exhidit tcollectivity' in the sense that each of
{them can be projected from an assumed ‘intrinsic' astats
to a good extent, Those resulis have been shomt in tha
figure R-R{a). Similar resulte are obtained for odd nuclel
whare we take Jp— 0,2,4,8 ena J,= 3/2,5/2,7/2,9/2 end the
energy spectra 1y shown in figure R-R(d), Apart from the
emergenae of rotational spectra !'or the low-lying statss
the moment of inertia parameter{is= /IJ) for the spectra in
both the cases is nearly half of the paramster Ap(=in},
Further if the states ]J > gre assumed to have ¥=1/2 band
pammtage and accordingly when we enploy the aspectrun

[$4 lnh].f dukyd (3,+1) + 0 t1) "(J.x) the decoupling para-
neter for tho final spectrusm also tums out as nearly
helf of @ . The energy spectrum in this case is shown in
f1g. R-R(e).

In case {b) whore the atates pr> are rotational
but the states |J,> are vibrational, the matrix-elenents
of Wy, become  {{4and)3 [ MITVEAUELE

A " Qe
The matrix-elenent (nJ Q%' 32 > 15 avaluated by making
use of equation (2). The product of Kpn.ﬂg and the

conatant ¢ 18 considered as a paraneter hore r
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ON TdE ORIGIN OF HARD~CORE

Rarinles Bhaumik
Balin Institute of Nuclear Pluyrlep, Cnlcuttn~9

ABSTRACT

fie have tried to give a theoretical explana-~
tion of the arigin of repulpive~core in N-R inter-
petion. We have been able to form a succevsful
OBEP fodel which can generate a soft repuleive core.
Thin soft vore ia, of course, hard enough %o account
for the obmerved chonge in the sign of the 180 phase~
shiftn, The consietency of this model io being chocked
in explanining the expsrimentally oboerved gquantities
e.g. seattering lengths effective ranges, phase-shift

paraneters ctee



~262-

DISCUSSION

8. Ramamurty: Please inform whether, on this appro-

ache +the K-meson has any relations to the hard core,

K. Bhaumlks This 1s WN-N interaction. Since nuclsons

are particles of ¥2 isospin, there is no provision for

exchanging any i1sospinor object.

G. Ramachandrans Can you tell me what numerical value

1.
of 3wNN/qn- is in your calculations and how it com-
2
pares with the value of ?A,Nv /Lm‘-'- lo,which you have

mentioned? -

2
K. Bhaumki: The value of 3w~N comes out to be 1.8,

But some more contribution comes from the Pauli part
.—’Yv‘lw‘h-

of the coupliﬁg', which makes \/w = 5.4 € .  The
. >
value of %Alm\’ should not be relied much, as most

of the short . ~range effects are made reSppnsible of

Al in our model.
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FISSION PROPERTIES OF SUPERHEAVY NUCLEX
S. Ramanurty, M.V. Ramanamurty, K.Parthasarsdhl and
€. R. Chandran,

Lsboratories for Nuclear Reseaxrch, Andhra University,
Waltsir, {A.P.) Indias.

X. INTRODUCTION

Many studies have been made on the liquid drop
theory of nuclesr flssion. J.R. Nlx, in a recent papsr
discussed the fission properties of some superheavy
nuclef. An axtensive table is now prepared for the
mapping of the fission properties of superheavy nucled
in the Z-range 110-134 and mass region 288~324, Actually
studies are being made concerning the existence of these
superheavy nucled, It is definite that if such nuclei
exist, their fission properties can be extensively
exploited, For instance, the neutron out turn of the
nucleus { ég: ) is calculated here to be as big as 9/
fission and the energy release per binsry fission alone
is 469 MeV. The large value of the number of neutrons
emltted per binary fission of the superheavy nuclei is
due to the fact That neutron separstlion enexrgy 1s low,
These predicted fission properties can be verified when
experimental information is avajlable. A new process is
here investigated for the first tims to our knowledge
viz quarternsry fission. It may be of in sppreciable
importsnce for the nuclel. Our celculations extend upte
the heaviest of nucleus which can exist zccording to
UCRL~11980, viz ( ég:). The masses used for these
calculations are taken from UCRL-11980,
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The quantities calculated are the coulomb and sur-
face energies and the fissility parameter of the super-
heavy nuclei, the energy release in binary, ternary and

quarternary fission of these nuclei, the kinetic energy,

the excitation energy and the temperature

® of the

fission fragments in binary fission and the quantity

n= Xag ® .

b

is sufficiently extensive to indicate the trend as

regards these quantities

II. RESULTS:

It is hoped that the present tabulation

1. 2. 3. 4. 5. 6. 7. 8 9. 10. 1
B3l o.oo1s 707 1292 291 352 364 8L 203 L5 6.8
(139) 0.8927 710 1258 276 349 368 68 1,794 1.34 9.2
(ééé) 0,9025 715 1281 293 348 394 79 1,933 1,35 142
(111) o.8963 701 1281 287 342 - 77 1.87 1.42 16
(333) 0.9125 712 1321 300 - 391 76 2.4  1.42 9.6
(112) 0,0085 733 1304 296 335 400 76 1.862 1.3 1l
(113) 0.9226 717 1346 306 363 390 80 1.94 1.46 13
(114) 0,9320 722 1370 310 384 410 72 1.85 1.38 LI
(133) 0.943¢ 726 1393 319 382 427 74 1.87 1.39 1l
(118) 0.9495 738 1418 327 402 426 72 1,84 1.38 6.8
(117) 0,9650 743 1442 317 406 430 6L LT 1.27 6.6
(35¢) 0.9591 734 1433 334 404 429 81 1.93 1.45 12
(118) 0,970 747 1468 341 412 448 72 1.84 1.38 6.4

300
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312
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120)

121)

(121
312

(122
312)
(123

‘123
312

124)

124)
312

(§25)
(126)

26
5
G
G2

‘125
326

‘128
312

12!)
324

130)
312

130)

0.%749
0.9987
0.9854
1.0133
0.9962
1.0221
1.00712
1.0341
1.0182
1.0463
1.029%
1.0587
1.0409
1.07113
1.0526
1,0492
1,0464
1,0604
12,0764
1,0717
31,1010

1,0832

1
758
756
%9
760
762
764
766
769
789
772
773
776
776
780
783
784
789
787
793
750

798

1472
1518
1497
1543
1523
1569
1548
1594
1373
1620
1603
1646
1625
1673
1651
1657
1677
1683
3704
1709
1757

1736
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348
361
356
369
362
375
367
387
377
398
385
405
39
412
3%6
407
408
417
418
418
A36

432

439
446
439
a54
442
469
450
477
465
485
467
512
499
521
502
504
510
523
524
523
546

533

479
468
479
479
481
4594
491
513
506
520
508
531
514
545
53%
560

838

93
95
95
96
96
93
96
104
97
98
9%
92
97
98
93
101

95

564 102

368

364

9%
97

589 100

488 108

2.06
2.12
2.08
2.13
2,09
2,09
2,09
2,21
2,10
2.1%
2,08
2.10
2,10
2,15
2,06
2.10
2.08
231
2,08
2.06
2,13

2,13

1,94 13,%
1.5 ¢
1.96 11
1,60 10.2
L.57 13
1.57 8.5
1.97 10,
1.66 10.4
157 12,1
112 85
156 947
1.37 8
1457 10,85
1.6 7
1.54 9
1e%8 7.4
1.%96 10,4
1.38 10,4
1.36 7.3
1.83 11.3

1.60 7.4
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1

131
(324) 1,0948 800 1763 448 566 610 107 2.17 1.6 11

13
(352) 1.1067 804 1789 453 572 615 107 2,17 1.62 9.¢

(13%) 1.1309 811 1844 469 595 640 103 2.13 1.60 9

. 2. () Eleaent(é? (2) Fissility parameter
(2) Surface energy (&) Coulomb energy (B), (8), (¥) energy
release during binary, ternary and quarternary fission,
(8) Excitation energy, (9:) Nuclear tempersture and
(10) , (11) Number of neutrohs released, during

binary fission,

The authors acknowledge their indebtedness to
Dr. JeR. Nix for discussion and communication of his
tesearch papers to them,
REFERENCES:

.1. JcRa Nix,
Physics Letters, 30, Bll (1969).

2: JeRe Nix,
Nuclear Physics, A130, 241 (1969).

DISCUSSION

S.S. Kapoor: Will you explain what was the exact

formulation for calculating the kinetic energy released?

S. Ramamurty: It is done on the basis of Nix's work.
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LEVEL DENSXTY PARAMETERS AND KUCLEAR STRUCTURE
%, Ramanurty, K. Parthasaradhi, M.V, Ramanamurty and
C.R., Chandran,
The Laborateries for Nuclear Ressarch, Andhra University,
Waltalr. {A.P.)Indte,
1. INTRODUCTION
An extensive dats on level density psrameters using
Lang's i expression with the effective momentunm values

taken from Lym'l2

book are presented here. These calcu~
lations cover the mass region 32-209, especially near
magic numbers in rare zarths and for isctopes of any
sbundance and for which experimanta) data happen to be
available., The region Z B3 is avolded, The avallable
experSmental data on separated isotopas given by Dastax
Peoo93 along with the present calculations are given in
Table 1.

It ¢an be seen from Table I, that the level density
pavaceter increases s the mass nuwmber increases except
in the vicinity of maglc numbars. It can alsc be seen
that the agreement between the experiment and theory is
within 40%, except in Qgspb and ¥p1. Taking value
of Langl in the formula P (3 3p+ 1) A2/3 as correct
on a overall survey, this paints to the need to shasply
reduce the values of effective angular momenta JN and jp
near Z = 82 sand N » 326, It s hoped that data on sepae
rated isotopes will become avallable to test this peint
38 slgo the formula 2 = {3+ 3,4 1) 23,

IX. RESULTS
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TABLE I

LEVEL DENSITY PARAMETERS
(Values in the brackets are ex

perimental values taken from -

DASTAR pP009 )

32-5-16
35~Cl~17
37-Cl=-17

40-A-18
40-A-19
40-Ca-20

45-Sc=-21
48-T1-22

51-V-23

52=-Cr=-24
55«Mn=~25
56-Fe~-26
59-Co=-27
58-Ni-28
59-.N1-28
60-Ni-28
63-Cu~29
64-Cu=29

65-Cu~29
64-Zn-30
65~-7Zn=30

’ - " - - v S0 00 " e B D 0 O WE Ge Y G e T T 0 D OD e B e e
AN

118-5n-50
1
119-5n~50

g20-5n-50
121-5b=51
123-5b-51
126-Ce=-52

2,013
2.934
3.596

5249
4,015
4,667

6.942

7.903
(6.00)

A
66-2030
69-Ga-31
71-Ga-31

70-G1-32
72-Ga=32
74-Ge=32
7 -Se-34

-5¢e- 54

80 Se-34 .

79-8;-35

81-Br-35
82-Kr-36
83~Kr-36
84~Kr-36
86-Kr=36
85-Rb~37
87-Rb=37
88-Rb-38
88-Sr-38

89-Y~39
90-Zr-40
9172r-40

139-L2=~57
138-Ce-58

140-Ce~58
142-Ce-58
141-pPr-59
143-Nd=-60

B.OZ"
5,454
5.560

5.932
6,045
9,672
% .92

ARGy
l1l.1ll

11,02

11.2
11,29
11,29
11.48
10,49
11,57
10.54
9,672
9,672

8,746
9.815

9,285
(1.4

97-2y-1¢
94-Zr-4Q
\93—Nd-4l

92-Mo=-42
95-Mo=~42
96-Mo-42

98-Mo~42
105-pd=-46

106-pd=-46

108-pd-46
110-pd-46
107-Ag~47
109-Ag=47
110+Cd~48
111-Cd-48
112-Cd-48
113-Cd-48
114-Cd-48

116-Cd-48
115-Zn-49
116-Sn=50

156-Gd~-64
157-Gd-64

158-Gd-64
160-Gd~64
159-Cd~-65
162-Dy-66

8.744
84249

10,85
(13,3)

14,03
12,46

12,55
(14.8)

13.99
16,64

16.75

16.96
17.18
16,86
17.06
17,18
17.28
458
17.49
17.58

17.79
17,34
17,08
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130-Tea52 13,05  14A.N3-60 16,03 163-Dy-66 21,2
127-1-%3 17,01 146-Kd-60 17,43 164-Dy-56 21,29
129-Xe=54 16,04  147-8n-62 17.70 165-Ma-67 21,38
131-Xe-54 13,90  148-85n-62 17.78 166-Ex~-68 21,45
132-Xe=54  12.8 149-5n-62 17,86 167-Ex-68 21.%b
134-Xe54 10,96  152-5n-62 18,96 168-Er-68 21.64
193-Ce=55 12,86  151~Eu-63 18,03 170-Ex-68 21.81
137-Ba=56 11,92  153-Eu-63 19,04 169-n-69 21,74
138-Ba-56 12,78  155-Gd-64 19,63 171-Yb-70 21,69
172-Yp=70 21,98 198-Hg-80 16,77
173-Yb=70 22,06  174-Yb-70  22.14  176-Yb-70 22,31
175-LusT1 22,23 177-HE<72 22,4 178-HE-72 22,48
179-HE-T2 22,57  180-Hf-T2 22,66  184-W-T4 22,96
{17.3)
184-Pt-78 18,80  185-Pt-78 18,87  196~Pt-78 18,93
197-Au-79 17,22  198-Hg-80 16,77  199-Hg-80 15.3
200-Hg-80 13,81  201-Hg-80 12.46  202-Hg-80 10,81
203-Te-8L 12,4 205-T1-81  9.863  206~Pb-82 %éﬁ
207-pb-82 13.o§ 208-Pb-82 14,71  209-Bi-83 16,33
{s. (3.6}
REFERENCES.
1. D.Y. Lang

Nutlesr P);yllu, 26, 438 {1961).

2+ J¢E. Lynm,
Thc thenry eof Neutrona

3, DASTAR-P009.
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SHELL EFFECTS ON NUCIZAR IELVEL DENSITIES

V.8. Bazarurthy, 5.8. Kapoor and S.K. Xataria

Buatha Atonie Resourén Centea: Bomvay- 85

In n previous publication(l) we reported micro-
scopic calculations of nuclear level densitlies on the
basis of a realistic shell model. It was shown that the
nuclear shell effects on the level density dicappear even
at pedium excitation energies of the order of 30-40 MeV.
Becently Eahn and anenzweig(Z) and Gil’nert(s) have cale
culated nuclear level densities versus excitation energies
for a degenerate system of Fermions moving in arbitrary
periodic single-particle energy level schewed. They have
concluded that the influence of the structure and the
ground state occupancy of the level sequencee on level
denaities peraiets at all excitation energies. Thie con-
clueion is in complote dieagreenment with the resulis of
our work(i). In order to resolve the discrepancy, we
have extended our calculations to a system of Fermions
zoving in & periodiec level echere identical to the one
used by Eshn and noaenzveig(a). It is ehown that the
numerical results of our calculations of level densitles
are in complete agreement with these of Kabn and Rosens~
weig ond the apparent dipcrepancy between our conclusions
and those of these uuthoru(g's) arises due to a misinter-
pretation of the shell effects on the ground state
energion by these nuthors(z’z).
The nothezatical forzulation of the present cal~-

culationa 1o based pn the well known formulae of statie-
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tical thermodynamics. For » system containing N non-

inte?aoting Fermions with total energy E, the following
relations holds |

N:Zﬂh tessessan (1)

E:Z éhnk sessvssne (2)
where €, is the energy of the R-th single particle state

The Fermi-Dirac distribution function N, and the entropy
S of the system are given by ‘

\
Ny, = \+expLCER—/T]

S =L % Mg o g ba T | +oeeeene (4)
P._ and T being the chemical potential and the thermodyna-

N )|

mic temperature of the system respectively. The ground-
state energy Eo is the energy of the system when T = 0
and is given by N
Eo z_ CR R € )

Kahn and Rosenzwelg have used in their studies, for ’
a simple periodic single particle-level scheme defined
by the relation

€RA=RAM, R2o02 0 (e

with %;\'*)CD"—O vesseenes (7)

The integer R specifies the position of the "center of
gravity" of the !2-11\ shell, and the numbers“q@_) represent
the positional deviations of the g levels from the center
of gravity. In the present work we consider only the two
simple structuress (i) each shell consists of one g-fold
degenerate level with n{¢)= 0 and (1i) the single particle

jevels are uniformly spaced with ()= uc€y- _L[Q -L(fﬁ-l):'



The twa lovel sequenaes are illustrated in Pig.f(a) and
2(b). The unit of energy hao baen set oqual to the
npacing betwaen tho contors of gravity of succenaive
sholln,

Making use of the perlodicity of the lovel ocheng
Kehn and Roocenswoig have dorived oclonod exprepsions for
the denbity of etnteo and the entropy of the pystem,
The resulting exprosoion for the entropy e

s (e N =Tr(zks‘;4,aj‘)‘l’L erreeanes (B)
whero the offoctive cxoitation encrgy Q: i5 related to
the nctual excitntion onorgy §(«E-E,) by the relation

e a -G mm.uaqfﬁgm’m-u‘uﬁ ™
wo have carried out a numorionl ovnluntion of S for the
gane oystem by solving Eqe.{i) ~ (4) in a solf-conoin-
tent manner for various excitation enargles, Tho rooults
of our cnleulationn for n syotom with 96 part{cles and n
degeneracy g = 8 and the correspending predictions of
Eq.(9) arc shown in Pig.(1), where we have plotted 5%
againnt the excitation onorgy. It ip oeen that in the
noyoptotic yoglon, the results of our numerjical ealeula-
tions are identical with the prediction of the EqQ.(9) of
Kahn nnd Rononuaoig, bringing out the conaistency of the
two calculations. One can alco notice the asymptotic
relation of the form

sg w C(O+0) vevassanes {10}

In gur earlisr work, wo have identified the corre~

otion torm A  ap the shell correction to the ground

state encrgy of the nuclaus and interpreted thi 1t
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a8 an indication of the washing ovt of the shell effecis
at high excitation energies. This conclusion has also
been verlfied in the present caloulstions by generating
e continuous uniform level scheme using Strutinsky's

4)

smearing prooedure( and comparing the ground state of

the smeared scheme with that of the bunched scheme .

On the other hand the interpretation of A by
Kahn and Rosenzweig differs from ours in the following
respg:ts: They have ldentified the difference
Aszz_‘ [’n((%u(()j between the ground state energies
of N particles calculated in the two schemes as the
ground state shell correction. To bring out the draw-
backs of this association, we have shown in Fig.2(d),"
the variation of A.s and A with particle number M outside:
a closed shell. It 1s seen that As is always positive
and i8 zero for a closed shell system. On the other
hand A , which is shifted relative to Dg by a constant
amognd of - 3 /;Jhexhibits the familiar positive and nega-
tive variation, with maximum negative correction for
closed shell systems. One can also see intutively that
a discrete uniform distribution of levels is equivalent
to another closed shell system with g = 1. On the other
hand the evaluation of the éround state shell corrections
based on a Strutinsky's smeared continuous level dis-
tribution as shown in Fig.2(c) predicts a negative shell
correction for all closed shell systems including those
with g = 1. The magnitude of the shell correction as

defined above for a discrete uniform sequence of levels
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oan aleo be snalytically obtsined making use of ths
faniliar Fuler-Naclaurln summation formula. Por the

totnl energy B, one oan write £q.(2) am

EsT €.y =j €gledniedde -3
Ay Teryo | €y = Eﬂ““.ﬂ‘,
In other worde, the ground state of a pystem of partioles

moving in a diserete uniform level sequence is depressed
with reepect to a syatem with a continuous distribution
of levels having the same density of states by an amount
""21"3' energy unite. If each level is degenerate with
adegeneracy g, the ground state depreesjon is propor-
tionelly inoressed to ~ F/24. Ap omn be seen from
Fig.2(d), this depreseion exactly equals the difference
between A , the additive correction to the excitation
energy in the level denpity expression and As, the ahell
correction t6 the ground wvtate energy as defined by Eahn
and Rosenzweig. One can therefore conclude that if one

aer & oyostem with a continuous unifornm distridution of

levels an the reference for determining the ground state
shell correction, the results of Kahn and Rossenzweig also
inply that the effective excitation energy in the cal-~
culation of level density has to be measured from a

ground state stripped off ite shell effects. In general
one can conclude that for an netual nucleus, the liquid

drop mass corresponds to a "continuous uniforn™ distri-
bution of levels ond the Strutinoky method of evaluating

the ground ptate shell correction io connintent with this

dotinition.
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DILCUSLION

R.h. Banpal: I vould li¥e to know whether your single

particle energies include spin-orbit effects. If not,

your calculation c¢an be in trouble.

¥.5, Ramamurthy: The calculations of level density 2r
n iloson level sacheme with opin-orbit coupling teramn
have been reported sarlier (Phys. Rev. Istters 2§,

1070 page 386), The present calculations were mainly
ained at comparing ocur results with those of Kabn and

Ropenveif for the fame level schefie as used by them.
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OF THE PRODYCTION POBSIBILITY OF SUPERHEAVY NUCLEX
V.8, Ramamurthy end §,8. Xapoor

Xuclear Physics Divieion
Bhabbe Atomic Research Centre, Bombay ~ 85

Recent work of &ﬂ.atann“) and Stmtinshy(z) on
the comoopt of "gonernlised nholls™ in deformed nuclef
hes Jed to the prediction that nuoled 4n the region
2114 and N47162 uight be reletively stable against X p

ahd fisaion modes pf decay and have & cessurably long
half~life. Thie prediction hao initinted on one hand an
extenaive eoarch for the possible presence of these nuole
in nature and on the other band attenpts to synthesize
thene nuclel in the lsboratory mainly by fusing heavy lform
into heavy target nuclei. In sll ths attempts that are
currently being made to produce superheavy nuolei by hesavy
jon bombardment, the compound nucleus 18 formed with an
excitation ensrgy of the order of a faw tens of MeV and
itz oxpected that the nucleus will undergo a cascade of
neutron entesion before it reaches the relatively atable
ground state, where it is predicted io have an appreci~
ably long half 1ife for further decay., The prodability
that ouch @ neutron cescads ultimntely leads to the for-
mation of the 0014 superheavy nucleus sensitively dopende
on the relative magnitudes of the neutron and the fisslon
widths of the excited coupound nuoleus.

Theoreticnl estimntes of the fimaion and neutron
widthe of excited heavy nucleutare ucually mads on the
vasia of th~ Bohr-¥noeler tranpition state theury(”. [

the basis of this theory, one can write for 12 7
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width If the oxprossion
{ N,

L=
f. QTr F(E) LR NN NN WY (1)
where P(E) is the lovel density of the compound nucleus

at the given excitation energy E and Ne is the effeotive
numbexr of open ohannelo at the saddle point configuration;
Repreoenting the level spectrum of the saddle point
nucleus at excitation energy X by a level density fka)
and taking into aoccount barrier penetrability one can

write for Ny a8 E

" J’ e (%) dx
T s \+cx}:[—21r(,E—B_,r—x)/ﬁw] rreee(®)

where Bf is the fission barrier height and+twis a measire

of its thickness. One can eimilarly write for the neu-
tron width E~By

. T!FCE)SO P (%D)clx cessa(3)

LA
where P (X) is the level density of the residual nucleus

after neutron emission at excitation energy X, t is the
kinetio energy of the emitted neutron and td=f?én£§here R
is the radius of the residual muocleus.

Though Eqe (1)-(3) have been extensively used in
the past for the prediction of fission and neutron widths
and for the estimation of fisslon barriers from measured
fiesion excitation functions, one usually encounters
serious difficulties in fitting these equations over a
wide range of excitation energies(4). It is also now very
well ¥mown that many of the existing difficulties mainly
arise as a resu1§ of our lack of understanding of nuclear
level densities, in particular their dependence on exclita-

tion energy and nﬁclear shell effects.
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shown in Fig.(2). It is seen that in general there is
& washing out of nuclear shell effacts on entropy as the
exocltation energy increases. There is also a shft of
the point of minimum entropy towards the spherical liquid
drop ground state deformation with increasing excitation
GNnergy. Having located the saddle- point, one can use
Eqs (1)-(3) for the caloulations of the fission and
neutron widthe for various excitation energles 6T'the
nuoleus. The results of our calculetions for the nucleus =
114X296 are shown in Fig.(3) where we have plotted the
ocaloulated ('ﬁ/VR as a function of the excitation ensrgy.
It is Been that at about 30-40 MeV excitation, the proba-
bility of neutron emission is of the oxrder of a few
percent only. Simlar ciloulations by Verettol ) lead to 0.25 far /g
The aaqtual production oross section of the col&
superheavy nucleus depends not only on the probability of
a favourable neutron cascade, but also on the formation
oross seotion of the compound nucleus. The latter
quantity depends on the target-projectile compination
used and the bombarding energy. Systematic studies of
these quantities for various combinations of projectile

and target are in progress.
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BFFECT OF HEXADECAPOIE DEFORMATI ON ON NILSSON OBEXTA;JIG
Saha Insuiéu%:kgjt‘sgucleor Physics, Cslcutta,

The recent experimental eddences( 1’2) through
stripping and plck-up reaeuons of strong [ F=2 nixing
botveen the 3/, [6512[ and 3/ [402] pair on ono hand
and 1/2 EGSOJ and Vz Eloo} pair on the other, hos
dravn the attention £3 g™} of quite a few theoreticiens,
Those tuo pairs of lovels ara the ones which actually
croas in the original Nilsson dlagrans( 3 for a quadrupole
deformation of §;\A0.3 « The nain festures of the prodblex
are the large spacings batwem the two levels of such a
pair and the obaervability of AN = 2 mixlng over a wide
range of nuclel. Andorsont4) tas obsarVed on the basis
of & simple model of two interacting states that any
theorotical celculation should be eble to reproduce a
matrix element {v I, 1al] 8E117) VA BO Ke¥ to be
consistent with the largo apscing (193 KeV in 1596:1) of
the two 1/2‘ lovels ond their (d,t) cross soctions. The
Nilssoh Hemiltonten of (%) which is known to mix two such
lovels yields a matrix elenentw 7 Ko¥ for both tho 1/,
and 3/2‘ c¢asos, Andersen bas chown that by iavoking a
deforued gaxonsWoods potontial it 1s possidle to got the
matrix olemant of the right order of mognitude, mentioned
abova.

In this paper it will be Shown that in tho typleal
caqe of the tuo 3/2‘ levels the spoeing & E (160 XeV
in 155 Gd) can ba roproduced with the nclusicn of
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BFFECT OF HEXADRCAPOIE DEFORMATI ON ON NILSSON ORBITAL
CROSSING
Ssha Ing'tiﬁ%%k;}sggglear Physics, Celeutta,

The recent experimental evidencan(l’Z), through
stripping and plck-up reactions_’or strong {\ F=2 mixing
between the 3/2‘ [651:] and 3/2’ [402] pair on one hand
and 1/2‘ [660] and 1/2‘ Eloo] pair on the other, has
drawn the attention 8 g™} of quite a few theoreticiens,
These two pairs of levels are the ones which actually
cross in the original Nilsson d.lagx‘ems( 3 for a quadrupole
doformation of §,,A043 , The main features of the proble:
are the large spacings between the two levels of such a
pair and the observability of AN = 2 mixing Over a wide
range of nuclel. lmdersen(‘l) has obserVed on the basis
of a simple model of two interacting states that any
theoretical calculation should be able to reproduce a
matrix element v 3 Ll NE242Y) WA 80 KeV to be
consistent with the large spacing (193 KeV in 1596(!) of
the two 1/2‘ levels and their (d,t) cross sections. The
Nilgsoh Hamiltonien of (P wnich 1s known to mix two such
lovols yields a matrix olementw 7 KeV for both the 1/,
and 3/; casess. Andersen has shown that by invoking a
deformed Saxon-Woods potential 1t is possible to get the
matrix element of the right order of magnitude, mentioned
above.

In this paper 1t vi1ll be Shown that in the typical
caqe Of the tso &/, lovols the spacing & E (w160 Ke¥

in 155 Gd) can be reproduced with tho inclusicn of
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hexzdocepole deformation ir the Nilsson Hemiltonien
ret8ining nis original represenhtion( 3. The potential
¥ith e hexadecapole deformetion 1s
\ oz A’Rm.(é‘;&, 1"(i"é/b&ﬁ'l‘:\_lz-\r7.54.\)1.0)—1*\(91 E'.E'_Z‘P Sk(i"-whuﬂ
Sar is <he dofcrmetion parsmeter characterising the
hezadecamle ceformation. The inclusior of 6‘4 term. in
this form 1s in the same spirit 0&), the recent caleculations
of Hilsson and his associatg_g( 5). The essential differencs

is that we retein Nilssons original (- scheme where as

Rileson's group choose his alternetive © =-gcheze. The

resulting wave function is

Lalin) - &, O (i) InN2i>
¥e have included bagic states of N from 0 8. This
choice of includingN= 8 states for rare earth orbitals
(6)

is from evidences of refercnce and the support that
it 4is O fair approximation from reference(7?).

The matrices have been generated and disognalised
on an IEM 7044 machine at the IIT, Kanpur employing the
values of X, and Y. reported by Hilsson's group at the
lysekil symposium( 5). The minimum separation AE of the
tup 3/; levels has been estimated for s range of values
of 6‘4_ changing §, im closer steps for each é‘q_._ The
resulting AE are shown in Table 1 for A= 157.

TABLE

DELTAL.| © «0005| =0:.075| =0010 | =0.125| =0¢16
AB(key) | 16.4| 616 | 60.0 24,1 48,1 164.8

The separation of W 16 KeV at J‘q_ = O increases to
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w160 KoV (around the experimontal velue) at (1',--0.15.

The sign of qL is in asccordange with tho expsrimentsl
finding of positive P in the samarium reglon(s) vhero
AN =2 mixing is obaorysd. Apparent fron theso resuts

13 the marked dspsndence of AE On J\+ » Thizs is duas to
the fact that certaln matrix elements of < LL-,,\YJI.’L',}MQ
CLlylygld LYy are of oppositoe signs and ns a consoquen~
oo tho totsl matrix elewent actunlly nndergess & aign
change in a fow cases at 6‘4= =0.125,

A notevorthy feature of tha results of the presont
investigation 1a the broadening of the range in (fl (ady
ovar which theAN= 2 mixing 1s obgervable. This observa~
bility in the caso of tho two al; levels is easentislly
doternined by the smplitudes Cgyy, in both the :va"uvm.
At 64= 0 these amplitudes are presont in both the 3/2‘
levels in mpprociable amounts only over a narrow ronge
of deformation nanmely AJ,_ = 0,002, As J‘fic increasod
tais range brondens gnd at 3‘,} 20,15 1t is as puch as
0.026. This effect is shown in Pig. 1 for the two
roprasentative cases dﬁ,_n 0.0 and $4= ~0.15 o This
renarkeble bshaviour of t:‘1 13 may account for the
observation of A N = 2 mixing effocts over a wide range
of puclai which essantially means a wide rapge of
doformation.

REFEREI.‘CB& 4
1. Re Xo Sheline et al. Phys. Lett. 268, 14{1967)
2, Be Elbok and P.0. Tiga Mat.Fys. Hedd. Dam. V1id. Solsk.

S nr.2 (19673
3+ S« 0. Filsson Mat.Pys, Moedd. Dam,yia 1‘. N
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DILCUSSION

P.G. Hueen: I wonder whnt the cipnificance of your

recalt 46, The S-W potentinl ie believed to be a better
approximnition to the nuclenar potentinl than is the
Nilreon potlentinl. fThe $-W potential pives the right
revult, 16 it then of nny use to "doctor" the }Nilsson
polentinl by n hexadicapole term to predict the

mixinr?  Docn your hexndecapole deformntion represent

anythinr but one more free parnmeter.

G. Ramakrichnant 7The sirniflcance of our result is

the retainine of the harmonic oecillator representa-
tion nd to point out thnt the general belief that
Nilenon model cannot nccount ruch finer details as

i = 2 mixing 1s not correcct. OFf couise Saxon woods
potential is a mors realistic potentiial but difficult
to work with.

A5 for the doctoring the Nilsson potential,
there are ample experimental evidence that nuclel have
hexadecnpole deformation over and above the usual
quadrupole deformations. To incorporate them and to
study their effect on the observed phenomena is a
natural conscquence of the urge to understnd. Though
it is difficult at this stage to say correctly regarding
the physics of the hequecapolé term, one can Say, that
this parameterisation is a representation of the deformed

shell model potential.



SYSTEMATICS OF FOTATICI AL YUCIET O 73" PasIs OF T»0.C2} TRY MOTEL

V.R.Prekash, B.lLBahal smd V.¥.Destpands
Dspartzent of Physice
Indien Institute of Tecknolegy, Kerpur,India.

LD THOmCTIO ¢=

A Two-Centre(7C) nod~1 4n which a deforred even-even nucleus 1s
represonted by two mers points with o phenovenclepical potential i;)a
function of thr dieterce botween them was previcuzly invectigated' .
e model mcceesfully predicted enargies of the lov lyin;, rotational
lovels of thoee mucled to vithin a fow percert. In the precent investt
getion ve wish to point out that in tho mgicn 15864C1E2 tho rodel pre-
dicts mecents of inertia vhich are in totter sgreemnt with thote pre-
Hdicted on the basic of the quarupola nmorent date than the ripid-body
ar the hydradynanic model 2. Celeulations am dore uping the harcmic
pscillator end the Morze potentisla of which tne latter gave irproved
resulta. Varfation of etiffnecs 43 & function of tre neutren end the
proton mueber s studied.

The lov lying rotatimsl levels of even~ever ruclei in ths rere-
sarth and ectinide regions ere given by
By = (W2mx(1a) )
vhore I#0,2,4 etc., and -7 1a tto rucleer movent of insrtis. For sphe~
roidal shepe, the rigid-body moment of inertia is
B (2f5)m(10.aipe0.ezpts L) (2)
4hare M ir the ruclear rass, nc is the redius of the sual-voluz~ sohere
nd /3 the quedrusdle deforsatim paranoter, which cen be estimeted from
the intrinsle que'rupcle mornt glven by "
“(Q/e)-(B/ny_ﬁ)ﬁ;(P $0,16P" +eusd) {3)
The nydrodynaric velue of Yre reremt inertis is
7, (om0l p¥ « 3pp? 0
It 42 found that R is often ;dce end 7u XEZXX about cre-fifth of 2.
In the govemor nodel the rocent of inertia of a spheroi? cf
veci-najor aris 'a' end se-i-rdnor sxic 'b', invhich the cortritution
to 7 by the central splere of rz»g!‘ma B is removed, if
Tg 053 W 04T SR (s)
Tho TC-zozent of inertls 7, 1z (M f:/n wrore f iy tr~ disterce
hatueen the two centres. For a miercid, § i» given by
4 -(sa"/t)(pﬂ?m ) (6)

Fres equation {3) wn thesfors bave
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( Tr/Q)= 0,19 _1{1+0.63/)
v/ Zo(/>+0.165%) (7)

vhich is independent of R,. Similar ratio for the rigid-spheroid, the
hydrodynenic and the govemor models cen be got using TR» ‘JH, T in
place of 'JT.

I1I._CALCULATIONS:~ Using the exverimental values(4)of the quadmipole

moment end the values of moment of inertia from equation(1i) (got by

+
assuming the energy of the lowest 2 stete), the value of f» is got from
aquation (7) and is used to get R, from equation (3). For governor

model p» thus obteined is negative in most cases. Plots of R, as a functig

of the neutron nurter N zre shown in fig.l. The velues Of_LRo for the
TC-moel sre close to those given by the equation Ry=1.2 A°fme In this
region, Ry= 6.5 fm for the TC-rmodel, Roz4.5fm for the rigid-spheroid
model end R 2fm for the hydrodynemic moiel.  Thus ‘the nuclesr flow
which is neither irrotationel nov rigid corresponds to TC-motiam.,

The procedure for celculating energies of K=0 bgnd levels is given
in the prevdaus report(l). Yith the hermonic potential, the meximm
departure for the highest known level is less than 1% for 28 nuclei, less
than 2% for 6 muclei and more than 2% for 16 muclei., The velues of k,C:

~J, and (A E)mex are given in table 1. The vslues of C obtained are
wbout 50% lerger than those obtained by Mariscotti et al(s)

smgller thsn those of iiosel end Greiner(?) The varistim of C with the

, end gre

peutron end protc numbers sre shown in fige.2 and 3 respectively. On the
whole the stiffness incresses with the edditicn of neutron end decreases
with the additic of orotons.

Jith the anharmonic Morse potential the value of (A E)m ax'88

less then 1% for 41 muclei, less than 2% for 6 muclei and more than 2%
for 3 nuclei. Marked improvement was possible for osmium isotcpes and
neutran deficient nuclei.

The experimental energies(7)of the O p ~vibrational)level vab
on an average found to be higher by sbaut 55% compared to those calculated
with the paramsters needed to fit the lowest rotatiansl levels. HoweveIy
«hen a least squares fit to the rotationgl levels and the 0+'leve1 was
mede, it was possible to obtain fits to within a maximim departure of 6%

gs shown in table 2,
REFERENCES:
# 4, V.K.Deshoande,V.R.Prakash and B.!l.Bahal Proc.Muc.and Solid State
Physics Symes N9O,(1969) (Contd., under table 1)
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Tebla L,
Parezetars vith harmenic Potential.
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GAOUKD STATE ENEAGIES OF DOUSLY EVEN WUCLEX { 12£A €40}
X.M.¥hanna and 1,L.Sharma ¢

Dibrugarh University Dibrugerh {Assam}
“h. Go K. College, Moradabad {U.P.)

1 IMTRCOUCT 100
{1}

Recantly » the tuster structure of alphae-particles
nuclel has been studled by caleulating the lover bounds to
tha ground state energy of N alpha particles interacting via
a potential determined by alpha-alpha scattering experiments,
The values so calculated were compared with ground state
energies of nucldl with 2N protens and 2N neutrons, measured
relative to the threshold of N alpha break up. In view of the
excellent agreement uith the measured values 1t seems to us
that in printiple doubly even nuclel can be 4 ropresented as
systems of rigld and structureless alpha particles, In this
paper we have shown that by a sultable cholce of the potentlals
cxcellent agreements can be obtalned,

11 EHEAGY CALCULATIONS

Let o8 consider a system of 1 alpha particles #nclosed
in & volum V. The assembly of alpha particles is assumed to
Lo interecting through a gotentlal composed of a hard core
folloved by a square well of the fom(Z)

‘o 4k
Gy - -:. wersb a0
The ground state enzrcy his been calculated by usine the theory
developed by drueckner and Sawada (3). 1t s glven by
Eopu ¥ 4 Ltenen » ~(88) [igm 0n [P W[ SE2 L] <o - @

Eo is ground stote eneray, ke alpta particles number density
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Go (a,r) and Go (a,a,)are the Greerds functions to ba

dertermined from '

ote) = - () [ HTROVF [ 28 [-2 2 ol 18 o
+ 4n _/‘drr’[-h(”) wly % (2%)8 Veur (v y.,p)] * iy

- felrr [1- 28 ] vectn o")ﬂ 3

similar expres.ion follows for Go(a,r).
llere J stands for spherical .essel functions. The

calealst;
enexgy educatiaonls are done by taking into account

the wave distortion due to the potential given by eqn(l) so

long as too,o00 and the energy denominators are positlive.

Calculations of Go (a,a) and Go (a,r) are done with the foll-

owing simplifying assumptions. ws

vy = - Gela,y) - - = "

W) = et - T (Y /ey —mafoadly % e mam (D
G1eMfGe(a) = O/ /sam = ot

The appropriate substitutions in eqn.(3) for the S state and

its furtherz 51m011fications glves
o2 3

Go(ag) = ~-’- jdz gmt [¢’1 - c°(,,)— 347% x:mv,&dj . e mee (8)
The integral on the R.H.S. of (6) i+ solved by iteration
method upto third order. This gives us

N Lra Yap,ad)fe, &8 Aad Y ¢

- [6000)]" < 4T [1+ @pla®h, g ke’ ]
Substituting from eqgn.(1),{(5),(7) in eqn.(2) and soluing it
further we get

| 3 - .
E . Z;s [___”’:Z*l{l+ (87 223" l%”-&asj-”—”g‘ﬂb-ai_]. ---@

(1) Gaussain Potential Calculations.
If ,however, the interacting potential is composed of a hard

core followed by a Szusxxknpoker¥ Gaussian potential of the fomm

+a Y4a
Vi L,
l(l(‘.) = *7 VAC- Lar r>a

vle get the fﬂlowing expression for Eo/N )
2 a t A
Eofy = 52‘,’;—“-&+MIR{V¢L‘#%‘;§*§'£]+h[7,‘f§,s-,;+§./%]] =m0

)
-
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JABLE. o
ﬁg for harg corg » 6476 Mgy, 5 T
Q.
N‘ or Potantlal well o 12,37 ey, i 4/://

Mcloyg ~ 37) e e =3
/ Ha Sore T tis ota
ev) ltr !:Mon /-Co(llev.)

- ftrdby \\J
. 3 3.5 20.29 30,43 1.7/
! ools dea e 948 e ]
Pogo 5 19,5 33,43 61.g5 .03 |
' r?‘: 6 2.4 40,55 79,25 3Biea
;58 7 ag,s 47,35 86,59 320
! g3 8 45y 5.4y 94,96 gy g
Poae B0 oy 114,35 .45 |
! 0 5, 67,64 123,79

2 13,7 "

4 16.84 378 0

5 19,5 21,05 8735
84 6 24,5 25,2 3.4 3Lsg |
{89 7 g, 29.47 66,29 36,82 /
's;: 8 45, 83.65 6 a0 !
: ° ;
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Go (a,r) and Go {a,a,)are the Greedh functions to ba

dortermined from

Colt0) - (L) ij{P svf’ Cﬁ-f 2fe [-2 = e[ (" )[74(;,.;
+ tx _c.(rr‘,':, “)CN‘“’ <7 (18] Yeat Wif (0] + L 0y

- (.RL-IH'[I-C‘(:";]V«(')t{')!'J - e e esl$)

sinllar ryjros don folle.s for nola,r).

Hopo J stands for spherical o oov]l functions. The

calenlator
rporyy nducasiints ars done uy takding Into account

the w.ve clintortion due Lo the potential givon by eqn{l) so

lonn »n toc,00 vl the ennr-y denemlnators are positive,

i
Caleulations of Go (a,a) and tio (a,r) +re done uith the foll-

oving rin,l‘f}‘n" agtyantinng,

. =
(‘v 3 a ‘:“" i ) i
Yt = St - T (4w 76i0en) o irontty wE L. e
c:('-"/ceu.n) = O e (e £ Trforita T T

The appropriate substitutions in ean.(2) for the S stite and

its furtheryr simlifications glves

CoC28) » - '{dr ";'.-f‘f [5,-'3 - —i“;-,}— 337vm v:aVIJ"’J R (1
The 1n‘vgr11 on the H.id3. of (6) 4+ solved by iteration
rmethod upto thixd order. This gives us

. 3 -

- [6ote2))" o 4R [ e, b et | - - w
Substituting from eqn.(1)},(%),{7) in can.(2) and soluing it
further we get

LY ) - 3 .
E L[ irat®f. (61 sxad)’s L‘;l)n’}-”%'fwﬂ)_]. - - - (&

(3) Gaussain Potential Calculatioens.

1f ,however, the interacting potential is composed of a hard

core followed by a ¥musxxinpntark Gaussian potential of the fomm

+ YL4a
Vaul) = ‘ki o £XAT roe
Vie cet Lhe iQIOWing expression for Eo/N

Bl = ZER e s ULt -5 oS Tonli 5§ -

N
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TABLE.
Lo for hard €ore 6476 ug, Ve
p~ © Yo 15 mty
2 for Fotenttar vy, | 12,37 pgy, it
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37 -3
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lﬁ 76-12,37) % Moy,

N Harg Pctenti Totg
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5
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111 AL HA«PARTICLE DErLITY IN THE SUAFACE RE3SION OF  NUCLEAR
e

Yle have ostimated the donsity of alphs particles in
the surface region of nuclear matter. From egn.(8) we find
that Eo/N varles with £, . Eo/li will be minimum for some
value of £ provided "%(-;'—'-"}.o and %’Q’ 15 positive for that
value of £ . The value of £ at which Eo/H is minimum
comes out to be £ = 2'%57 x 10 37 particles O { T
plot a graph between Eo/H and £ , minima Eo/W actually
Hes at £ = 2.6 x 1077 Yarticles cm?d
IV DIsCUSy 10N

Locking at the results ~lvan in the table (I}, we fing
that for hiuh valuc;iﬁb apreement for those nuclei becomes
botter Whendo potential hie « hard core follewed by a sq-
usre wells Excellent agreem-nt is obtalned for [k ~ 2 x10 37
pirticles cm? Thus the oxictence of «1l,ha clusters in doubly
even nuclel.seoms to be a r-asonable possibility.

Cur calculations, therofors, assert that the  local
potential should be of the form of a hard core fo%lcued by
3 Gaussian potentizl. This potential should be more suitable
since the repulsive part of the Gaussian potentiél vell
indirectly contoin in itself the coulomL ef.ncts between

the pokentizk charged plpha particles.
REBE.(EUCES

1. A.Y.Abul. {ingAd. alucl. Phy. A 129 (1969)G10. ]
2. E Vandér spuy and H.J. Picnaar. sucl.Phys. 7 (1956) 397
3. K.Aw-orueckner and X, Sawada. kbhy.Rev.106 (1957) 1157.
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DISCUSSIQN

R, Bhontar The attractive Geuseinn potential you Rave
considered has a range of 4 Fan o Haven't conoidered
the long range Coulemb repulston in your calculations?

M.L. Sharmas In the potential composed of Hard core
followed by Gaussian well, we have ysed the combination
of Yotk the atiractive as well as Iypulsive part, The

form 18 followings
néo.

V. (v = R A
A we My nya

whore Vg and VA are the strengths of repulsive an
well ao attractive parts and fZi, , IEee, are the corres-

ponding inverse ranges.

M.L, Chatterjees Your calenlation should presumably
work in the low maos region where there 1p good evidence
for o ~cluctering widih even in the ground state. *But
what about the heavy mans region whore the neutron and

proton orbitale ave far different from each other?

XM, Khannat In faot, we have not examined’ this expect

in our caleulationn. Hope to report it at some later

date,
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The second-order perturbation thoory gives the. following

erprocsions for energy E and mass quadrupolo moment Qi

E = E - Z Z—- Afi,,;'-(',{, \/ .

HE — <G Ty *F XL
L4 =y —er
Q =®\HF— E‘,L 'LZéé é/:,,:r <A J:"'§> <CL¢$+%”. %q, ’:il)
C =4 —%-4f<? = <?q{’} 4'?:)
The gums over primed (unprimed) indices run over the unoccupied
(ocoupied) single-particle HF orbitals. The energy and mass quadru-
pole moment in the HF state is denoted by Eyp and Qup respectively.
The amplitude Ai'j'ij is given by
Ai’ff{»i‘ = \':-./274 i /(E.{,"'L =1 84.’-—8;-‘)
vhere &  is the single-particle energy in HF orbitel m and Vyrgegy
is en entisymmetrized matrix elemsnt of the nucleon-nucleon ()
interaction. The matrix elemsnt of the quadrupole operator(l)between
the single-particle HF orbitals m and n is denoted by Un
The calculationg raported here are performed in & large con-
figuration space of first four major shells by employing the effective
NN interaction of Hlliott ot al'®). Threo typlcal nuclei “ONe, e
2881 in ed-shell are congidersd in view of their characteristi-
cally differont equilibrium shapss as found from bare HF calculations.
The results of the caloulations with oscillstor size parameter b=1.7
fm are presented in Table I. It i1s found that the 2p-2h contribution
is on1y§;§% of the poteniiel enorgy, justifying the perturbation
treatment. It should be stressed here that the second-order perturba-
tion treatment is valld even in case of HF solutions with small gaps
at the Fermi surface. The second-order change in the mass quadrupole
morent is also found to be gmall,
The bare HF calculations favour a prolate and oblale shape
for intrinsic states of 20Ne and 2851 respectively. The second-order

enarev conbribution. thourh auite amrall in compsrison with the
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potential enorgy, deorsssse the relative energy meparation betueen
prolate and oblate solutions of both Ofe and P5i tut doos not alter
the conclusions of bare HF oaleulations a3 seen from Table I, In
2‘)‘5, bovever, the non-sxlal HF solutfon is lowsr than tha prolats
solution by 1,55 MeV. It is in this case that ths 2p-7h exeitations
play & vital rols 4n lovering the prolats solution by 3,35 MeV rore
than the non-axlal molutlon, thus favouring the prolete shape for the
ground state of m}'g.

It is found that both T=0 and T=l stetes contriduts corpar~
ably to the second-order ewergy gain, froa 2p-2h exvitations. The T=0
and T+i parturbation contributlons to the thres fiF solutions of 24}3
are shown in Table II. That the T=1 pairing betwoea identical mucleots
alons 1a not enough to lowar the prolats sclutfon bolow the nom-axial
solution is clear from the HFB cslaulguans(” wiifch yleld a relativs
lovering of 231 ¥oV comparable to 1,50 MaV obtained from T=1 states
of idsatieal nucleons in the present csleulatioms. Howevsr, the
relative lovering of 4.3 Ma¥ obtained“) fron the T<O pairing correla~
tions does not agree with the present galculations vhich give only
1,10 HeV relatdve lowaring from T=0 Zp~2h contridutions. We foel that
the estimation ebhmed“) from T=0 pairing correlaticas is rather wa-
cartain posaibly dus to simplifisd nodel calcmlatims end particulsrly
dus to non~sonsorvation of the number of neutron-proton pairs.

The prolate HF atates of 23 and 81 es well &3 oblate fif
2 ()

atate of 23 a reyult of s=all HF

No display pairiap correlations
gops characterizing these states. Tha energy eontribution from Zp-th
excitations is relativoly ors in theae states than in the otber HF
atatoy with largo geps. The relativa 'secosd-order! lowering of oae
HF stste with rospect to other can thus bo isterpreted as a cotse-

24, . h
quencs of pairing correlatfons. In TMg, the on



HF, cnloulation doop not remiin valid ainoo tho palring correlations in
prolato HF gtato notunlly lowor that steie bolow tho non-axinl state,
Vs thus concluds that the pround otato of 24!’3, has a prolate shaps |
vith both T=1 and T=0 pulr corrolntions of comparable strongtha.

In supporl of our concluslion, wo rontion that the speotro-
ccopio factors for 241!3 (d,p) 25223 oan bo oxplainod(a) by assuning &
prolate and not n non-axial intrinnic state for 24)’@.. The caloulations

onrried out by using both tho prolabo(g) (10) HF

and tho non-axisl
nstates givo o coxpronand spostrun for 241!&. Tnis is not surprising in
view of tho prosent results. It is found(u') that the ﬁl pairing
correlations have a significant offect in spreanding tho compressed HF
spoctra of many even-Z evon-N nuclel. It 1s thoroforoe essential to
include pairing corrolations in tho proleto intrinsic state to explain
tho excited sintec spoctrum of 24}';;.
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Tible X

fhe essrgles {in YoV} of the Jow-lying HP states for mh, 2‘& d
By, ,KP 18 ths E¥F ensrpy end £ I3sindes recond-order correotion.

Sanpe of py g By

r stat
BY state By B By B By E
Cblate | - 95.52 ~ 110,77~ 132,78 - 249.20] - 189.05 - 197,15
Prolate | - 105.50 - 114,82~ 138,15 - 152,52] - 184.45 ~ 195,15
Honixial - 19,70 - 150.72

Table IT

The enerpy contributions from the T=l end 120 states of 2p-fh axoita~
tions in the prolate, cblats and nou-exil A7 etates of Tz,

“Oblate Frolate Non-ixial
Tel 8,90 6.2 5.96
IT=g 2.5% 8.18 1.08
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EFPECZIVE INTERACTION AND ENERGY 1EVELS OF
KUCLEL WITH REALISTIC INTERACTIONS

¥,C. Jain
Department of Phyelce
Indian Institute of Technology, Kanpur-16

ABSTRACT

Effective interactions of nuclel with two
particles in the p~, od~ and fp- phellp are cal-
culated using the interaction of Shakin et al,
obtained from the Yale potential following tho
Unitary-Model-Operator approach, Core~excitation
corrections are eveluated following the method of
Kuo and Browm, Detailed comparison is made with
the works of Kuo-Brown and their collaborators,
and of Becker and MacKellar. It ie found that the
differences in the effeotive interaction matrix
elemento calculated by different groupa of workers
can lead to large differonces in the spectra, indi-
cating that one can not get any conclusive infor-
pation from the renormaligation calculatfods wnlesds
the reaction mntrix elements are evaluated with

greater precision.
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A VARTATIONAL APPROACH To THE 180 NucLmus

Jadunath De
Saha Institute of Nuclear Physics, Calcutta~9

ABSTRACT

Hartree~Fock calculations have been performed

for the 18

0 nucleus with two realistic potentials
i) the hard-core Hamada-Johnston potential and 1i) the
nonsingular poten%ial of Tabakin in harmonic-oscilla-
tor basis, the basis extending upto p—~f shell. The
binding energy for nucleus and the r.m.s. value were
found to~be reasonable though the gap wés found to be
quite small, Projection of states of good angular
momentum was carried out from the Hartree-Fock
intrinsic state. The resulting spectrum was found to
be very compressed compared to the experimental one.
BE, transition probabily (2* — 0%) was also calcula-
ted and was found to be 3-times greater than tha. ex-
perimental value, 2p-2h type excitations are included
in the calculation recently to include pairing corre-
jations., It 15 hoped that this pairing-correlation
would in effect dilute the spectrum and diminish the

BE2 value,
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' H F B CALCULATIONS FOR p.f. SHELL NUCLEI (II)
ODD-EVEN NUCLEIX

Jyoti K. Parikh
Bhabha Atomic Research Centre, Bombay-85,

ABSTRACT

Variational H F B calculations are carried out
for odd-even nuclei. The odd particle occuples a
state with probability 1. This leads to blocking
effect which has been taken into account in the self
consistent calculations. The questions of time re~
versal invariance and axial symmetry are discussed.
0dd-even mass differences are calculated and compared

with the experiment.
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GROUND BLATE AND BETA~VIBRAZIONAL BAYDS OF
WUCLEX 1IN THE RARE-EARTH REGION

A. Aneari and €,C.K. Nair
Saha Inotitute of Nuclear Fhyeics, Calcutta~p

ABSTRACT

Hartree~Fook~Bogoliubov (HFB) calculations
have been carried out for the ground intrinsic

shapa of 15

2Sm with pairing + Q.Q two-body intep~
aotion follgwed by angular nomentum projection s to
etudy the varlous properties of the ground state
rotational band, The projection reeults ere com-
pared with that of the semiclassical approachen end
expsrimental data. fThe projected energy spectrum 1a
found to be clomer to the cranking model predictions,
Farther, the poseibility of calculating the proper-
tien of the beta-vibrational band by solving the Eill~
Wheeler integral equation in the Gaussism-Overlap-
Approximation (GOA), with the deformatlon parazeter

ag the generator co-ordinate, will be discussed.
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A SIMPLE THOMAS-FERMI METHOD FOR NUCLEAR
MATTER AND NUCLEI

5. Bhattacharyya
8ibpur Dinabandhu College, Howrah

and

M.K. Roy
Department of Physios, Calcutta University

ABSTRACT

The Thomaso-Fcrmi method of Kumar, Le Couteur
and Roy has been extended here to include higher
powers in particle density and higher powers‘and orders
in density gradient in the energy expression for nucl-
ear matter and nuclel., We have worked with a realistic
potentidl (viz. Reid's hard-core potentisl) and have
used the Moszkowski-Boott oceparation method to take
care of the short~ggnge repulsive force. As a test

oase we Have considered the 1s ona 3

S state potentials,
and have calculated the energies and compressibiiitiee
of nuclear matter. The energies esgree quite well with
those of Dahlblom's calculations and the values of
compressibilities are also reasonable. It is &also

found that of the three relations

3 1
(1) R = °s/ "5 = 2,55~ 0.96
(Sprung and ~Bhargava's cal-
0 culations)
(Dahlblom's calculations)
(1i1) = 1,85 - 0.67 k

- (Dahlblom's calculations)
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which £it well with the ratic R of 35 to "8 ocontri-

bution, (1) and (i1) give correct energies and compre=~

spibilitien for nuclear matter,
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same criteria.to test the two~-hody interaction in our

calculations,

The two-body wave functions are obtained using the
Kug-Brown 1nteraotion(3) and the following three choices
of single particle energies a) experimental b) p and £ de-
generate ¢) p orbit below f (no spin-wrbit interaction),
An SUS decomposition of these wave functions shows that
in case a) =all SU3 components are considerably mixed,
The admixture of components with different space symmetry
is due to the single particle spin-orbit interaction, In
case b) the admixture of SU, components belonging to
different gpace gymmetry is abgent but that of same space
symmetry is still retained ., This 1atter admixture is
greatly reduced in case c¢), In this case separation of
p end £ is varied ti1i the maximim SU3 symmetry is
restored., The average separation of p and f states requir-
ed to resotre the Sﬂs symmetry to about 95X;or all J
states 18 1,5 MeV in T=1 interaction while corresponding
number for T=0 interaction is 2 MeV, This difference in
geparation of p end f states reflects the fact that T=0
interaction is about 1,5 times stronger than T=1 intera-
ction, Table I shows the result for the case J=0, T=1
for all three cases congidered above, Fig, 1 shows the
spectrum which tends to become more rotational as we use
more favourable single particle aﬁates.

According to our criteria:. stated above these results
guggest that the two-body interaction is mainly quadru-
polemsquadrupole type and that the abasence of totational
gpectra in f-p shell is mostly due to the ﬁnfavourable
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sequence of physical single particle atates.

The reatoration of SU5 eyrnotry by adjuating single
particle atatos can be looked from s diffarent point of
view, Wo may say that if the two~body intersmction cont~
aing any SUS breaking componenta, the suitadle singls
particle states nullifien the sffect of thope components
and 503 synnetry i recovered, The identf{fication of 303
bresking component is easy if it is dsconposed into
various radial integrals. The study of each radial
integral separately froz the point of 503 syznetry reveals
that the radial integrals I“, ISu' IM' 118 and on act
only in symmatric (60} repregentation while the radial
Integrale Igp, 111. and I, act uniquely in entiaymvwetrio
{41) representation, A1l other radial integrals mix the

SU:, repregentationa,

REFEREICES: -
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TABLE I

SU5 decomposition for J=0, T=1 wave functions.

-

SU3 a b c
component

(60}, 0.5346 0.7787 0.9837

(22), 0.6948 0.6272 0.1794

(41), ~0. 3680 ~0.0053 0

(08), -0,.3098 ~0,0128 ~0,0139
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INTERNAL COMVERSION COEFFICIENT MEASUREMENTS 1IN 13383 DECAY

Co Narasimhs Rao, B. Malllkarjuns Rao, K. Venkats RemsnalsH
and K, Venkata Reddy,

The Laboratories for Nuclear Resesrch,
Andhra University, Waltalr,

1. ENTRODUCTION

The internal conversion coefficients studles for
transitions 223, 276, 303 and 384 keV in 1335a decay have
been made by several authors (1'5). The of % (223) has
been measured by Donnelly et al and Bosch et al. But
these are not in agreement with the theoretical value.
This discrepancy between the experimental and theoretical
results has prompted us to carry out an accurste measure-
ment of the®X k(223), The K-conversion coefficlents of the
other treansitions, 276, 303 and 384 keV have also been
measured. In the present work we normalised our conver-
sion line, intensities with the gamma intensities of
Donnelly et ol {Table 1) through the intense 356 keV
transition which is known to be a pure E2 with ol k =0,021
as calculated by Sliv and Band6.
IT1. EXPERIMENTAL

Siegbshn-Slatis intermediate image bets ray spectro-
meter £5 used in the energy and intensity measurements.
The source dependent background st every messurement polnt
{current setting) 1s taken. Typlcel collection times are
6 x loasec-

111, RESULTS

Using our relative K-electron Intensity (table I} and



el
"';)I,)k_)"

the gomms ray relotive intensity of Donnelly et al{table I)
the of k(223) it determined relotive to olk(3%6). Our
rosult is OC k(223) = 0.092540.017. The ol k of 276 keV
transition has been obtsined assuming the conversion
coefficient of 356 keV as 0,021 and applying the same
technique.

In the case of 303 k line therce is a contribution
foom the 276(L#4) line as observed in our spectrometer.
This contribution is subtracted using the K/L4M ... ratle
for & 356 keV E2 transition., Similarly in the case of the
384 k line there is a contribution of about 65% of the
356 (L+M) line and this is subtracted and the & k is

determined.

The results are shown in the Table II together with
the conversion coefficients of Donnelly et al, Mann et al

Thun et al, Bosch et sl snd Gupta et al.

TABLE I
Transition Energy Electron relative Gamma relative
kev intensity intensity
223 3.22 0,72
278 26,49 11.62
303 51426 29,40
356 100,00 100.00

384 11.40 14,30

JE——— g
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the gamma ray relative intensity of Donnelly et al(table I)
the of k(223) is determined relative to oLk(3%6), Our
result is ©¢ k(223) = 0.092540.017. The olk of 276 keV
transition has been obtained assuming the conversion
coefficient of 356 keV as 0,021 and applylng the same
technique.

In the case of 303 k line there is a contributlon
foom the 276(L+M) line as observed in our spectrometer.
This contribution is subtracted using the K/L#M ... ratlo
for a 356 keV E2 transition. Similarly in the case of the
384 k line there is a contribution of about 65% of the
356 (L+M) line and this is subtracted and the & k is

determined.

The results are shown in the Table II together with
the conversion coefficients of Donnelly et al, Mann et al

Thun et al, Bosch et al and Gupta et al.

TABLE 1

_—
Transition Energy Electron relative Gamma relative
kev intensity inten51€z_.

223 3,22 0.72

278 26,49 11.62

303 51.26 29,40

356 100,00 100,00

384 11440 14.30

PR




~329+«

™3)9cc + yopr

(MT)oz o -




TABLE II

Conversion'coefficients.

Transi- Pre- Theoretical
tion Donne- Thun. Mann. Bosch. Gupta.sent ———ieemee
energy. lly. work Ml E2
keV
223 0,76+ - - 0,068 - 0,092 0,083 0,092
0.012 s
0.017
276 0,046+ 0.059 0.047 - 0,0,106 0,048 0,047 0,045
0.006 + - ¥
0.008 0,0045

303 0,037 0.037 0.036 0.0235 0,037

+ + + + 0,037 0,034
0.005 0.006 0.004 0+003
356 - - - - - 0.021 o.¢24 0.021
384 0,017 0,017 0,020 - - 0.017 00,020 0.017
0.802 o.%oa 0.513 0.5019
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164
HIGH RESOLUTION SPECTROSCOPY OF Ho

B. P. Pathak and S. K. Mukherjee
8sha Institute of Nuclear Physics, Calcutta-9

and
S+ Co Gujrathi

pepartment of Chemistry, Simon Frager University,
Burnaby-2, Vancouver, Be C., Canada.

1, INTRODYCTION

The redlations from the two lsomers of 164}{0
(M'Am & E‘ac,) have been studied by a number of investiga -
tord1-6), Although high resolution magnetic spectrometers
Were used by the earlier authors (1,2) to study the electron
spectra, the Y -ray spectrometers used by these workers,
vere of poorer resoclution and therefore, the disintegrae
tion properties obtained from the Y =ray spectroscopic
data were subject to appraciable errors. In & recent vor&:‘n

a 2 cn® Ge(L1) detoctor was used to study the decay of

1643 & £5 put tho closely spaced X~ and ¥ -rays could mot
be distinctly resolved.

The present lnvestigation was carried out with the
ain of obtaining further knowledge regarding the decay
schemo of 1642 & Exy using a high resolution Ge(Li) X-ray
spectronater. Procise energles end reletive intensitles of
"~ and X-roys, ond tho half-1ife of the netastadle atate
have boen obtatned. The X-roy intensities wore utilised
to calculato the intonsity of olectron capture branches

of %45 sng the K-convorston cosffictents of 91.26 and
56,64 ko7 Y ~rays.

The rosults are compared with earlier
vorks,



II. EXPERIMENTAL

The radiozctive sources of 164n & €0 were
obtained through the (ny2n) reaction on the spectros =
copicelly pure Holmium oxide with 14 HeV neutrons. The
photon spectra uwere studled using & 5.5 mn diam x 6,0 mm
docp Ge(Li) X=-ray detector in conjunction uith a 4096-
channel analyzer. The resolution of the system was
585 eV for the 80,997 keV?Y «ray of 133Ba. The results of
the measurements are summarised in table I. Apart from
the photon peaks quoted in the spectrum & weak peak
vas observed at 94.0 keV,

By following the decay of 37.33 and 56.64 keV

omel. l
gamm& rays, .the Ho X-rays, the half-life of 64mHo vas
found to be 36 ¢+ 1 min. This velue is in excellent
8
agreement with those reported by earlier authors( 2)8),

The isomeric cross-section ratio for the reaction

164
Ho (n,2n) 164m & gHo Was estimated to be 1.0 % 0+26 DY

following the decay of the intensities of photopeaks of

73,40 and 91.26 keV gamma rays and the beta rays of
164g
Ho. The value obtained is in fair agreement with

the one reported by Sethl et a_l( 3). put atffers from
that of Steiner et 11(7).,

In view of the recent vork by da Silva et 9_1(6)°
a search for high energy gamma rays vas made using 2 3,
sample of Ho,0, and a 23.8 cc. coaxial Ge(Li) detectors

The existence of 689 and 762 keV gamma rays could not be
confirmed.



111, RESULTE

¥ith the holp of the results obtaimed in this work
¢ revisod decay scheme of Yo% & By 14 proposed(Fig.1)e
For the intensity of tho nogoton branchas to the ground
and first oxeited ststen of 1%%gr, the resulta of

" {2)
Jorgensen gf ale’ “waro utilised. Tho eleatron capture

branches to the firat excited and ground atatos of Dy were

ealeulated from the znelysis of the Dy K X-rey intensitiesa

Prom the intensities of the Ho and Br K X-rays the K~con-

vorsion coefficients (<v) for the 566.64 and 91.26 koV

gemna rays were found to be 18,0 4 2 and 1.16 ¢ 0.12,

respoctively. Tho vslue of &, for tho 56,64 keV transition

is found to be 12 by analyzing the results of Jorgensan

ot ,B_l-(Z) The K~canvergion coofficient for tho 91.26 koV

transition, obtained in thix work 1s in good sgroement

with that reported by Boneau st g}.(s) In fig.l, the

84,0 XoV transition is shown by dotted lines as the

pature of the photopeak could not be ascertsined,
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Table = I

Enorgles and relative intensities of X- and Y =rays
from 164m & ggo,

Transition

Photon Relative a) intensity per
Energy intensity Origin o 100 decays of
(keV) totsl 164mH°.

37,33 100 164my 4 8.1 100

45.21 310 Dy Ku«,

46.00 570 Dy K«

46,70 230 Ho Ky

47.55 420 Ho K

49,13 34.7 Ex Ky,

62,06 176 Dy Kg,

53,76 171 Dy Kg, + Ho Kp,

56. 37 38.7 Ho Kp, + Ex Kp b)

66,64 48,1 164%50 2.2 11?7

73.40 35.1 164g, 9.1 33

91.26 61.3 164gHo 4.2 35

Y

a) Obtained from the approximate relation "(bogal
= Ly +1.33 L, . The values of oy &nd = «, aré
taken from ref{9),

b) Experimental value of Ky and the theorstical value of
o« have been uged in finding the value of X toia3,
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thig Work ape error of aboyt 5%, 2) 1he
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MAGHETIC KOMENT 0? TKE 280 kev 65/27
STATE OF 704n

B.X, 8inha and B. Bhattacharyya
Baha Institute of Nuclear Phywics, Caleutta-g

ABSTRACT

The magnatic moment of the 280 keV 5/E7 level
of 75“ bas been measured using & modified IRP nmethod.
Thie hao repulted in a batter accuracy of ¢the measured
value 10% compared to an socuracy of 20-30% as found
4in the pudbliosned literaturen.






TELAYED GAMVALPAY JMISSICH IN THE SPOUTAXDICS
FIGSICN cF 252"

E.F, A§itamard

Fucleer Phyalcs Division
Zratha Atemic Pesearch Contre, Trosbay, Bocbey-85

1. IMROBLCTION

The tulk of the sxoitsilon erergy of {ragmonts formed in
fission le glven up In the form of neutrons axd guzra rays enftted
proeptly S.e. within o711 seconds after the forzation of ihe
fregoenta, This lecrex the fregments in vericus lecperic stetes
from vhich thay lacey to thaiy ground etates by enission of the so-

cxlled delayed garma-rays. The half-lives of these delayed grrm~

rays Tanges from a faw ds to eaversl mior 4 (‘")‘

Rocently Cur'd) oerried out o study of the delayed pera-

raye axisirg from varicus fragment ress2a in 252,

€ spontamecus
finsion, Tre presemt work slsc desls with ¢ sinilar fnvestigetlion
tut vhes & vary different exparirantel zathod and ssrves rainly m»
a theck on the energles, m1f-lives and intensitfee of the long~

1ived ganra-rays reported by Cuy.
1Y, EXPERD FNTAL PROCEIURE

& 10.7 C.C, CKTEC 1fthiua drifted germaniua &oteotor was
used to detect the gurza raYye in coincidsnce with the fission
fregoante which were deteoted fn a shallow argon-zetlans gas flov
fonteation ohazber, rounted on ths face of tra gurrs rey deteotor
to glve a maxteun poaeibls detection effioiency aw shown In fig.
t{a)s The %4 gource tad « epcntanecus fissicn rute of 2,05 x

V]

107 etn”t,



The a)ootronics omployad ochemntically i shown in fig. 1(v),
The prompt gemma~rays wore provented from boing recorded in the
following way. The fonisntion chamber had an efficiency of 95% so
that almoot every fiocnion evnnt couned tho inhibit unit to be
blooked for 300 nanosec. The width of the prompt garma ray pesk
wvas only 55 nanosoc, po that hnrdly any of theso gemma rayo were
allorod through the inhibit unit, The pulses from the fission
disoriminator were given to the START fnput of the time-to-ampli-
tude Converter (TAC) while the ouiput of the inhibit unit went to
the STOP gnput of the TAC, Tho output of the TAC and the linearly
emplified gamma roy pulses voro giveon to the two-porameter
analyser of the PDP-7 on=line oomputer. The time parameter was
divided into six equnl intervals of 0.79 microsec occh by means of
digital windows and the dolayed gamme-ray ppectrum coming in
coincidonce with the TAC pulpes wore recorded in six oarrosponding
regions of 1024 channels each., Tho typicel coincidence ocunt rate
was 50 Sacq of which about 5% was due to chance coincidence. The
lines erising from fission nsutron bombardment of the gamma-Tey
detectar wore determimed by using o 0.8 cm. thick lesd absorber

between tho source and the detector.

I1I, RESULTS AND DISCUSSION

The data wae enalysed on an IEY 360 Computer. A least squares
emoothing programme was utiliced to rcmove the baokground contimue
from each of the six spectra. The peak intensities were determined
simply by adding up the counts in each peak. A& simple exponential
fitting programme was then used to determine the hnlf-lives of the

various deceying gomma-ray lines. The yields for the various gaumé



raye werd ealoulated fromihs garea delsciion efffefancy, total

urber of Liseion events end the half-lives,

Ohoent in Tadls I, sre the snergiss, half-lives and intenei-
tiex avsragesd over the resulte chtaimd for the four expsrimental
runs and ocrparsd »ith the results of cw(“. The Intensities
hare been normlieed so se ta cbtain egreesant for the 131,1 ke¥V
1ima, Tre ersrgiss apres with cre percant ard the talf-lives
within ten peresnt {n most cases. The {ntengitias mre of the zare

crdar of ragnitude,

In hie vork Cuy bas reported a muber of dslayed gazea rays
of vory lov intanaitime, Of thlae onl,y the 1£69.8 uxi 225 7 keV
1ires could be resolvsd in the pnsom experirent, mnnl‘b!y due
to lnck of frogment ruas identiffcatien. In xdditimm, Cuy hae
also obtained 86.3, 153.6 and 397.3 XaV 1ines with half<lfven 149,
110 end 2800 nancosconds respectlively snd falrly hish imtensities
{ 60x 10°% photoms per fisafon }. Thers 1ima barw aleo been
3dentifisd in the prossnt experizent although ths data did not
permit & propar aralyois of intenaftiss and balf-liven. The present
dats indicated the pressnce of scow vary long lived coeporsnts
{* 10 snforoseconde Exif«1ife) with ererglen-of« 2764 201 Ardy294,s Ane ten
oV reepootively.

The author {s vary grataful o Dx.J.¥. Boldexan and ¥r,R.L,
Yalsh for helpful dfecnanfons and to the Fhyaics Division of tha
£,4.8,C, for providing experimental fasilitles,

PETRRERER
fa 8.0.E, Jchansecn, Foole Physe §4, 147 {1965)

2, L.he Fopeko st,aly, Musl, Eoevey 20, 61t (1950)
3, B,2.Valtos ant R.E, %und, Thys, Pev, 178, 1094 (1569)
4 T0,Cuy, Delsyed Gorme-Pays from 2320r,0C12 { .
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Dnoegy(keV) Felf-14ife Intensity (Fumber
{reonlufdon 35 k¥ {ranonnaondn) por 104 figaion)
Preoont Rof. 6 Prosont Ref. & Propont  Ref, 6
Expt. Empi, Expt,

66.2 6642 200 140 + 14 60 + 6
96.7 96.2 600 & 20 5504 40 T4 4.4 807
115.2 115.0 250 162 & 12 6144
122.4 121.4 2240 &+ 700 360+ 36 124 5 4815 -
131.1 129.8 30+ 30 3404+ S50 29% 2 294
142.2 141.7 690 £+ 130 2400 + 140 34 1 9%l
172.1 170.5 1570 + 250 1100+ 220 84 1 20:4
192.9 191.6 1800 £ 210 B850 & 140 134 2 U 13

2055 204.0 4000 3000
32667 32405 630+ 50 5704 50 25% 2 31i3
38305 380.7 3380 &4 350 3400 ¢ 270 39 % 9 T3t
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C.V.X. Babat Do you know the nucleus which glves rice
o nny of theoe tranvitionn?

N, Afitanand: The present exrerimont does not
determine the masses associated with the various gazvo~
ray lines. However, Guy(c') hes been able to identify
the enitiing frogment mactes and hao linted them in

a table,






L/ CAPTURE RATIO FROM Ge(L1) SPEGTROM
B, K. Daszahapatrs
Saha  Institute of Nuclear Physics, Colcutta-9

X, INT; if

Until now the methods developed for the
deternination of L/i electron captura ratio, adopt
eithor the comparlscn of the relativa intensities of the
K~ and L~x~rays or tho coincldence of the K=X-rays vith
cascade parna quantun in the decay scheme. While the
first mothod hes limited sphere of applicetion, the
sacond method with meny modified techniques bss been
uzed oxtenslvely for the messurexent of the ospture
rstios. The method however copnot be regarded ax the
most relieble one. Thus considering the decay of 1335:,
the L/K ratio determinad by this method vardes fn a
vide rangou"ﬂ.

The purpose of the present investigation was
to avold the coinecidence technique completely, as 4t
asppenrs that tho inconsistency smong the different vork
night be dve to tho {nhereat Qifficulties in the techni-
que 1taslf. The prosent method unes tho'dncay schemo of
the nucleus undosr invostipgation; miaguresent of the
intonsity of the K<X-rsys relstive to the cascnde f—ny

yiolds the copture ratio in & very strsight forwsrd vay
as will bo seon in soction IT.

As a test, tho method has been applied to the
docay of 13383. The observed value 142 ¢ 7

diffors from the works dome recently(s'”



11. PRINCIPLE OF Td42 METHOD

Considering thz decay scheme of 13333, 1r Iy

and I; be the intenziti=s of the %otal K and L electrons

capture regpectively, then

I+ = g (142 i)—‘— JETR (H—a(‘sg >+ 1.,60(14»‘1',“;

Yhere 181 ete.zze the gamzme intensities and G(T &Te

the totzl internal conversicn coefficlentse Use of the
O(—r 7alues from (2,8) and reiatlve intengities of

garme rays from {(8) gives

Iu+I, = Ig (2-9Oi 0.61) e
Let I’xq and Ilcp be the relativs in;censities of the
Keg and 5<F— X-rays, then -
53 Tt
TioctTiep, = W [ 152 g 4+ Tgot 4 T
where Wk 13 the K flourescence yield in Cs. Neglecting

the contribution from high emsrgy transitions,

11%4_1‘,(? = Wy [T +Tg (178£000] 5

From the equations (1) and (2),

Ly J"L"f (1.7% £0-08)
wkr?’ 2 90+0.6 —1--

Ticy Tip [t Tgy) - (12 £ 19
vhere f-kF =3 (Ilar_l.,ql) /J:ﬁ re]'fguive X-ray transition

probebilities to the X shell, knoun accun\tely(g) Wk

values are a2lso knovn and can be used from (10).
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For the present micleus 1338!, bovwever, the
knouledge of tOkis not necassary. If ona uses a 197¢s
source for calibrating the efficiency in the X~X-ray
region then thc equation (3) bacomes

IL/ 290+ 0 0b -1

g Ay €y oG tY 0

- {!
Agy AKP 6661 I8 x0 06) .ol
Where Akp, A8] rofer to the sreas under the peaks

Iy =

KP =X-rasy and 81 KoV ganora~-ray in the decay of 1335!,
’ .

ena A 3 Asm refer to the areag under the pesks

KP ~X-ray and G661 KeV Z/-my in the dacay of 1Jcg,

€81, €661 rofer to the dotector efficiencies for
the respectivae transitions.

IXX. ERTMENY_AND RESULT:

A 2 c.e¢. ORTEC Go{L1) detector with a Laben 4096
channel Analyser have been used for tin analysis of the
spectra. The efffcloncy curve for the detoctor haa boen
plotted by taking the standerd intensity values of 162 (11}
and 1:‘381(8). Tho curve has bsen extended to the low
energy rogion by tho determinstion of the efficiency of
the dotaotor for tho Ki(34.7 Kov) X-ray. Teking the o
value for the 661 KeV b’—rﬂy as 0.093 (10)' eguation(4)

resds Iz./ = .42 ¢ 0,13
Ix

Recent daterminations of the L/X capture ratio for
the docay of %a ylota 0,37 - 0,38 (57 Mo value
1.42 & 0.13 detormined by us differs spprcclably froa

the abtove wark .



The large difference in tho L/K capture ratios

betuesn tho thrao recent vork snd the present experiment

is very difficult to explain. In viev of the rather

accurate determination of the kP intengity in the present

investigation, tho major source of orror is probably the

decsy scheme vwo have used. Moro vork along this line
¥1ll be vorthuhile.
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FURTHER BIUDIES OF K X-RAY EXIgsIon 7ro¥ 25%0r pracurnce

8.8, Xapoor, D.M. Nadkarni, S.R.5. Musthy,
V.5, Ramaaurthy end P.N. Reste Reo
Yuclear Physier Divioion
Bhabhka Atomic Reooarch Ceatre, Bozbay-85

INTRODUCT ION

FPor a detailed understanding of X X-roy eminnion
in fispion, it ip important to investigate the ehaps of
theXX~ray emiveion diptribution function f(m) where f(m)
reprooente the fraction of eventt in which M gx~rays
are emitted from individual fragment nuclei via internzi
eenverslon procecs during the cascade Ydeexcitations,
In thie work X X-ray emission from 2520!‘ fisnston frag-
nante has been ctudled to determine for specified frag-
ment chargen (a) the average K X-ray yleldp por fimseion
emitted in o time region of upto 110 noeo and upto 1000
noec after ficolen, (b) the firct moment (M ) end the
second moment ( T} of the function £{m) and (o) whethor
the average X-ray yleld from fragwento of specified ob
charge ZL(ZH) ie eltered if only those fiselon evente
are selocted in which the camplementary fragmant zﬁ(zL)

has emgitted a K X-ray.

EXPERIMENTAL MLTHOD AND ANALYSIS

The fionlon fragzente from the 252(!{ source were
detectad in 210 goometry by o parallel plate aint-
fonization chamber filled with pure Argon gae and apera-
ted with an electric field of 3 ¥V/e3. A 2520t wource
of atrength bout & x 107 fispions per minute coated on
a nickel backing forzed the cathode of the ionization



chamber, which had thin perspex windows. The fnergies
of the X-ray'o wvere measured by two cooled 5i(Li) detect-
orse, A and B, each of Bize 1 omz X 0.3 cm placed at a
distance of about 2.0 cme on either sidé of the source
foil. The energy resolutlons of the X-ray spectrometers
A aud B, interms of the FWHM of 26.26 keV line of “*lj
were 0.8 keV and 1.0 keV respectively. The pulses from
the ion-chomber and the X-ray detectors were amplified
and fed to discoriminators to cut off the naturel alpha
pulses and noise pulses respeotively. The outputs of
the discriminators were fed to two double coincldence an
a triple coincidence units (z‘ra,p/*sec), The double coin-
cidence spectrum was also seperately recorded on an
analyser for 27 = 110 nsec. The triple coincidence

pulses (E F) and the double coincidence pulses

xa Exz
(By\Fy EypF), after suitably scaling down, gated the
4-parameter system through an OR gate. The outputs
from the fission fragment detector and the two X-r&y
detectors were fed to the three ADC's of the system.

The data were punched, event by event, on a paper tapee

The recorded data were analysed to obtain the
following speétras (1) the independent energy epectrs
of K x-rays detected in A~ and B~ systems [NA(E) &
NB(E)] , (i1) the energy spectra Ni(E), NAH(E) and
NAC(E) of X X-rays detected in system A for the triple
coincidence events for those cases in which the photon®
detected in the system B belong to the energy regions of
the light fragment K X-rays (10-24 keV) heavy fragment
K X-rays (24-50 keV) and compton scattered gaﬁ:ma rgys



“359-

of 50~60 keV, reopectively. A typical ¥ X~ray epectrum
(“‘(E)} is shown in Plg.1. Using @ leawt mquare fitting
cadou) all the opectra ware analysed %o deteraine the

E X-rny yields per fiesion froo fragoents of spocified Z.
The compton soattored gamma ray backgrounds, datector
efficlencies, and X-ray tronssisnions were sppropriately
taken into asccount in the anelysis. .

P1g.2 shown the observed K X~ray intensities per
fisnlon versus 2y for time ranges of 0-110 nsec and
110-1000 nsec. The presence of a predoninantly delayed
component 12 gkserved for gole. IThe K X-ray yleld per
fragment obiained froerPisi? and using calculated frag-
ment charge yield(z) is shown in Pig.3. It is found that
in heavy Iragment regions (% = B1-~57) the X~-ray yleld frow
odd Z fragments is significantly higher than that from
over % frugment nuclei, ond the yleld inereases in the
deforned ¥ 3,88 reglon. The reculis nre attriduted to
lowor level spacings for odd Z nuclel in the undeformed
rTegion mnd for all nucled in the dafornsd region « Fron
the onalysis of triple and double coincidence datn, the
K X-rny yleld per frapzent for opecified Z was aleo deter
mined for thoce cases in which the aaze Iragnent in dnown
t0 have olrendy emitted one K X~ray. From these remults,
alno shown in Fig.3, 1t ie concluded that for nlmost all
frageont charges the oocond X-Tay emitofon probsbility s
cigni!‘icnntl} large inmplying thst X-ray entonion $s, in
general, o capende process. This csacade X-ray extissicn
1o particularly predominant for 044 2 heavy fragzents
(53, 55, 57) and for il frogzentn in the deforsed seslx
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For these cases the.additional number of K X-zays per
fragment is more than one, showing that +the cascade may
contain more than two K X-rays from each of these frag-
ment nuclel. Thesc results can be expressed in terms
of the second moment W of the X-ray distribution fun-
ction f(n)which is related to the measured quantities by
the exp:ession, o _})xH y ('Z“) l]

. wW(Zy) = . N (zy) 'YLCZ,,) YCZH)

where \(} and Yx * are the unbiased X-ray yields per

fission and the X~-ray yields pei‘ fission when one X-ray
from the same fragment is already detected in detector B
respectively. Here V,, represents the total number of
heavy fragment X X-rays per fission detected in detector
B and " (2;) is the efficiency of detection in detector
B of X-rays emitted from charge Zj. ’\—’L_C—;») is the un-

blased K X-ray yield per fragment from ZH' A similar

expression was used for W(Z). The values of M* ()
thus obtained are shown in Fig.4, where 1t can be 8een
that the large multiciplity of X-ray emission 18 less
probable for the light frao-men'b groups as compared o
that from the heavy group. In particular for
Z = §3,55,57 " 1is about 1 and for Z 3 58 (N >88), G
18 nearly 2, showing significantly large probability for
multiple X-ray emission in these caseB,

In Fig.5, we have shown Kb (Zy) % KL(Z;Q?
versus (Zp,%y), where KH(ZL) represents the probability
of enhancement (or decrease) of X-ray emission from

8
charge ZL(ZH) vhen the complementary charge ZH(ZL) he

\
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necevnarily exitted a X X-ray. The obsorved value of

K different from unify fe interproted as followds The

K X~ray emisolon probability from tragce:;t charge ZL(ZE)
varies with the ipotopic conmposition, Thi®m lealds to n.
distribution of 1sotopea for the complementary charga
ZH(ZL) different from normal in those caves where an
X~ray 18 Imown to have been emfitted fronm ZL(ZHJ, leading
to & value of X different fron unity. One povsididity in
thie connection 15 the presence of odd-pven effect on
X~ray yielda with reepeot to neutron number for a epaci~
tied Z, If howaver, X-ray yields are assumed to vary
emoothly with neutron number, the obeerved value of X > 1
in some capen shows that the variation of X-ray yislés
with respoct to neutron number N in thepe cases has an
ppposite behaviour for complementary chargep in the light
and the.heavy groups. It may be remarked that the neutron
ohell ¥ = 82 could give riee to this trend. Further,

the presence of a genuine correlstion in X-ray emisaion
fron pair fragments due to the corzon conditiono existing

at sciasion cannot be excluded.
REPEREMCES
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DISCUSSION

P.M. Trehans Can you oxplain theoretically the

enisslon of two or three K X-rays from fioeion frag-

mentg.

D.M. Nadkarnit Yeo. The oame fragment nucleus cen
exit two or more K X-riyo during the Y -deexcitation
due to the poesibility of internal conversfon taking
place for each of these tranoitions. Here wo chould
remember that the vacancy of the K shell i1a filled in
a time of about 10‘14 goc which 1is in general, con~
eiderably shorter than the half 1ife of tho nuclenr

staten undergoing deexcitation.
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THB DECAY oF 126;
K. B M. Vurty, B. P, Pathak end ¥, 1. chate
Saha Institute of Suciens Physics, Gatonrrerit®

1. IRTRODUCTION

The present work has been wndertaken with a viev to
search for high energy gamea rays in the decay of 133 126y
vhose presence indicates levels in msre higher than 1425
keV which is the highest level roported by Lagrange et al“
The existence of higher levels iz possible becauso the
Oisinterration emergy for the B dccay or 1251 to 1267,
is 2160 keVZ). Buring the course of tha present vork, a
paper appeareda) on the decay of 126Jl:. Our results agree
with thoze obtained by these workers,

1T, EXPERIMENTAL

The 12512 source was produced by fast neutron
irradiation of analytically pure amronium lodide, The
¢ross section for the 1271 {n, 2n) reaction being much
lerger than the eross sections for othor [(my b))y (n, 4)]
reactions, the production of interfering sctivities is
negligible,

Carma spectra were studied with a 2,6 c.c. Ge(L1)
detector in conjunction with a 4096 chammel analyzer. The
resolution (FRHM) of the system was 3 keV st 1330 keV,
Tho energies and relative intensities of gas=s rays are
glven in Tadle I, Garra spoctra were slso studled vith
83" x 3" KaI(T1) detector and a §12-chennel analyer,



g
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This confirmnd the existenco of 2044 keV gamna ray which

1s too woak to bo distinctly scen by means of small volume
Go(Li) detector.

Gamma~ganma coincidence studies were made by
using two NaI(Tl) detectors, one of 3" x 3" and the other
2" x 2", Gamma spectra were recorded in coincidence with
388 and 666 koV gamma rays. A weak peak at 1380 keV was

observed in the latter spectrum,

III. RESULIS

Our studies confirm the cxistence of excited
levels in 1%67¢ at energies 666,6, 1420.1 and 2044 keV,
The existence of the 2044 keV level is suggested by the
appearance of a weak line at 13E80 keV in the gamma spec~
trum recorded Iin coincidence with the 666 eV gamme ray.

This result is in agreement with the one obtained by Singh

and Taylora).

TABLE I
Energles and relative intensitieslgg gamma rays
observed in the decay of I

Grovy Tnbensity TS Tatensity
388,4 + 0.3 100 + & 753,9 + 0,4 12,3 %1
491,3 + 0.4 8.1+ 0,7 879.8 + 0.4 2.2t 0.2
511,0 5.6+0,5 1378 (Weak)
€666,6 + 0.4 98 + & 1420.1 + 0.8 0,82+ 0,2

2050 (Weak)

g
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DECAY 0F %%8cy (30 sec) and oy (3,75 Bn)
V. K,, Tikku, H, Birgh amd B, Sethi
8aha Inatituts of Ruclear Phyaics, Chleuttasd,
JINTROBUCIION
Tho levels in 82n have been studied with x.x(n)l
and Ca(11)2 detoctors by the radioactive docay of €80y and
8Gs, Recently %%y decay studies wore teken up by Vard
et ala who reported a now activity of 3,8 min, which they
assigned to an izomer of egm. Thers is no pudblished
report on the decey scheze of the isomer of 8oy,

EXPERDMERTAL

The nuclide S8u vas produced by the fast neutron
bombarduent of enriched 682n as vell as specpure Ino,
Apart froz SB0y petivities, radioactive muclides such at
6370 (38,3 min.), Scu (5,1 nin,) ana 5K (2,56 b) vers
also preduced, Tha decay of the activated enriched “zn
wag folloved in an end-winiov O,¥, counter and after
subtracting the longer lived componente, tvo activitiss
of 30 sex and (3.75 + 0,05) rin. were noticed,

Tho V-radistions fron Znd bocbarded with fast
neutrons were recorded on KD 512 channol analyzer using
2,00 cc Ge{Li) detector, The radicactive sources vere
obtained by bombarding specpure Zn0 with Zast neutrons,
Fach time a fresh sarple was obtained, Tho Y «raysof thbe
following energios (intensities) were obtained, &4.6
(85 ¢ 8), 110,4 (04,6), §25.7 (100), 677.6 {2.9), 635.9
15.7), 805.7 (3,0}, 10777 (62.4); 1260.8 (®,5), 1237.7
17.9), 1744.9 (1.9), 2883,6 (3.0} ke¥,
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record the decay of the ¥ -rays, eight consecutive

Y ~spectra were recorded on 4096 channel analyzer using
2.5 cc Ge(Li) detector. It vwas noticed that the 84,6,
110.4, 525,7, 635.9 keV Y -rays follow a single halflife
of 3.76 min whereas the 1077,7 and 1260,5 keV Y -rays
have two half lives, decaying faster in the beginning and
ultimately following the 3.75 min half-life,

The beta spectra were recorded with 2 in. dia
X 2 in long plastic scintillator using irradiated enriched
GBZn. Four spectra were recorded successively in 128
channels of ND 5§12 channel analyzer, The Fermi-Kurie plot
of the beta spectrum yilelds four groups of end point
energles 4,60, 3.51, 2,70 and 2,26 MeV. The 4,60 MeV
group was not seen by the previous workers except Ward et
al3. The intensity of the group obtained in the present
work is 35 %,

In an experiment, the beta activity was fully
absorbed upto 3.5 MeV and the decay of the 4,60 MeV
group was followed in the end window G.¥. counter. The
resultant decay curve exhibits two half-lives, 30 sec.
for the early part and it follows 3.75 min half-life
later on.

Po see if the 3,75 min half-life belongs to an
igsomer of 68Cu, enriched 71Ga was bombarded with fast
neutrons and the ) -spectra recorded en Ge(Li) detector.
The 84,6, 110.4, 525,7 and 635.9 keV Y/-rays were observed.
The relative intensities of these )’-rays were observed

. 68
to be same order as from the fast neutron irradiated Zn.



The 877.6, B05.7y 1077,7, 1260,5, 1744,9 and 1883.6 keV
'/-rul can Ye ansigned to the unique Y—érmaiuon: frozn
the excitoed levels 1n %8z, 1he 84,6, 110.4, £25.7 ant
65,9 kav Y-raqa are assizned to the isozer of €%y in
sgrecment with Vard ot nla.

In order to establish the relationship between
the Y-rays assigned to the fsomer and the well koown
Y ~rays of the decay of 30 see %8y, £-Y am Y-Y coine
cidpnce exporiments vere perforred, With gate an {ntegral
betas above 100 keV, the ¥ -rays assigned to the isomer
wers abaant in the coincident ¥ ~-spectrum and these
Y ~rays vere seon to be rutually coincident in ths Y-V
coincldence expariment., The 84,6 keV \/-ra.y vas not seen
to be coincident with nnyﬁ group in agrooment vith Ward
at nla. The coincidence experimente suggest that the
isoner state populates the pround state of escu. The fact
the vell knownY ~rays of 30 sec €80y follov a composite
half~lives supplezants the conclusion,

The isomeric cross=section for the yield of sy
and B0y vas calculated by studying the decay of the /3.

ray intensity in an snd winiov 0¥, counter and uaing

the equations® ve obtain Sw/d = 0,7 + 0.2

The 8y (ny p} 689y, cross~secticn vas dator-
nined by copparing the total counts undor they 625, keV
photopeak from 8%y and the 1038,69 keV photopeak from
oy, The value of (100 & 17) = & vay used for thza
{n, p) crossesectiond. The 5%2a (n, p) %cu cross-
grction was found to be (4.6 0.6l nd
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G = (6,5 £ 1.3) m b and thusStotal = (11 + 2) m b,

!

DECAY SCHEME AND DISCUSSION

The decay scheme of 68mCu and ngCu consistent
vith the experimental observation is given in Fig.

The 4,6 %oV B group observed in the present
studies as also by Vard et a13 can best represent the
30 gec 68gCu decay to the 68zn ground state, fhis implies
that the most probable spin of °S8cu is 1%
68Cu by shell m;del.

The model assigns the 29th proton 2p 3/2 orbit and 2p 1/2

It is reasonagble to describe

orbit to the 39th neutron, Nordheim strong rule gives
1+ gpin parity value for the ground state of 680u in
agreement with the experimental observation, Since the
isomer is found to exist, it can be explained as arising
from the coupling of 2p 3/2 proton to the lg 9/2 1f 5/2
hole for the neutron and this gives spin parity values of
6" or 3" from the Nordheim weak rule or 4~ according
Brenen steim rule for particle-hole coupling.

The 84,6, 524.9 and 110,4 keV Y -rays form a
cascade betveen the excited states of %80y at 110.4,_655.2
and 720,1 keV, The 110.4 keV is the isomeric s&ete. The
relative intensities of the 84,6 and 524.9 keV};?zzzg*the

1imits of experimental uncertainties, This supports the

cascade nature of these Y -rays.
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HALF-LIFE OF 687,42 keoV LEVEL AYD ENERGY LEVELS 1% 147ps

Saba Tnstitute” grngﬁcgaara}’héalca, Calcutte-9,

Tho half-1ife of the 687,42 keV lovel in 197pn 4
reasured for the first time using a conventional delayed
coincidence set up incorporating an ORTEC tire-to-amplie
tude convertor (Model 263) and a 512 channel enalyrer
{10+120). The \/-lpectu in the decay of 147“-‘6 was also
taken on expanded scale (0.37 xeV/channel)} uaing C2(L3)
detector in order to look for soze uncertain weak transi~
tions,

The half-1ife was measured by recording tice delay
betweon the 233 keV /3 group feeding the lovel and the
687,42 kev Y -ray, The A end Y -rays vere detected with
¥E 810 and KB 102A plastic scintillators optically coupled
to RCA 7850 photozultipliers and the corresponding channels
were set to accept energy intervals of 150-200 keV and
690-770 keV respactively, Tho prompt tize resolution
curve for comparison was recorded with a 6occa source,

The dadayed and tho procpt spurces wers recorded alter-
nately in intervals of 30 pin, each and were zuccessively
accuculated till a reascnable statistics was obtained,

A series of independent measurcaents were madey changirg
the energy settings in the start channel, charging the
set of coaxial cables introduced in the start and stop
channeles of TAC, 7The hilf-life cozputed fres the rozents
of tha delayed and the prozpt curves {(Fig.1), az a rean
of the independent runs is (0,852 & 0.100) nieq,
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HALF-LIFE OF 657,48 keV LSVEL AND RNSS0X LEVELY 1N M7ra

Saha Iﬁs?ititgxgr‘ﬁeﬁaie}g&;us, Calonbtas9,

The half-1ifs of the 667,48 ke¥ deved in “7rm 19
peasured for the first time using conventional delayed
coincidence sot up incorporating an ORIFC timasbo=anplis
tude convertor (Model B63) and a BI1E channel analyver
(ND-120). The )’-spactm in the decay of we
taken on expanded scals {0,837 keV/ohannel) uzing e (1)

X was alao

dotector in order to look for soma unoertain weak {ransis
tions,

The half-1ife vas moasured by recording time delay
totweon the £33 keV 3 group foeding tha lovel end the
697,42 keV Y =rays The A nand Y «rayn vere deteoted with
NE 810 and NE 10BA plawtio seintillators optically coupled
to RCA 7850 photomultipliors and the corresponding ohannels
wera set to accept cnergy intorvals of 150-£00 keV and
690770 keV respootively, Tho prompt time resolution
curve for comparison wos reocorded with a 6000 souroe,

The delayed and thae prompt sourcos wore recorded altev=
nately in intorvals of 230 min. oach and wers sudcessively
accurulated till & roasonable statistica was ohtained,

A series of indepondent measuremonts wore mado, changing
the energy settings in the start channol, changing the
set of coaxial cables introduced in the start and otop
channels of TAC, The half-lifo computed from tho moments
of tho delayed and the prompt curves (Fig,1), as & mean
of the independent runs is (0,252 + 0,100) nsoo,
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HALF~LIFE OF 687,42 keV LEVEL LXD ENERGY LEVELS IN Y47pe

« H, 8ingh end B, 8athi,
8aha Instituts of Nuclear Physics, Calcutta~9.

The half-1ife of the G87.42 keV level in 147pn s
neasured for the first time using & conventionel delayed
coincidence set up incorporating an ORTEC timewto~a=plie
tude converter (Model 263) and a 512 channel analysar
(M-120), The Y-spectm in the decay of 147&1 wss pled
taken on expanded acale (0,37 keV/channel) usirg Se{I3}
deteoctor 4n order to look for some uncertsin werk tommine
tiona,

The half-life was measured by recording tame 225

Time 20T

between the £33 keV /3 group feeding the lsvel gnf =
687,42 keV ¥ ~ray. The A and Y erays sere Srzemme T2
¥E 810 and NE 102A plastic scintillsters srroemTly sommds

to RCA 7850 photorultipliers and the grrrersomios mnzel

were aet to accept energy intervals of 1EI.IIT o7 2z

680~770 keV respectively. Ths prozpt o meslomme

curve for comparison waz recorfef wiss ¢ TN mmomm

nately in intervals of 30 pi=, spor = wrm —omoewomls
securuiated t111 & reasonsile ripsievier wrmmomem

A series of independert rexzrve—emr

ALT STy wemennnn SIS
the onergy setiings 4n the puprs wmes © cceeeeme

set of coaxial eabler fArteciime’ oo o e

channels of TAC, ZThe Lilflfs smmwme smcmoo comme

of the delayed an? the sopmen =revm ZLL = oz
of the indepenlert ywr oo LT L e
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In order to knov the contribution due to the life
time of the 631 keV lavel, spectral distributions expected:
of the 631- and 687 keV Y'-raya vere evaluated by extra-
polation of the known spectrél distributions in plastic
of the 511~ and 661 keV ¥ -rays from 22Ha and 137Cg
sources, From this infogmation ard from the knowledge of
the threshold of the energy settings and width of the
windows in PHA, it was estimated that the upper limit
on the interference of the life time of the 631 keV level
could be set at the best at 104, As such no correction
vas applied, No interference is expected of*thewpropqsed
level at 723,48 keV as the only transition of 312,57 keV
from this level 1s biased off in the Y’-counter settings,
The possible interference from the level at 681,01 keV is
negligible due to the weak transitions populating anmd
depopulating it. :

The f -gpectrum in the decay of 147Nd was recorded
with the help of 2,6 cc Ge(Li) detector and Laben 4096
channel snalyzer, The resolution of the Y =~spectrometer
vas 3 keV at 661l keV, New Y -rays of energies £99,65-,
312,67-, 589,98~ and 680,78-keV dere observed, The decay
of these lines was followed for a period of over tvo
months to ascertain their origin and were found to décav
with 11 d half-1life and thus assigned to 47pm, The decay
gcheme to¥47pp wag constructed from ehergy relationship
among its transitions (Fig.2). The §89,88 and 680,78 keV

Y ~rays observed presently were reported earlier by Hill
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ot 81%) and pnly the former ono by Backlin ot a12), These
Y -rays indicate a level at €81.01 keV, The 269, 85,
312,67 kev )/-x-ays were not observed previously by these
investigators using Go(Li) detectors, In the prosent
vork a sum peak has becn Qhgerved at 723.48 koV with the
“7!&& source on the top of Ge(Li) detector, It indicates
the possibility of a 312.67-411.19 keV Y-Y cascade and

a probable existence of a level at 723,48 keV in “7Pn.
Ths log ft values, theo energies and the intensities of
the /3 groups to the excited levels in 7, wvere calcu~
lated from the corresponding )/-ray values, Except for
the slight differencoe in the intensities of the groups
to the levels gt 91,03 and §31,84 keV there is a fair

agreement with the earlier reports.

TRANSITION RATES

The nature of excitation cah be learnt froo the
knowledge of transition rates. The rates for all the
transitions from the 667.42 keV level calculated are
compared to those of the Weisskopf estimate,

LEVEL_ENFRGY 687,42 KoV

a) 687,42 keV transition b) 686,13 keV transition
&< 0,82y o = 0.0059 8= 05 4, = 0,008
Retardation factor (Fy) = 2660 py = g,8
Enhancesent factor (1/Fy) = 2,90
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¢) 276,0 kaV transition @) 197,14 keV transition
5 o Qa; o{t =z 0,085 S‘g 20’33’ 4t = 0,22
Fy = 89,7 Py = 365 1/Fy = 926
REFERENCES

1) §, C. Hill and ¥, L. Weidonbeck, Fucl, Phys.,
AB8 (1967) 619

2) A, Backlin and.8, G, Malmskog, Arkiv Fysik
24 (1967) 469
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DISINTEGRATION OF S5gs

D, Bazu
8sha Institute of Kuclear Physies, Calcuttn=-9

I. DU n

Tho post complete study of tho dacay of 6500. with
o seintillation spoctrometor was made by August end
Priichtnnichtn observing twenty~three ganna rays botween
64 to 2330 koV. Li-Scholz and Bakhru®) observed fiftesn
gazng rays upto 1414 keV with a Ge(Li) dotector, presensce
of other galliun ifsotopes in their sample prevented the
study of higher emargy part of the gpectrum, Balanda et
113) stufiisd the converaion electron zpectrum and assigned
#pin parity to ground and first three cxcitod statss of
€521, We produced the fsotope in very pure state using
soparated icotope and reportedﬂ the preliminary results
lant year, Very recently Holoborg ot 115) reported twenty
fivo gamma rays upto 2365 keV in the Go(Li) spectra,

Although some twonty two exoited states below 3 Mev
are knovn in 552q from str!ppingﬁ’n and pick upe)
roactions only a few certain spin parity sssigmaemts could
be nade. Weldinger ot 519) mossurod tho intensities and
angular distributions of different neutron groupe in
88ey (py n) €571 renction using proton energiae of 9.6,
4,06, 4.5 Mev and assigned spin parity values to all
levoln except two, within 1580 keV energy.

IT. EXPERIMENTAL TRCUMIQUR

Isotopas of xinc vers separated in our electro~
Begnotic {sotope separator, and were collested in v
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cooled copper box. Enriched 642n isotopexwas separated
chemically fr?m coppar and convert;d'to oxide,Targets were
made on.aluminium backing and were bombar@ed with 3.81lqv
protong from our cyclotron, The beam strenéth vas kept at
20-40 A and the targets were cooled by running water,
Each irradiation lasted about 30 mts after which zinc
targets were removed from the chamber, Two targets were
uged alternately for bombardment and several irradiations
vere performed,

Gamma spectra were raecorded using 2.5 em® Ge(Li)
detector with an energy resolution of 3 keV at co60,
Spectra were recorded with a 4096 channel LABEN analyser.
Spectra were taken in two sections each of 2048 channels,
storing the data in the first section for first 15 mts and
then in the second for the next 15 mts, This made 1%
possible to follow the decay of each individual gamma
giving a possible check against impurities. Standard
sources wére ugsed for energy and ef}iciency~calibrhtion

of the spectrometer,

AII. RESULTS
Table I summariees the energies and intensities

6503. The energy values

of gamma rays from the decay of
are accurate within 1 keV and the intensities arse vithin

10 $ error limits,
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TABLE I Enargles and intensities of
* & ag o R as geana rays fronm the

Energy Relative PEnergy Relative Energy BRolative

keV Intensity koV Intenaity koV Intensity
54 aa 0.25 1359 1.3
6 856 0.30 1414 0.36
115 100 867 0.47 1468 0.19
153 15.28 910 1,03 1626 0,02
207 432 932 3,00 1750 0,02
€54 1.56 1038 0,29 1870 0.01
650 0.60 1047 1.61 1876 0,01
703 0,30 1135 0.50 1062 0.23
7% 0,31 1227 1,14 1969 0.27
752 13.4 g6l 0,09 2218 0.42
769 1.84 1288 0.09
796 0.33 1322 0,654
5)

4 conparison vith the results of Holaberg et al
reveals cloge agreement between thelr f£indings and those
of ours, However, we observed new gemsa rays at ensrgies
660, 703, 813, 1038, 1288, 1525, 1750, 1870, 1876, 1862,
1969, 2718 and on indication at 1689 keV.

Out of the total thirtyfour gamua rays obaerved

thirty have been fitted in the lavel schome shown in Fig.l.
s clearly correspond to transitiond
Ive aw

Several of tho new gazma
from levols at 867, 910 and 1343 to lover states.
levels have been propo:ed at £077 snd 2084 XeV &0 explain
the pair of doudlets 1870~76 axd 1962-69,
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Thenks are due o Prof. A, P. Patro for mapy
helpful discussions,
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pEcAY oF $3%se (87 umn) anp B95. (18 um)

S. Venkata Ratnsm, V, Lskshminsrayana snd K.L. Narssichse
Laborateries for Nuclesr Research
Andhra University, Waltalr
AND
M.V, Ramanatsh
Rediechenietry Diviaien, Bhabha Atomic Ressarch Centre,
Bombay.

I, INTRODUCTION

The levels eof elﬂt wera pravicusly studied from the

bots decay of Blge gnd covlerd excitationd

» The references
to the experimental studies on B“Sa decay are summarised in
the axticle of zoller2 et al. Thres groups have studied
this decay with Ge(Ll) detecters. Rae> ot al reparted
gemme rays upte 829 keV, where as Frawirnsoehard}o" sbaerves
several new transitions, including the newly seen decay of
B‘\mse to 1146 keV level in 8“'8:. He also proposed & new
lavel st 815 keV, Zoller et slobteined results which diffe:
from the sbove two studlies, Thay dld not record the 1146 ke
transition snd on the ohterhand found other gemms rays {n
gmso decsy. They also removed the level at 815 keV. The
precent study Is undertaken ln 2s zuch se¢ there are consi-

derable discrepancics In the above studies.

1. EXPERIMENTAL DFTAILS

Bige 10 produced by eosn(n.‘f) resction. Enriched seme
ples were obtained from ORNL {as Se metal enriched to 89X ln
8054) end 1rradiatod with thermal neutron flux of 10%%n ca”
uc"‘. in the research reactor CIRUS, BARC, Boxzbay. The
irradiated sacples were sllowed to decsy for sbout thrn/.‘

hours during which the {nterfering 9350(2& Hin) scet 4
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75

decsayed considerably. Se is seen to be present, as the

main contaminent. The gamma spectra recorded after this
time are due to the BlSe isomerg in trensient equilibrium,
The gamma spectrs were recorded with a Priﬁceton 4 cm2 X

5 c¢m Ge(Li) detector having an over al} resolution of

4 keV. These spectra are taken at regular intervals to
follow the decay of all the peaks in the gamma spectra.
Seversal samples were bombarded for different intervals of
time. This facilitoted easy classification of the varlous
transitions following the same half-life. Typlcal gamma
spectrs recorded with @ 400 analyser asre shown in Fig.l and
2. The energles and relative intensities of the rays thus
obteined in the 8150 decay are given in Table 1 along with
the results of Zoller et al.

III. RESULTS & DISCUSSION

The decay sbheme to account for the present spectrs is
shown in Flg.3. The main conclusions sre given below:
1) The present study failed to record the 493, 767, 836 and
1146 keV gamma rays previously reported. 2) A weak gamma
ray observed at 201 keV is incorporated in the decay scheme
between the levels at 767 and 566 keV. 3) A weak gamma ray
at 787 keV was reported in Ref.2,'but could not be fitted 1
the decay scheme. This gamma ray is also observed in the
present study and fitted between 1352 (newly introduced) ke
level and 566 keV level. The new gamma at 1352 keV is the
cross-over transition from this state. 4) A gamma ray of

815 keV is introduced to fit this in the level scheme.

2\ el . T Yo %7 e e e e o VR A S I T T I g
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8195, and 1x fittad between the 650 and 276 keV levels,
6) A gamma 8t BOL keV could not be fitted in the level
scheme. It cannot however be associsted with the decsy of

85 as assigned by Zoller et al,

The bota feeding branches to the 1352 and 81% koV
levels are estimated to be {0.05640.010)% end {0.01340,01)%,
The correspondling log ft values are estimated to be 6.5
and 8.4 respectively. The character of SlnSe ts 7/2" while
the ground state of Blpr 15 /27, A log £t of 6.5 for the
beta branch ferding the 1352 keV state in anr {s suggos~
tive of #n sllowed nature, The 1352 keV atata decays to
the ground as well es 566 koV states, both of which are
3/2". Thus the possible spins for the 1352 ksV atate are
5/2%r 7/2%. The spln of 815 keV state may be 5/2 or 7-2"
sssuming the beta transition feeding the 815 keV state to
be of the first forbidden non-unigue type. Howover unique
assignmania of spin 1s only possible, if detalled batas
decay charactaristics are known.

IV. BEFERENCES
§. M, Soloman and C. Hojvat, Can.J.Phys.a7, 225% (1969).
2. MW.H. 20ller et al, Phys.fev.185, $541 (1969).
3. P.V. Rao et al, Phys. Rev,1%4, 1028 (1967},
4. §. Prawirosochardjo, Phys.Rev.1%7, 995 (1967},

~—
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TABLE I
énergies & Relative intensities of gamma rays

Notation in  Energ Present * Zoller
Fig.3 (keV work et al
P 103 978,00 1000,00
F 180 0.92 0.80

H 201 0.28 , -
N 260 8.20 5.10
0 276 100,00 88,00
L 290 83.00 67.00

J 375 0.50 -
- 491 - 0.0l
M 538 6.50 %.70
D 552 11,80 10.20
K 566 32.00 27.00
I 650 3.40 2,90
- 767 - 0.48
B 787 0.38 0.33

G 815 0.10 -
C 829 40,00 33.00

A 1352 0.20 -

CAPTTON FOR_FIGURES:

FIG. I: Gamms Spectrum in energy range 0.460 keV.
FIG. IIt Gamma Spectrum in energv range 500;1350 keV.
FIG. III: Beta = 0,013%(8.4)

Beta = 0,056%(6.5)
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ANGULAR CCRRELATIOU STUDIES IN COBALT-59.

K.Venkats Rezana Res, D.Dh.Sastry, and V.Lakehminarayana
Laboratories for Nuclear Research, Andhra University,
¥altair. VISAKHAPATNAM-3.(A.P). India,
I. INTRODUCTION.

The low energy level structure of 5900 has
been extensively studied using the rodioactive decay
aatal 11203} 0F 5%y (p 00y (4) ) (ge?,0)(5}, gna
Coulont excitation atudiea( 6). The early investigationa
on the radioactive decay of 59Fe gotablished levels at
1100 and 1230 keV in 590::. The ground, and the 1100
and 1280 keV states were interpreted ae single particle
f’l/z' 15/2. and p3/2 excitations respectively. The
later reaction studies, however, suggested 3/2 spin
apBignments to both 1100 and 1290 kev states. The
1290 xeV state predoninantly decays to the ground stats,
the 190-1100 keV cascade decay being weak. Subsequent
ntudien eotablished beta decay of 59Fe to the 1430 xeV
state in 7%o. The 1430 keV state nan a bets feeding
of sbout 18 and decays to ground ihrough two cascndes
involving the 1290 and 1100 keV states, Thus, in all
cagea of caocade gaxmas, the intensities are ocall.
Sun~Coincidence techniques are employed to carry out
angular correlationo on these coscades in eas zuch as
they are ouperior to the cenventional methods.

II. EXPERINENTAL DETAIIS.
The radicnctive gource 59?0 wag ohtained as

PeCly in Hel aolutlon with a opecifi IR -7 e
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of Fe, The source liquid was used in a tubular source
holder of perspex, with the scintillation detectors in a
17 cm. geometry. The sum-peak coincidence arrangement
used in thie study was reported earifer{”, e decay
scheme of °°Fe is shown in Fig:1, the 7 cm. sum-peak
colncidence spectra with zero-, 250 and 400 keV bias are
shown in Figi2. The peak at 1290 keV is due to the
cascade (190-1100) keV. The.peak at.1430 kef in the
Zero-bias spectrum is due to both cascades (140-1290) keV
and (330-1100) keV, while the 1430 keV peak in the 250 keV
biaes is only due to.the (330-1100) keV, the other cascade
being removed by the biasing condition. These sum-pegk
coincidence spectra are recorded for angles 900, 1350,
1800, 2250, and 270° between the two detectors; the
angular position of the detectors is changed every ten
minutes and a pooled total of 10,000 true coincidence
counts are collected under eaéh peak at each angle.

The coqpt rates are fitted to standard polynomials and the
resultant angular correlation coefficients are corrected
for the éinite detector size effects in the usual way.

ITI. RESULTS AND DISCUSSION: -

The final velues of the angular correlation
coefficients are : For (190-1100) keV cascade,
Ay = + (0.028 + 0.003) and A

[

4 =+ (0.008 + 0.007)

For the 330-1100 keV cascade, A2
Ay

- (0.043 + 0.003) &
- (0.004 + 0.003) ; and For the cascade (140-1290)keY

i

A2 = — (0.065 + 0.004) and A4 = - (0.006 + 0.005).
It can be seen that in all. cases A4 values are vanishingly

small, and A, values are used in the analysis.
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The 1100 keV state was etrongly excited in (d,d')
resction oe well ne the Coulomb excitetion. On the
other hand, the 1290 keV otate is not excited in {d,d+)
and Coulozb excitation. It bas & pepsurable lizetim(az
1t is, thercfore, reasonnble to mesume the 1100 keV
transition to be E2, while the 1290 keV transition may
be M1 + E2. Thuo, the ground, 1100 and 1290 keV stateo
ere ceuumed to te (7/2), (3/2), end (5/2) respectively,
and the pregent correlation coefficient for the 190-1100
keV cascade 1is employed to obtain the mixing ratio of the
190 keV transition. The analysie yielded e quodrupole
content for the 190 keV tranoition to be {9 & 1)%.

The 1430 keV otate is msnunmed to bs a {1/2) or (3/2) for
both opin poseibilities. The angular correlation coeffi.
~cients are used to obtaln Iinformation on the transitione
involved. For an assumed spin of (1/2) for the 1430 kev
atate, the 140 keY transitien turns out to be pure E2,
while it hsa a quadrupole content of {11 & 4)% for a 3/2
apin sacignment, for the 1430 keV state., Assuzing the
1230 kev traneition to be { 92% 1 + 8% B2}, the
330 kev transition turns out to de o pure M1 for a

epin woaignzent of (1/2) for the 1430 reV statej the

330 kev trencition posscss o quadrupole ceontent of
(21 &+ 1.5)% for a (3/2) spin nssignzent to the 1330 kev
atate. Astuzing the 1290 Yev tranaition to be & pure E2,
the 140 keV trincition turna out te poaress a quidrupole
content of (9 & 0.8)% for a spin ncajgezent of (3/2) to

+

the 1430 keV ctate ard {5/2) to the 1 -
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It 1s desirable to detepmin the internal conversion
coefficients of the low energy transitions in 5900

to uniquely choose from the above possibilities.
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INELASTIC SCATTERING OF 40 MEV PROTONS BY 53}!1 NIDGOHI .
Nslingappa . and G.V¥.Greenleas
University of Hinnesols, Ninneapolls,Minn., U.S,A.

Inelastic scattering studies are norzzlly eaployed
to derive nuclear ctructurs inforzetion an an alternativs
to ocouloab axcitation studles. The scattering process ig
highly sensitive to excitation of collective atates, and
provides a means of studylng thea. DWBA mathods are suffi.
cient to analyse first order excitations. But coupled cha-
nnel methodr can be profitadly ueed to study both first
and pecond order excitations. The following lc & study
on 581 snd 6°NI feotopes.

The 40 Mev proton besa from the Minneaota Linear~
Accelerator was uged to boabard SBNI and SOKI targets {(15-
25 mgn/oq.om.). A 1B6° magnetic spectrometer with an arrmy
of 32 eilicon surfece barrier destectors in its focal plane
was used for detection of scattered protons. The overall
reaclution wag about 200 kev, end wan eufficient to study
the doninantly excited states.

Tha exparinmental angular distridbutions have tesn
fityed ¥ith theoretical calculatlona froz the coupled chao
nnel codesfl) JUPITOR-1 and JUPITOR-2. The celculations

ware done on the CDC-6600 computer of the Univ. of Kinnes-

sote, The optictal-nodel parametars used have been shown

in Table I . The paraneters searched were V,Wg,¥p, and/3,
Pig.1 ghows the bamt fits odisined for ths colleot-

® Work perforzed under U.5.A.E.C. grant AT-§1~1-1265.

«®  Prepgent Address: Dept. of Phyates re,
Bangalore Uniy 1«






TABLE I.
Coupling 581 60y
V Ivz| %] A V]ve|¥%]| A
oF 42,92]5.4713.50] ... |B3.05}2.85f5.18] ..

of~2¢ $3,53)6.48{2.85} 0.186}44.00{%.59{3.87] 0.206
of-3] 43.3316.5712.46] 0.1?2{43.81}4.84{3.84] 0©.179

o-28-37 | 53.50{6.03|2.48A0.183}44.13|4.43{3.73[ar0.203
/30,178 1¢0. 175

The other optical-model strength and geometry para~
n metars uged are avallable in Ref.2.

TABLE JI.

58 [
A A g | S Gl o

0.187 10,118 [ 0.63 ] 0.207 J 0.175 [ 0.86
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LISCULOHION

Y. Inkohninnraynnar Did you estinate any quadrupole
monents for these caves? Ao you may be aware several
canen of vibrational 2 + stateo are found to have
finite qundrupole monment by reorientation effect

studien in Coulomb excitation,

N. ingappar 1 do not think there is anything in

thies nmethod for estination of porsible static quadru-
pole momente on the quadrupole statea, Such a thing
10 uounlly done by the re-orientation effect in Coulemb

excitttion oo far as I know.

N.X. Ganpulys: B(EZ2) valuen would have to correspond
to the valueg. Commensarate values vould be obtained
if careful evaluation of f3 is done. 1) For the one-
phonon it there wap xather a large difference betrecn
the theoretical nnd experimental value. Would 1t bave
been poonible to obtain a better fit by varying ‘3 .

2) Was there nny polarisation measurcnents done and

fito obtnined?

H. Linpappas 1) There war a large difference only for
the 4% state. Dut that 18 th ought to be tno phonon
in character. An ndnixture of one phonon into the two
rhonon etate van tricd, which 48 you baw remedied the
trouble, All the ‘5 parazetern were taken as varia-
bles in the actual search. The Quadrupole and evctupole
one phanon atates {4t extrezely well, 2) ¥

tion searure-~nts for tre inelastic seat*
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on THE DECAY or ‘4%,

E.L. Narasinhazm and V. Lakohoinarayana
Lavoratories for Huclear Research
Andhra University, Waltair

ABSTRACT

The gamma rays in the decay of Pr-142 are
studied with a sum coincidence scintillation Spec~
trometer. Iwo new transitiono at 100 and 400 kevy
are seen in addition to the slready observed gamaa
rays8. These are fitted in the decay scheme between
the levels at 2080, 1970, 1580 and ground state.
The gamna-gamma angulsr correlations are perforzmed
for the §508-1580 cascade to infer about the nature
of the 508 keV transition, The present results are
econsiotant with a nenrly pure El nature for thie
traneition ond hence support & 37 assignzent for
the 2080 koV level,






GAM/A-GAYMA DIRECTIONAL CORRELATIONS OF THE 552-134 keV
CASCADE It Re1®7,

K L. Hoerasimha Raju, A, Khayyoom znd D.L. Sastry,

The Leboratorles for Nuclear Research, Andhrs University,
¥altair,{A.P,)Indta,
The level structure of Rem’ is well eatabbhhed(”.

The 552-134 keV gemma-gamma angular correlatlcn wag raaa
sured by several authors in the put(z's). Arns et al
reported a very high positive snisotropy (A,= 0.31640,018,
A4~ =0.08630.027) where as Gallagher et 2l found the
correlstion to be 1sotroplc with in 1%, Michaelis,and
Gupts et 2l observed small negative snisotropy for this
correlation where as Klementovskeya et al obgerved small
poslitive anlsotropy. In view of the sbove descrepsncies
it is falt worthwhile to re-messure the 552-134 keV gamma-

gamna angular correlation In Re“m.

The directionsl correlation of the above cascads is
measured with a conventional slow-fast colncidence scinti-
llatlon assembly described elsewhen(’). The systen is
checked by measuring the 1.17-1.33 MeV gsmma-garma angular
correlation in Hléo. The present measurenments were done
with an effectlve colncldence resolution of 20 n.s. The
angular correlation data were collected at three angles
90°, 135° and 180° and were corrected for the short life
of w““ snd chance colincldences, The pooled up counts at
the thre.e angles are normalised and the dats sre fitted to
the standard polynemlal

W0} n 1 ¢ AP,lcos 0) + {cor
by the eathod of lest squ:rr(g). T ton

]
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function after correcting for the geometry of both the
detectors, is found to be

W(6)= 1-(0,02840.015)P,(cos 8)+(0,01240.017)P,(cos

This result is fairly in good sgreement with that
obtained by Michaelils, and Gupta et sl and differs cons
derably from the values of Gallagher et al, Klementovsk
~t al and Arns et al., The experimental values of A, an
Ay coefficients of the earlier authors together with th

values of the present work are tabulated in Table I,

TJABLE I

The valuss of the = ¥ coefficients of the 552-134]
al corr-'»tlon,

c Ay
Arns P 40’ 0.086+0,027
Gall ' Iso in 1%
Mich- 1.0 .00740.0
Kleme ! fsotrop
Gupt~ "o 02994C
Prese, ) 01210,

T - c

nt with
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"
GAIPLA = Gk s ANGULe COLELTIOS TN o (n,¥) "o 1oacTien

.
5.N. Chintalopruli, VL. Sistry end Seand Jnnnnnmuln"
The Laborutories for huclear lNescarch, Andlirs Unfveraity, Waltafr

I. IsTROTLETION

The energy levels of %ua ore known froa the decay ntudlu(‘)
and froa {n,Y) -twllu(s':‘). The decay schene forsed frou the above
atulien shows a atrong 84U KeV-770 KeV cascade in the low enerny
group involving the 1.02 HeV-0.776 trapaitien. The internal conver~
aton cocfficients were repnrted(” to be (1.2 3 0,22) x 10" ana
(1.2 2 0.4) x 1w~ respectively for tie B40 NeV and 770 keV gamen
roys respectively, Tie 1.02 UeV stute wis usigned with o spin of
3% ac 4%, The 770 heV trsneition waa cetalliched to be of juce &2
nature and the 276 KeV lovel was sasigved » 2* ehurscter Sroa Coulod
excitation owdhn(“. ihe present mevsurerxnt wus undertuken at
CHLY resctor, Y C to npulyse the involved spin sequence of the

coacude from anpular correlution meuaurewuts. The results were

exumined by & paranetric plot unalysis.

11, B IIvNIAL

The experimentul arrungenent at CLWS reuctor, detection
ayatem and experiontal condition together with method of collection
(a,0)

of data were glven In oir previous reports The target employed

was & U490 pore naturs] wolybdenus rod, of leagth 12 &=z x 10 ma2 dia.

* Present Addresa: Varisble Lnergy Cyclotrem Treject, BUIC Voubay-H3.

** Deceased.
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The correlution coefficients evuluuted were corrccted for correlution

. 7
attenuution us described by White ct.ul( )

111, RESULLS AND DIECUSSIUN

The finul correlation function obtoined wue WY\,(O) =1 4
(0.09821 + 0.008377) P, Con © + (0.03968 + 0.0U8477) P, Coa 0. 0n
the bugis of the Cross Section and the uppearunce of simil.r cuscades
. 06 96 :
in the decay of Nb and Tec, the 840 KeV-770 KeV cascudes can be

. 95 96
ascribed to the Mo (n,?ﬁ Mo reuaction, The rutio of the second
excited stute to first excited stute enerpy and the ground and lirst

96

excited state spins of the ,Mo, supported by the ashsence of direct
cross over from the second excited stute supgest u quadrupole excit-
ation of the second cacited state and hence o 4" character to this
1.62 MeV level. The internal conversion studics and (n,Yq studies
however, do not rule out u 3t churacter to this state amd hence two
spins sequences 3t - 2+ - 0 and 4+ -2t . 0 for the trangition.
Since 770 KeV is ol pure E2 nuture;the 840 KcV in the former case can

be either E2 or MI + L2 while in the latter cage it must be E2 or

M3 + E2. Expressions for A (Y) for the two spins sequences und for

thie two rays were obtuined from
A, () = A (LlLl +1 L1,)
F, (L L II)+ 26(Y) F (LL+11, 1) +$2()/)1-‘ (L +1L, +1,1)
k'11 i I "k 11 i 177k 11

145 ()

- (1)
involving the multipole admixture puarameter 'S' (all the terms in the

equations have the usual meanings ).

(8)

The F coefficients verce taken

from Siegbahn‘™’, The Akk(Theo) were obtained from
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AadTeer e 0o ) {2

Ne puza s tric plota wbiaing ) with ("N {Tii0) versus n_"(u.- a) plotted
or diflerant vatues of '5‘ for the BID heV trunsitiis wice foumt
netuatstont, for hotle the «pln weqicaces, with the eapcrim at of

al s awd hvucn‘tlu\ iU heV wan coucludet to be of ,ure oultipele
uturd bedonong to extier 3% « 2% op 4* - 2° sequence,  In tin forner
ost Uie pure dipole tu not persitted by inteneity and parity con-
videration, Aasuming L2 nuture for 810 KeV for tue sejunce 3 (2) 2
e ,\._J(Iheo} uml & (Thee) are ~ 0,101 und = UM which are yulte
ontristietory to the experfmontol valies and thus o 3° characier to

I 1,62 LV Yevel cun be completely ruled out. The A‘P(Thrn} und
\“(Theo) for the 1{2) 2 sequance ure 0.302 and 0,D013%2 rempectively
and ure conaidcrubly in good agreeaent with the experiumentsl vuliea,
It cen thus be conculded tiut the H10 KeV in of pure L2 natire ani
thot the spin wequence for the 1,01 {eV ~ 0,770 ~0,0 HeV trumaition

fn \lo.m fa of 4" = 2" - 0¥ character. Thowe results are afen in

o,

confarulty with the report of Lovan et.al
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Table I
33 3 2 3 1S 3 13- £ -1 1+ £ J 2 -1 ¢ 13-+ 11 1§ ¢ E I i -1 4 ] ZITTES
A A, A,
-2 A ittt ] SommEEE E3-3-3-3 13-4 -:_===_=u=====n====e===\‘
.From W (@) observed +0.06668 + 0.007773 +0,04315 + 0.008301
From W (0) corrected +0.09328 + 0.007958 +0,03771 . + 0.008041
Finite detection gize
correction factor 1/0.9559 1/0.9559
Corrected A +0.0975 + 0.008136 0.03932 + 0.008313
Length amd Incident (1/0.998833) (1/0.993560)
Flux ubsorption and x x
in the target (1/0.945333) (1/0.9935380)
A , +0,09821 + 0,008377 +0,03968 + 0.008447
Scattering correction
factor i 1
Ay +0,09821 + 0.008377 +0.03968 + 0.008447
0.110 + 0,020 (*) 0.040 + 0.026 (*)

—ENTEnSSSSEER ==n==

(*) volues reported by Lovas et.nl(e)
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BALP.LIFS OF 126 keV STATE Ix 1074

H.C. Jain and 9.X, Shattecherios
Tata Institute of Pundesntal Hesessch, Colaba, Boabsyu$

&
C.V.K, Babs
Bhabha Atoaie Aeesarch Contre, Trosday, Bozbay.

1. QITROPIGTIOL

Therebna boen racently considerable intereat in understending
the naturs of the lov lying energy lavels in the odd mass nuclel vith
0L 3L 50, The protons in this region are filling By/a and Py/2
ahelle, One can therefors expsct lov lying 9/2° and 1/2” lewsls,
Thaze lovels are systeratically obgerwad in odd cisa Rh and 4g
imotopas with 1/2” occurring ss ground state vhile 9/2‘ 1s found at

~t 100 ko¥, In additicn to these a aystesatic featwre in these
nucled 1s tha procence of 7/2° state very cloes to 9/2° statet -
ofton lower in epargy. This 7/2% casnot be a single particle state.
K-8 coupling achems {using quadrupole and pairing fores) coagletely
falledto account for the s3all energy spaciog betwesn thess atates,

More recently Sherwood and Goavuil)

have explatned it by proposing
EGC model, According to this 7/2% 1s a three pariicle stats, In
that cass one expects the M1 tranaition betweon 9/2° ana 7/2° 10 be

raterded,
3T, RESULYS 4%) DISCUS3I0Y

In lagt year's conference we pregented our roesults oa hallf-life
wad magnetic woxent of 9/2‘ atate in xﬁdh. The mymatic mosmt of
9/2* state agreed wall with the thooretical valus for gy siacle
perticlo lavel, Whlle the Life-tim Ty/n = (1,13 2 0.04) na 1ntteated

M1 retardation Yy a factor of ~ 0. The present wor s
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moogurenent on 1ifo-tine of 9/2° stato in 1%Ag,  The sourcs 1%7ca
waps obbained by noutron irradintion of onrichsd losod. Xoreys +
52 keV (/2% —¥ 7/2%) 2—roy uero dotacted in Pb-loaded plastie
seintillntors, whilo +f <roya in the onevgy roglon from 700 to 1 MeV
wero dotectod dn 27 thick Hal crystodl. Tho delayed curve, as aloo
the proapt curve taken from a 60¢o gource are ghown in Fle.l. VYo
obteinod Ty/, = (2.85 £ 0.1) no.

In addition there are proliminery neapuroments on life-times
of similar 9/2° states in 111Ag and 109z ot 130 koV and 152 keV
tospoctively, For 111};3 tho measuromant vas dono in two ways. In the
firat, the 70 keV & ~ray was dotected in Pb loaded plastic scintillabor,
while comptons on (415 + 575 + 684) keV < -rays wero dotocted in 2"
thick plastic crystols., In socond case 2" thick Nal crystal was used
to detect high enerpgy & -ragsabove 1600 keV. From both methcds, a
life-timo TI./Z = 0.92 2 0.05 has beon ob%ainsd. A Pb-loaded plastio
for 44 keV ¥ -ray and 2" thick plastic for comptons of 608 keV were

used for loglsg measuremont, which gave Ty/p=(1.3 + 0.2) ns for
132 keV (3/2") state.

The results are tabulated in Tablo 1. Moeagurements of
L-subshell ratiOSZ) for 53 keV transition in 19%h show that this is
predominantly M1 transition, Thercefore agsuming all these to be pure
M1 transition, the M1 retardstiouns hava been caleulated for Tec, Rh
and Ag isotopes. These are also shown in Table 1., One finds a
Tetardation Tanglng from 21 to 46.If 9/2° 1s a single particle state
ag guggested by wmagnebic moment meaguremonts in 3'03311, then the aY;OVB

mentioned M1 rotardationa point to the phonon-charscter of 7/2* statas.
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g-FACTOR OF TIX 603 koV LEVZL IN 12474 BY
BETASGAMYA FERTURLD ANGULAR CORIELATION

AP, Agnihotry, ¥ €. Joshi and X.O. Prasad
Tata Institute of Fundsmental Rassareh, Boabay-$

I, INTRODUCTIOM

The poesibility of apjlylng the method of perturbed P-Y angu-
lar correlatfon vas suggrated and applied in the case of 1Sy —
1544 by ntatsen(), In this esse the radioactive stozs vera fmpleste
ad in a thin iron foll by as isotopo soparator, Ve bars aprlfed &
sinilar mathod to 603 keV (2*) level of 124Te papulated (n the dacey
or 1245y,

The B.Y sngular eorrelation 1n 1245y —3 1247, (z‘fy 2’170‘)
ras been extensivaly studied by various vurkans(z'” {f1g.1). It 1
known to bave an unisotropy as lerge &3 40% The g factor of €03 keV
{2*) lovul ia also doternined by varfous vorkers (s-8) uing the tn-
ternsd fialda in iron by the method of pertusbed T-¥angular corrola~
tion [_PAB] « Since Sb diffuses eaally in Fo, it was thought that the
uncertaintios 1ike lattice damage and interstitlal positions, ete.
present 4in the implanted source can be avolded.
If. EXCERULNTAL

Tho 12430 activity was diffuzed by beating the foll in Argon
atacsphers for 200 hra at 900°C. Tho tube was wery slovly coaled to
rooa temporsture, Flually the surface activity was rosoved by etehe
ing the foil with dilute 1.

Tho roazirszent of -7 angular corrslation wis dore using
Anthrecene cryetal of 2.5 ca x 1 cx ss P detector and § e2 x 4.5 en
KaX{T1) as Y dotoctor. Tho olectromlcs used wAz ecwreational slow-
Last colneldence clreult vith resolving tirs 50 ra. The spurce vas
roustsd 4n the tips of a »=ali slectromymet of C 8
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vaccum. The > gato was accepted above 1600 keV. The - angular
correlation was measured at seven angles.

The field measurement was performed by reversing the current
for four different magnetizing ampere turn values l.e. 20, 40, 120
and 320. The effect of stray magnetic field was checked at each mag-
netising current using "Sb in Cu" source prepared in exactly the same
way as "Sb 14 Fe". In oach cage more than a million counts were col-
lected.

The Y-Y P4C measurement was also-carried out using 1690 -
603 keV (3~ —= 2* —5 0%) cascade to check the -7 measurement.
This cascade is relatively free from interferences. The field

meagurement in this case was carried out at 320 ampere turns.
ITI. RUSULTS

The P-Y angular correlation was measured and it compares
well with the measursment of others (2’3). For the field measurement
the movable Y counter was fixed at 8 = 135° and counting rate
was measured by reversing the field direction. The rotation of the
angular correlation WY was deduced from this. It was noticed
that at the highest magnetizing current i.e. 320 ampere turns & lerge
stray field effect was observed for "Sb in Cu" source., Fig.2 is the
plot of corrected W7 values as a function of magnetizing current.
It is seen from the curve drawn through first three points that al-
most full saturation field is reached beyond 50 ampere turns. The
last point is not taken into consideration as the correction in this
case is large (70%). The saturation value of WY is taken as

(wty) sbFe = (0.71 £ 0,20) x 1072
The g factor is given by

Helt
W (S = 3 M N #< (I
where 14 1is the nuclear magneton, Hyps 13 the effective magnetic
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4. R.B, Frenkel et al; Phys. Latt. 13, 223 (1987).
S. PR, Stelson; Ruclear Dmta 1, 451 (1967),

BISCUSSION

P.G. Hansent Just a technical question ~ How big wae the

correction for the siray field?

A.P. Arnnihotry: The correction for the stray field was
as large as 70% in the case of highest mignetising
current i.e. 320 ampereturns, But this peint 1s not
taken into consideration for calculation eof ¥WJ. The
correction was snall at the other lower oagnetizing

currents shich are used for calculation of WJ.
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1evel at 319.5 keV for thair exrlanaticn,

The apocinc taven with 390.9 Xe¥ gute exiabiighal the tramat*tenn
432,9-91-0 and 685,0-4£9,9~51 without giving ary inlleaticn of 373.9
%87 level. 162 Fe7 gate coincidence speetna showsd 319.5-102,
162,2-162 ond 551-182 tranaltiona clearly, Another ppscire wax taken
with 211.5 keV gate which confirasd the traneisions €85.5-531-319,5-0
and 725-531-319,5 rith & very e=all indieation of the tranhatiien
313.5~182 and d1d not indicate the existence of any lovel at 211,5 keV
ap mx;-xted in refercnce (1),

Tro levsl ncheme of "71\: based on nur atufies 1a 8 own in Fg. 2.
The Jeva)l and the tronsitiona ghown with dotted lines are the cmen
which gat evidencas elthar frez tho singles orectra or fre= quite weak
indientions in the eoinci2nce specirie The rraacnt work cozbinad with
ths es~liar sum coinellenee ‘measurezmtsa shove beyond any cdoudt that

thote are ro 1avels st 211.5, 3:6.9, 471, 552 and 763 ke? 1n "*7ps

)

which were roporied by Jazoniy et &l

paierisipenlsioit

1. . Tastanly and A.A. Sl-Yaller; Z. Faturf. 224, 192 {1967),
e B Tapraghrtiuly, G.Ea Mehta, S.F. Chaturvedl nd 7. lath
(*0 be pubiidrad).
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DISCUSSION

B.B. Singht What was the duration of time in which sum

peaks in singles were observed.

R, Singhs It was about half an hour. In fact the

source was qulte strong.

K.P. quinathan} 1) What are the firm evidence for

the 182 keV level? 2) What accuracy can you plgece on
the energies of the levels from the cascade orogsL
over consistency? 3) I have looked for a possible

91 keV transition from a 182 keV level with a Ge(Li).
detector of resolution € 0.5 keV but failed to find it.

I strongly suspect possibility of impurity in your sample.

R. Singhst 1) The 91 keV gate coincidence "spectrum glve
a beautiful peak at 91 keV and the 182 keV gate spectrum
gives 137.6 keV, 307.9 and 349 keV peaks: 2) This is
0.5 keV. 3) No matter what is the resolution of the
detector, singles spectrum is not enough to exclude this
level because the 182 keV transition is quite weak. We

have worried enough to look for the impurities.
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DECAY oF 11574 aup THE ECITED LEVELS oF 116In
SN, Chaturvedit ¢. Ringacrarpaul*G.k. Mentd*sna N.Ratht
++ 1. X1, Kunpurbn-;ma:r;grfasf.undu Univergity,

I, ISIRDUCTION

Radionctive decay of 143 Asys 1359¢3 hag beon
studlod by savoral investizators’) Rao ot a1 Y propo-
ged the decay scheme uging electronie swning scintille-
tion spoctremoter ond assigned nev levels at 650 and
1660 YeV along with geveral new garns tronsitions,
Subzequently Greofeoe et al ) studied the docay schoms
or 1188¢cy ang 3158CH uetng Ge(l1) = HaI{T1) cotnciden~
ce meagurenents, Thoy bave indicated new levels at
£22 and 336 ke¥ followirp the decav of 1187¢a sna
severel garmn cemponentgs reported by Rio ot al have
not becn ohgerved in thoir studies, However azong all
the enrlier studios thare bos always beon some incon~
sl staneirs in the nunber of levels and the nurbder of
garnd transitions. The preosent {nvestigation has been
earried out to examine the inconsistancics in rore
dotails enploying GefLi) detector snd sum cofncildance
geintillation gpoctroneter,

11, EQRENEZITIL DETAILS

Singles spectra were token with Co(Li)} detector
having 3 koV resolution at 662 keV, A conventicnnl
fast ~ zlow rum colncldenco seteup 1a used in present
studles, Tre §G AVP tubes mounted »ith ™ x 2" hal(T1)

erystal sere used as acintillation detecto



resolving time of fast coincldence circuit was '20 ng.

The sum gate width used wag about S0 keV,

IIT., RESULT AND DI SCUSSIONS

The singles spectrum of 115mCd in two energy
ranges were taken to cover the entire range of gamma
T8@ys. Several such spectra were recorded gt different
time intervals in order to follow the half 1ife of
obgerved gamm2 rays before ascribing each to the decay
of 118mcg, several impurity peaks are present in the
spectrum and 13405 1s found to be one of them, Gamma
rays of followins energles were observed in the decay
of 119Maq 5 106, 157, 2¢7, 236, 485, 492, £92, 828, 934,
1133, 1290, 1420 and 1450 keV.

The sum coincldence spectra were recorded at
14570, 1420, 1200, 1133, 934 and 598 keV gates. In the
analysis of gpectra the effect of photo-compton
summing wasg also accounted.

The sum coincidencs spectra at 1450 keV gate
does not provide any cascade transition. The 1450 keV
ganmé ray observed in the Ge(L1) singles spectrum is
due to & cross-over transition.

The sum coincidence gpectrum at 1420 keV gate
glves the gamma rays of energies 2£7, 4£5, 592, €28, 934
and 1133 keV which are clearly observed in the spectrum.
These are ascribed to the following decay modes ¢
1420 —+1133—0} 14E:O—¢934-—»0 and 1420— 828~ 0,
This provides and evidence for a level at 828 keV, The
1420 keV gamma ray obsgerved in Ge(Li) spectrum shows &8

cross~over transition from this level.
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The spectruw goted at 1200 keV shows the exia
tenco of 167 ond 1133 YoV gon~a rayg due to 1590~
1133~ 0 decay mode. A eross over transition from
this level 1y also ohgerved in Go{L1) spoctrim.

The spectrus goted at 1133 keV does not show
any genuine gazra ray poak. The 1133 keV gazmma ray
observed {n singles spectrun loods us to the conclpe
nion thet 1133 keV level haa only a cross-over transie
tion.

The sum coincidesnce cpactrutt at @34 veV gote
gives an indication of 106 ond €78 YeV palr, Thia
cén be accounted as 934 ~+E£25 =0 dacay mode, Thus
here 1s on edditionsl evidence for the exigstance of
£2£ VeV level ond 0 gemra ray of energy 106 keV, A
cross-over trangition frem @33 ¥eV level i aleo obser-
ved in the Ge(Li) sinrles spectrm,

Tha sum colncidence ecpectrum ot £°€ eV gote
gives an intieation of 106 angd 4°2 keV pa~~a rays wvhich
can be bscribed to the 9~ f08~e336 ¥eV dochy rode,
ity aleo confipry e Level ab 25 FoV and the gasra
rays of 106 & 492 keV enorgies.

The £28 VeV level is based on the evidences
fron 1420 and 934 keV gnted rpoctya, The 140 ke¥
gated sum coincidence spoctrum clearly indleates & new
transition of 502 keV brtwoen the 1410 and £72€ beV
states, The D34 ard E°C yeV gated speetiu cenfirsa

ths ext{stence of 106 and 402 keV gerras and n level ot
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£28 keV which 1s also in aecordance with Graefee et als).
Like most of the carlier studies except draefeo et al
ve algé find the exlgtence of 267 keV gamma ray ariging
between the 1420 and 1133 keV states, In present
investigation we do not find any evidence for levels
at 650 and 1560 keV reported earlier by Rao et al 4).

A level scheme of 115In from the decay of 116m

Cd
has been constructed based on the present gtudies and

1s shown in figure L .
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DISCUSSION

K.L. Narasimham: Please explain the method of dis-

tinguishing between the results inferred from the sum
calnes spectra at 1450 and 1420 since the full energy peak
at this cnergy extends by 140 keV however accurately

the window is set.

S.N. Chaturvedis There was a gate width of + 75 keV

!
only in each case and thus there is no questlion of

interference in 1420 and 1450 keV gate spectrum.

K.G. Prasads There has been extensive studies on the

115m03 by various methods. What is %he

decay of

purpose of studying this by the sum co%ncidence method?

S.N. Chaturvedi: Recent studies by Gracfee et al hae
116

shovn some confusion in the population of In levels

115m

following the decay of cd particularly the (106 +

492) keV cascade transition. " Present studles were
made to see such inconsistencies in more details and
a level scheme consistent with singles and sum-coin-
cidence studies has been proposed. However, spin and
parity assignments of the higher excited states has
not reached to a compromise as yet. To do this, rela~-
tive intensity measurements has also been carried out
and theoretical calculations will be made to have &
compromise between the experimental and theoretical

results.
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P.G. Bnngens The suz-coincidence nethod permits one
clean experiment, the melection of the highest guxm
line in the agpectrun, For lower gettingp ons gets

{alee poaks, ¥hat have you done to get rid of therpe?

S.¥. Chaturvedi: Sum-ceincidence method for cavcade
ptudles is definitely troublesome at lower encrgy
gaten vhere true to chanct coincidence ratioc becoces
poorer. But in our case the lowent sun peak gate »ap
of H98 keV where we had true to chance ratlo of the
order of 5011, However in the analysis part of the
sun-coincidence ohoctrum eeveral gum-gates were aleo

taven into account for intercaccade studies.






STV EMPAIDTICE STUMEY o 130,

€. Rmagacharyulu and G.F. Uahte
Dejart=mnt of Yhynten
Indlan L oiltate of Tecknolapy, Keagure16

Tre gorra rya foliowing the lectron enpture deery of mm have
bean invertipated by cuny wo'hra‘-s). The griment tnvestipation wag
underia¥en to anolmn the Frn ray enargies prosvsply and to otadiick
the renntic relaticna of the gorza rmayo.

Tre sagpuren nte waro done {n two atares. In tha firat, vinrleg
#ractro wure rucordod with n G~(14) detestor of reaolution Freairay
at 662keVe The speetira wore records! st repular intervaln 1o fojlow
the decay of garra 1%/8. This was dono to efeure thnt the gamea rga

13

befng conaidered are vwally of 105. Scce {rjurity gas~n rays verw

alsa obmarved but those could be casllv datinguiated from the ginuine

enon. Fith thap ntndlos, tho g rays of "

Cn aro found to be of
tha following ennrgloss 54467 70,05 02,35 92,25 12%.5) 133.43 157T.%s
215,71 239465 247.01 249,51 29451 373.01 404,37 420,37 453.€1 4€1.5;
400,65 496,55 406,51 572,05 585.01 620,05 675.4¢ 696,31 832,71 915.0¢
824,97 95349 and 10484 YoV,

Soeond plage wan thy eun eccireidenco miudien using a iy of
anrtntlllation detectors. The deteetors wam of 1576 x 2 1a1(Ts)
eryatnln vounted m 5C AVT photar 2tiplicr tubes, The speotrocstor
alns bas Casteslom coincidetce with a 13t reeclving tiva 2€¥a30 n 2=y
™8 block diarma~ 2f the grt up in abwn in Mg, 1.

9= roineldenre Bpacts were recnrded sith metos st 1043, 025,
£3%, 6%, 620, 404, 373 md 216 ke¥, Thers are ro levsly a2 Y05, RN
and 404 Ya¥, dut thesd epectra ware rueorird $o aivdy e i~ le cuve
5 en in 1010 (e 121.5, 100,5~2215,7 o2 (20.Cmm 5T W7 e r0

T Jecays
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lloren et 9117 reported a transition o;’ 96T keV ap 1048,4—978.¢
nad~ of deeny. Murthy et a13) confiymed this but Mangal et a15) Tule
oul thlo pouiibility. In our precent investiration, we observe a 96¢
keV gammn ray in Ge (Li) spetil;rum. OQur 1040 keV gated sum coinecldence
spenhtrm alro glveg a elenr ’:.Lndicn tion of 967 and 79 keV pa’r. Thess
Lvo ebuopvetions lead to the conclusion that 1048=»79 ke¥ transltic
existo.

The oum enincldenece spectrum with gate at 697 keV showed o wir.
of gamria 1ays of ennrgiec 528 and 169 keV. To fit thin gomm pair in
the daeny schume, we have to include o level at 528 keV. As can be
gnen Jater, therc i« further evidence for 528 keV level from 404 keV
grtrd sum roineldence speetrunm.

The sum cnincidence spactrum ab 585 keV gate shows '* (wo palrs
of gauma rays, 506, 79 and 369,' 216. The former palr ig recently rey

a) 5)

rted by Yuearova ot al”‘ and tha latter by Maneal ot 2l”’. The pair

506, 72 ke moupa rays leads t0 the inclusion of a tronsition 585,04

5)

"anegal =t al”’ explained the pamma pair 369 and 216 keV as 5854373~
mode nf decay. Bul our Ge(]’d) ayectrum rules out the possibili ty of
the evistence of 212 keV gamma ray, wheress 369 keV is not completel
ruled out. So our results favour the 585—»215,7—0 modc of decay.

The sum coincidrnce spectrum with gate at 404 xeV. nliows a £
ralr 312 and 92 keV which could be erplained only as 508~+215.7—+123
mode of decay. Thus here is another evidence for the existence of a
level et 528 keV.

2)

Karlsson®’ with his Ge(Td) studies proposed a new gamna Iay of

enelyy 3ed WeV 25 697—373 mode of decay. We do not get any indicati

for this gwra ray.

1)

Toren et al’ ’ reported the following coscade modes of decay of
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DECAY OF §:°°7,

K L HARASIMAAM, M H SITARAVANATH, S50 V LAKSHUINARAYAMA,
Laboratories for Xuclesr Research, Andhra University, Weltalr
AND
A P PATRO
Saha Institute of Huclear Physics, Calcutts.

3. JuTRODUCYICN

The low lying levels of 5%8% and 8%5r are studled from
Sansr decay with scintfllation and magnetic spectrcoelerllo
There are no recent investlgetions on this decay except the mes-
suremsnt of 555: ground state decsy energy, of MeDonnel et clq.
The present study {g undertaken to make a high resolution
spectroscopic Investigstion of the camma rays follewing Bzﬂsr

decay,

IXI. EXPERIVENTAL DETAILS

Enriched 865r (98X} obtatned from ORML §3 bombarded with
14 MeV neutrons from the Cockeroft ¥alton atcel-rttor’ st SIhp,
Calcutts, The gamma spectrs sre recorded with » 2, c.c Gell})
detector{which gave s full energy peak of Fratd 2.5 keV for
137Ct garma raysd at the cyclotron division of the abtove insti-

tute,

A typical gamvws spectrum recorded with huclesr Data 312
snslyzer is shown in Fig.3, The spectrs are taken at regulsr
intervals of 70 mlautes and al) the peaks in thly spectrun are
seen to follow this half-1ife characteristic of 5am

CTe  The
® The authors are thankful 2o Prof. $.K, !tukherJee for allowing
us to carry cut thess I{rradlations,
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energy calibration of the detector is dmam carried out by
recording standard gsmma spectra in presence of the experi~
mental source. The relative photopeak efficiéncy data for
this detector was obtainod3 using 152Eu a5 standard. ﬁUsing
this data, the number of counts under the fullenergy peaks
were corrected for detector efficiency to obtain the relative
photon intensities. The errors in the relative intensities
include the uncertainities in measuring the photopeak areas

snd those in the detection efficiency.

The energies and relative intensities obtained in the
present work are shown in Table I along with the results:of
5unyar4. In—the present-study:the.peak st The 232 keV peak
in the scintillation spectrum of Sunyar 1s resolved now into

two peaks at 232 and 237 keV in the present study.
III. DISCUSSION

The electron capture branching intensity to the 151 keV
level in 85ab can be estimated provided the relative inten-
sities éf the unconverted gsmma rays and conversion coeffi-
cients are known. For this purpose the conversion electron
data of Sunyar et a3l is assumed. The ratio of the 9onversion
electron intensities of the 151 and 232 + 237 keV transitions
{(obtained with a lens spectrometer:) and the K-conversion inten-
cities of the 232 and 237 keV transitions (obtained with 3 180°
spectrometer) are assumed. From the present results and the

above data, the K-conversion coefficients for 232 and 237 keV



transition sxe obtalned and these are normelized relstive to
the K-converslon coefficient for the 151 kev tnmition’.
These results are shown in Table II along with interpolated
theozretical conversfen coefficlents {calculated taking Inte
account the finite nuclesar slze, electzon binding enerpies
ete) of Haeger and senzer&. From these recults the 2lectron
coapture branching ratin fs obtatned as éﬁf”me log £t value
for this branching s calculated (using the value 1007 keV for
the electron cipture decay energy of sbs: ground state frem the
results of McDonnel et a1} sv 4,6 fndicating an allewed nature
for this transition.

The ground state spin and parity of ebsr nd Bﬁah are
kniown to be .;.‘and %‘. It can be seen from the table that the
present value of the conversion coefficient for the 232 kev
transition §s consistant with Ml + E2 nature. The conversica
coefficient of the 237 keV transition however, suggests z €3
nature for thés transitien. In the earlier studies a spin of
é ~ was suggested to the 237 keV state, This asuignuent needs
the 237 keV transition 2o be 4. The theoretfcal valus of the
conversion coefficient for M4 Is much larger {1.8%) thsn the
present experimental vilue. It therefore appears that elther
the charscter of the 237 ksV state f3 3/2° or the ground and
the 232 keV states, have spins 7/2% and 9/2+ respectively. The
allowed nature of the beta feeding to the 1Bl keV state of
esl\h {ron the 237 keV state of 855: cannot rule out the pevsf~
bilftdes 1/27 or 3/27 for the 237 keV state,



iy iy £y =

TABLE I

Gamma energies and relative intensities in the decay of 85”5

)

Ensrgy (kaV)
Present work,  Sunysr et al,

Relative intensity
pregsent work,

Sunyar et 3l,

101e2 150 12,8 + 1 16.53

232,11 225 100 100

237.8 233 4.8 + .3 154

EK branching (1%) 1.5 14
TABLE 11

¥ conversion corfflcients for 232 and 237 keV tronsitions,

Present

Transi:éon Energy Theoretical valuese work .Sunyar
232.1 My El E2 .023+.,005 .026
. 0164 . 009 .0485
237.8 Ma EJ E4
1-85 .Qg 093 .16-‘_"..05 bad
REFERENCES

1. Sunyar et al, Phy. Rev. 86 (1952) 1023,

2, Hollander, Tsbla of Jsotopes, 1968, John Wyly & Co. N.Y.

3. McDonnel et al, Nucl. Phy. 127, 85,

4., A.P. Patro ot al, Private communication.{1969).
5. I. Bergstrom et al, Phy. Rev. 79 (1950} 537,
6. Haeger and E.C. Seltzer, Nuclear Data (1968) A4, l.









BETA-GAMMA DIRECTJOHAL CORRFLATIOM MEASUREMENTS IN TME
DECAY OF Pr-142,

A. KHAYYOOM, M.L. NARASIMHA RAJY and D.L. SASTRY
The lahoratorles for Muclear Reseaxch, Andhra University,
altalr.

1. INTRODUCTION

The decay schemr of Rr-142 is known from earlfer
works?, The decay of Pr-142 proceeds to the first efued
state of Nd-142 with an intensity of 3.7% which subse-
quently decays to the ground state by the emission of
1576Xev gamma radistion. The ground to ground beta
transition taking place between Pr-142 and Nd-142 has
Intensity of 96.3%. The beta-gamma cascade which 1s of
present interst follows the spin geuvence 27(B) 2% (%) ot
The inner beta group hss an end point energy of 582Kev
and has an sllowed spectral shape“ with a log(ft) of 7.1.
The (§ ) vslue for Pr-142 is 13.45 which is relative-
1y larger than the end point energy 2.149nc2 units , Thus
her~ 1s 2 case with charecterstics which fits into the
g approximauon?'a The validity of th-gapproxlmuon
requires 2 first forbidden bets transitfon to exhibit a1l
the allowed charecteristics concerning the log(ft) value
(1e) shape and beta-gamma anlsotropjc. Hence » megsure-
nant of the beta-gsmma anisotropy forms a3 cilitical test
for the valldity of € approximation. If the & arproxi-
nation holds good the anlsotropy is expectisd to te of
small magnitude of order rg Previous date on * -

directional correlation measurerants >



have been availsble only from the work of Hess et a1%,
They only mentioncd {hei the enisotropy is of the order
of zero with in experimental errors. However in this
work one finds the absence of the ectual energy depen-
dence of the heta~gamma angular correlation function.
So it is felt worth while 1o carry out a systematic
measurement of the energy dependence of the beta-gamma

directlonal correlation.

IT, EXPERIMENTAL DETAILS

The expverimental set-up consists of a conventional

slow-fast coincidence SpéctrOmeter described else whereb.
The isotope Pr-142 is obteined from B.A.R.C, Bombasy in
the form of paroscodemium chloride in liquid form, The
source is prepared by slowly evoparating to dryness a
drpp of Pr-142 on a2 mylar film of thickness 0.6 mg/cm2
over an ares of 3mm dizmeter. A drop of insulin is
added to the same to aid uniform spreading of the source,
The source is centred properly so as to ensure that the
variation of the count rate in the movalble gamma detec-

tor i1s less than 1%,

In the inteqral correlation experiment bets particles
of enargy above 200Kev are accepted in the beta channel,
and {n gamma channel the photo-peak of 1576Kev gamma is
accepted with a window of 150Kev. The differential
correlation experiment was conducted at four beta energles

{n the range 200-500Kev in steps of 100Kev using 2 ten



chennel snslyzer.

131. RESULTS

The 4integrsl correlstion datr are fitted to the
standard polynomial
% {0) = 1+ AP iCose) ¢ AP, (Cose)
by the least squrs fit due to a0|e6. The anguler corre-
lation function after correcting for geometry of both
the detectors is found to be

n () = 14(0.02530.01269) P,lCoB) + (0.01240.0148)
P, {Cos0)
The differentisl correlation dats are suwerised In

table I,sfter correcting for gsrma-gsra background and
geometry of both the detectors. It emay be noted that
no resclutfon correction has been spplied for the finate
resolution of the bets spectrometer st the regolutlon
correction is expected to fall with &n the 1imits of
exptal errars. Fron the table It miy be hoted that the
beta-gamma anisotropy §s very small and the energy de-
pendince of the angular correlstlon functien is slso
3mall. These $wo factors are consistent with the Jog{ft)
value of the HB2Kev beta trangition and ite allowsad ehape.
Thus it nay be concluded from the present work that the
main festures of the 582Kev heta transition in Pr-142
sre in sccordence with the valldity of the ;umrexi-

mation.
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TADLE I

Eneray Anisotropy Correlsation

meunits t

1,391 0.00830.019
1.587  0.01840.023
1,783  0.,04530,026
1,979 0,04240.02?

REEERENCES

co-eft. ¢

0.00540.012
0.01340.015
0.03240.017
0.03 30.015

Reduced correslation
Co*afta er

0.00840.018
0,01340,016
0,02640,013
0.02 $0,009

1) §. Raman  HNucl. Phy. A1l3, €03 (1968)
Phy. Rev 113,B 1467 (1965)
3) Kotani T, Phy. Rev. 114, 795 (1959)

A) R. Hess, P, Lipnik, F.S.Perdrisat and J.W. Sunier,
Nucl. Phys 54, 673 (1964)

5) M.L, Narasimha Raju, D.L.Sastry and E. Kondiah;
Nuovo Cemento 56,829 (1968)

5) Rose M.E.; Phy. Rev. 91,610 {1953)

23 Kotenl T, Ross M,



GAL _A=~GA T4 ANGULAR COPMELATIRS IN Nd-147.

B.R. Bastry, K.L. Narasirha~ and D.L. Sastry,

The Lzboratories for Luclesr R=s»2rch,
Andhre University, #altatr, Indis.

X. INTRODLCTIOM

The prop~rties of gemma trensitions in 147Pn

were studied 'arlirrl‘z threugh garma~gar~a 2ngular
correlations following th~ bet. decay of 147hd. Spr!ng3
studier the angular correlations for som~ of the cascades
ln147ﬂd and analysed the results assuming the 91 kev
transition to be nearly 0-4" 2. The nixing ratios of the
second transitions { in cascades anvolving 91 keV qom~g
ray ) extracted were therefore assoclated with liras
errars. When the 440-91 cascede corr~litlon 1is stud’ed2
erploying conventional fasteslow arrangersnt, the obser-
ved coincidenc s had to be corrscted for the 400-%0 and
595-01 cascade contributions ~nd the %33 keV intence
transition which largely contribut~s to chanc~ cuincides
nces. Both thege are elin nated vhen the cofncidance
spectra are r corded setting the sum ccincidence gate at
533 KeV, in addition to th» doubled +~Iffciency inhar~nt
of the sur-colncid-ace ¢rzargsn nt. In the present laves-
tigation the 440+91 keV trrrsition 15 studied using the
suw~coincidsnee arranpe~=nt end the £ 559-91 FaV tr.nsi-
tion is studied with a conventiunal fist-slov arse-dly,

IX, EXPERI-IT2L

Th~ source 47:d «~ploy~a in thiz stuty {=
obtained fr = the DART, Bo~bry, The su= ceincidenc»
arrarasrent consisted of twa wall ratehed §24 X 2% rat{r1}
-6292 crystal- phato~ultiplier co~minaticns arrecqes in
7 ¢rs graretry, The colncidencs sp=ctra weres rrcordst
en 2 100 chanpsl snalyzer at 937, 125%n s 160° anglee
betesan the getactort, These raye e~loye s, 2{t r Crrres
ctire for chanc~ and detmeter gen=riry to fit In the

1
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polynomialofo the form W(@)= 1+ A2P2(Cos o) + A4P,4(Cose)
and the angulpar correlatlion coefficients were calculatod
employing the White's method,

IIY. RESULTS

The A2 and A4 obtained for the two cascades

studied presently are given below.
s')-

Cascade A, Ay Q= T75”

91-599 keV  0.0194540,05  0,3679+0.054  0.1840.14
91-440 keV 006295 #0.0261 0,023 +0.027 0.3 +0.08

Assuming 0,8% E2 for the 91 keV transitioﬁ the mixings
for 440 and 599 keV transitions ate extracted using the
single trensition curves of Arns and Widenbeck5.

IV. DISCUSSION

Assuming the 91 keV transition to be 0.8% E2,
the present investigation yirlded the quadrupole content
of the 440 keV gzmma ray to be ( 0.3 + 0.08 ). This is
in agreement with the value reported in ref.2. The quadru=
pole admixture for the 599 keV gamma ray is extrascted to
be( 0.18 + 0.14 ) which is consistant with a 5/2+ for the
character of the 690 keV state. The higher value of the
quadrupole admixture is rulsd out on the basis of the

§” Vs energy curves due to Westemberger et al .

V. REFERENCES
1. Table of Isotopes 1968.
2. M.S. Rajput et al,Indian Journal of Physics,42,7£323)

3. Spring , Physics Letters, 7,218, 1963.

4, Ranakumar N., Ph.D. Thesis.

5, Arns and VWidenbeck, Physical Review,111,1623.

6. Westenberger et al , Phy. Rev., 123, 1812, 1963.
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each and yielded a resolution of 2.8 eV for Goni
1332 LeV gamna rays. & block diagram of the erperimen-
tal set-up is shown in Fig. 1. Singles spectrum, back-
ground specirum and singles spectrum with external
standards are recorded each for 12 hours. The 4096 X
4096 coincidence data is recorded on magnetic tapes
for 4 days. Durins this time X and Y projections

are stored alternatively in the system menory. Later
the nmasneiic tape data is used to successively feed
back into the system memory the coincidence spectra
for B selected getes and the corresponding backpround.
The backsround subtracted spectira for gates 414, 550,
553, 611, 630, 870, 1034 and 1622 KeV are used in the
final interprecialion.

I7T "esvlic and discussion

‘.......-.-.—

e coincidence dato “pmarised in Table 1.
4
The lerel schene of 1485, from the goinci=-
i'} b
dence daita is showm in Fig. dev
kN
T reculls of Cline a wdi

»o sparised U

{2 traugition 4. ,
jahots innlad of
AT ¢ in eax
(»y 121 575)






COIL.CT.:) 41iCl DATA

yatle Tneryry (lleV Coincident Gammas (IleV)
1622 550,630
1034 550,630
870 550,611,770,799
630 511,414,502,550,553,620,654,

683,715,726,896,916,930, 968,
990,1014,1034,1104, 1147, 1207,
1236,1310,1344,1461,1543,
1622 and 1650

611 3111414’433’550y572;654’683}
799,870, 1063,1329 and 1363

553 414,4334550,611,630,654,683

550 M1l gammas for 611 and 630

KeV gzates. Additional lines
at 1183,1355,1409 and 1560

414 coinc dences supporiing
above data
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(c) Two new levels at 1959 and 2111 KeV are introduced
to account for the 1409 and 1561 KeV lines in the coin-
cidence spectrum wilh gate 550 eV,

(a) Two new levels at 2584 and 2698 LeV are introduced
to account for the 990 and 1104 XeV lines in the coinci-
dence spectra with gates 414, 550 and 630 KeV.

The level scheme shown in Fig.2 differs considerably

(2)

from that shovn in the table of isotopes
RETESIENCES
1. J. Cline Nuclear Physics 96, 97 (1967)

2. Table of Isotopes : C.il.Lederer,J.l .Hollander and

I.Perlman, 6th edition, John .iley (1968)



IRIPLE GAMMA CQOT ENCE AND ANGULAR CO! TI00
STUDIES IN Cdﬁ&vrxom THE DEQAY OP Aiﬁ%

U.S, Ponde and B.P. Singh
Fnysics Dopartrert, Univeraity of Roorkes, Roorkea

Schems
. INTRODIOTION: Decay/of 04110 following the decny of

4g119% g voen studied by many investigators. Gamma-gamna
anguler corrolation studies do  not revesl uanfque value
of spins of the exclted levels involved and rultipolarity
of the transitions nmre different by different workers,
thorefore triple gamma angular corrolation otudire nro
taken up.

IX. BYPERIMENTAL SET UP: Three NaX{T1) dotectors (spectro-
meters) have been used for the triple gamma caincidence
and engular correlation studies. Tho mounting of theme
three detectors have been dono in two geomotriep, (1)
Putting all the throe detectors im the plane of the tahle
equidistant from the acurce. The two detactors are fixed
parpandicular to each other and the third detector is
movable in opposite quadrant, ona of the fixed detector
always dstects the firnt ganma of the cascade., The othor
two deteotorn detect the 2nd and third gamma rays of the
casoads, 18¢ ue 0all this the P’goometry, (2) Two detectore
ars in the plane of the table and one perpendicular to the
plane of the tadble. A1l the three are equidistant from
the aource. On® of the detectors on the plens of the
table 15 fixed anad alwgys dptoots the first gomma ray of
the crsceds and the other ons is movable. The detector
perpendicalar to the plane of the table 15 Lixed and

nmakés the angle of 907 with both the detectors, let us
call thias the O geomatry, Two ooinoidence units sre used
in these ntudfas, A gato of gampa-garma coinoidence of
858 Yo¥{zelscting in 4 yolts channel width) and 854 keV
{in integral epactrum above BOO keV) is formed using one
coinciclienec unit. This gate 1a one of ths inpat of the




socond coincidence unit end other input of the ond coinci-
donce unii is from the firast detecter which goans tho
specirum in one volt ohannel width. %he single gamma ray
opectrum aglong with triplo gamma ray spectrum is shown in
Fig.1(n) which clesrly indicetes the peal corresponding to
1384 InV-888 keV-658 koV cascade.

HESULTS: The sngular correlation studies are done keeping
“he 13584 keV at photopeask in 4 volts channel width and
othor gamma reys arc selected as mentioned above., The
moveble detector was kept at varions angles of 80°, 112.5°,
1359, 157.5% end 180°, The angular correlaetion function
was calculated by the §§3h°d of least gquare fif( Sho
rosults obtained/without applying solid anglo corre-
‘etion | this correction is considered in the theorotical
caloculations of angular correlation éoefficienxs). The

corrolation function thus obtained are:
For P geometry W)=\~ (03] +£.0- 026D Py Cease) +(0 030 T 00k =9
For G geometry WeY= \~ (0 3anT 00tadf (0 +(oosetooT)fi(eg)

DISCUSSION: Level scheme for this cascede is given® an

6.5,y + BEWEY, 4 FRUKY 5 p, GSEXN, o4
"7 mreDY €, 129 ’
884 keV =2nd 658 keV are teken to be pure Ep by experiren-
tal studies (mainly conversion coefficient data and gamnao-
gamma anguler correlation data). 1384 keV is taken to be
mixture of dipole and quadrupole radiations. The theore-
tical plot for angular correlation coefficient Ag versus Q
(Q= 62/1-4—62 vhero & is amplitude mixing paramgtsr ) has
been done for both the geometries P and C taking spin 6
to 2926 keV level by the msthod alr;ady mpoﬁgg.g It
has been shown by Litherland et al.” that 1f/884 keV and
668 keV gamma rays are Ep then if detectors detecting
2nd gamma ray and third gamma rey of the cascade are
interchanged, the triple gemma angular correlation coeffi-

cients are the same. The Ao exp. in ¢ geometry cuts the
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graph (Ap versus Q) at two points giving Q) = 0,180.12

end Qp = 0.89_758'2: . The latter velue ip re;)ectodﬂoz.lozho
basis that 138&.k9V i6 mafnly K3 with mixture or Bp. The
Ag°*P* 4n P geometry cuts the graph (theorctical Ay versus

10,083 40,04
i = e
Q) giving Qy =0 155—0.06 and Q; = 0.94 5" 0a The letter

value is rejected es done in P geometry. The Q; in two

geoxnetricsare almost some within experimental error. The

+0,13 +40.20

Similer plots of A2 versus Q were done taking the spin
value of 6 snd 4 for 2926 keV lewvel in both the geometries
The exparimontal value nejither toucﬁftha curves nor cuts.i{t
Thue these spin values of 6 and 4 are rejected.

Therefore this study gives the spin value of
5 to the 2926 keV lovel with Q = 0,17 0'L3
transition.

REFERENCES:

for 1384keV

1. Table of Isotopes, C.M. Lederer et al. (1965) Sixth
Edition John Wiloy and Sons Inc. Hew York, IONDOR.

Nuclear Data Sheets (1959-65) Academic Press, New York,
London.

2. U.S. Pende and B.P. Singh, Indian Journal of Pure and
Applied Physics, Vol.8, July 1970 p. 401-405,.

3, Litherland, A.E. end A.J. Ferguson 1961, Canad. J. Phys.
39, 788.

DISCUSSION

N.G. Puttaswamy: What are the new assignments from

these studies?

U.S. Pande: Spin of 5 is confirmed for £926 Key level.

Spin value of 4 and 6 are rejected by these studies.



G wm‘c:.whmm DIREGTIONAL ANGULAR NORRELATION
A STUDIES IN Dyl60 FROM THE DECAY OF TD¥RE

U.S. Pande and B.P. Singh
Physice Dcpertment Univeraity of chrkee, Roorkee

The stgn of SLTRLTHIYCINITMIP ), the anplituds
mixing ratio of gamma trensition has been the asubject of
investigation by gamma-ganma angular correlation studies.
The importance of the sign of the f&° has been arrouged by
K. szar,1 3T the detersination of slgn of § 18 indepen—
ient of phass convention. The opposite sign of '5' has
been obtained for the middle gamnma of three gamma caacade
when the angular correlation of Ist znd 2nd and the
angular correlstion of 2nd and 3rd cascade are done. It
means that if the angular correlation niudies of three
gamna cavcade (uzing three detectors) are dono tho 8ign of
& should always be negative dus to phase convention {sccor-
ding to Bledenharn and Rose? definition) and therefore the
absolute sign of '5* shall be positive if the experimonta)
value obtained by triple gamma angular correlatlaon ie
negative, and nsgative 1f experimental value i# positivs.
This gives the inportance of three ganma oascade angular
correlation atudies.

Decay of wi® 1o Dywo has been studied by many
workem.a 4 Theve ig & very intense three gamma cascade
of 298 keV « B79 ke¥ = 87 keV, 879 keV trancition is
Selindtly e stuixwre ™ of % wnd By woten 1o tne
niddle gamma, 298 keV is taken na pure Eg (but recently
#nall admizture of ¥, has also been considered, but this
does not effect the sign of & in 879 keV tronsition In
which we are interested) and 87 keV in takon®'? as pure ¥F

Three ¥aI{21){detsctors) apectr  ters uerts
The nounting of these detectors huve
geometries: (1) Putting all the th -
Plane of the tahle equidistant fro
detectors are fixed perpend foular ¢
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third is movable in the opposite quadrant, The movable
detector detects the third gamma of the cascade. The two
fixed detectors detect the Ist and 2nd gamma rays of the

cascade (say this the ‘p’geometry). (1i) In the second
geome try two detectors are in the plane of the table ang

one perpendicular to the plane of the table which is fixed
and deteots the 2nd gamina of the cascade (say this the'‘c’
geometry). One detector in the plane of the table is
fixed and always detects the rirst gamma of the cascade
and other one in the plane, is movable meking angles, of
90° to 180° with the detector in the plane of the table,

The liquid source in the form of TbClz in HC1l was sealed id
a perspex container of 3mm x 3mm.

Two coincidence units of the resolution of the

order of 107 gec. are used. The gamma-ray in 2 volts
(1 volt=loW) channel width at 87 keV was chosen in movable

detector (spectrometer). Gamma ray in another detector
(assigned to detect 2nd gamma of the cascade) are chosen
above 500 keV using it as integral. These are the inputs
for the Ist coincidence unit. The out put of this coin-
cidence unit forms the gate for the input of the 2nd
coincidence unit and other input is from the detector
assigned to detect the Ist gamma of the cascade, which
scans the spectrum in one volt channel width., Thus the
triple coincidence alongwith single spectrum is shown in

Fig.l (chance coincidence counts has been subtracted after
putting delay in 2nd coincidence unit). The peak due to

298 keV cascade is clearly indicated alongwith Compton
distribution. Considering the decay scheme the Compton
contribution of other four'three triple gamma cascades'

shall also be in the photopeak of 298 keV. But this shall
not be more than 5] and does not effect our results.

The angular correlation studies were made keeping



the gamma ray at photopeak of 298 keV in 4 volts channel
width., The angular correlation result by the method of
least squ-re fit without applying solid angle correction
are as follows

P goomotry WE)al- (O 2720 oD Rlean) 4(0 0761 0 DUE)P(Cosg)
C geometry W(E)=1 - (o 1ATE 0 01T) Ballace) - (O0UTL © 0203Fq (0)

The theoretical plot angular correlation coefficlents Agp
versus Q(Q=62/1+5%) has been done for both P and C geomotry

ta ae _:.ﬁn(-.v R LYY o
king the spin aegq a8 2- =5 lLE\.'r“M T

by the method already reported.5
Flg.2 and 3 give the theorstical plot of Ap versus
Q for C and P geometry respectively. The experimental
value as shown in graph cuts the curve giving the range of
Q Lrom 0.73 %0 1+0 &0 in G gooratry and Q;=0.0% 020 &0

and Qpx 0.98%0,01 60 in P geometry. *6' should hava the
same slgn in both the geometry therefore Qi in P, geometry
18 rejected while Qp is taken. The mean value of Q lies
from 0.73 to 1.00 in Cy geometry on the other hand the
value in Pp geometry is 0,98:10.01. Considering the small
error in this value and this value lies in the range of Q
obtained in C geometry it is more appropriate to take
Q = 0.98£0.01 giving 6 = +7,0072"32, The absolute sign
of & should be negative to make experimental sign of 'S5’
positive. The b with sbsolute aien s -7,00% 2:30.
REFERENCES
1. X, Kumar Phys. Letters Vol. 298 No.1{1969).
2, L,C. Biedenharn and M.E, Roge, Rev. Mod. Phys. 25,729
(1953)

3, Nuclear Data Sheats (1959-65) Acedemic Press, New York.
4, J.M, Jaklevic, et al, Nucl. Phys. A99 (1967) 83-99.

5, U.S. Pande and B.P, Singh, Ind. J, Pure and Applied
Phys. Vol.8, July {19709 p.401-405.

W e Beradon b
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third is movable in the opposite quadrant., The movable
detector detects the thtrd gamma of the cascade. The two
fixed detectors detect the Ist and 2nd gamma rays of the

cascade (say this the ‘p’geometry). (11) In the second
geometry two deteotors are in the plane of the table and

one poerpendiculur to the plane of the table which is fixed
and deteots the 2nd gamﬁa of the cascade (say this the ‘¢’
geometry). One detector in the plane of the table is
fixed and always detects the tirst gamma of the cascade
and other one in the plane, is movable making angles, of
90° to 180° with the detector in the plane of the table,

The liguid source in the form of TbClz in HC1 was sealed in
a perspex container of 3mm x 3mm.

-

Two coincidence units of the resolution of the

order of 10”7 gec. are used. The gamma-ray in 2 volts
(1 volit=loxV) channel width at 87 keV was chosen in movable

detector (spectrometer). Gamma ray in another detector
(assigned to detect 2nd gamma of the cascade) are chosen
above 500 keV using it as integral. These are the inputs
for the Ist coincidence unit. The out put of thie coin-
cidence:unit forms the gate for the input of the 2nd
coincidence unit and other input is from the detector
assigned to detect the Ist gamma of the cascade, which
scans the spectrum iﬂ one volt channel width. Thus the
triple coincidence alongwith single spectrum is shown in
Fig.l (chance coincidence counts has been subtracted after
putting delay in 2nd coincidence unit). The peak due to
298 keV cascade is clearly indicated alongwith Compton
distribution. Considering the decay scheme the Compton
contribution of other four'three triple gamma cascadeg'
shall also be in the photopeak of 298 keV. But this shall
not be more than 5] and does not effect our results.

The angular correlation studies were made keeping
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the gamma ray at photopoak of £98 keV in 4 volts channel
width, Yhe angular correlation result by the method of
least squ-re £1¢ without applying eolid angle correction
are 88 followd

P geopatry WEIal- LO2TLD HDRLAD 40 0761 0 DULIP (e

C geometry WE)~\ = (o TToowm) £y Ceose)~ (O 04T © ©26DPy ()

The theoreticel plot engular correlatfon coefficients Ap
versus Q(Q:&z/hbz) has been done for both P and C geometry
taking the spin sequonce as 1—5“151&,14;'4“_:“;.‘. Mé:_lvod’
by the methed slready teported.5

Fig.2 and 3 give the tueoretical plot of Ap versus
Q for U and P geozetry respectively. The experimental
value as shomn in graph cuts the curve giving the range of

Q fxom 0.73 to 1:0 $50 4n C goonetry and Qy=0.0%1 9 22 8¢

and Qo= 0.98%0.01 60 in P geometry, '6' should have the
same eign in both the pgeometry therefore Qi in P2 geome try
18 relected while Q; 18 taken, The mean value of Q lies
from 0.73 to 1,00 in Cy genmetry on the other hand the
volue in Pp geowetry fo 0.98:0.01. Considering the small
error in this value and this value lies in the range of Q
obtained in € geometry it is =ore appropriate to take
Q = 0.98%0.01 giving & = +7.00.0:52. The absolute sign
of & should be negative to make experimental sign of 'S’
positive. The b with absolute sigm is -7 oo"'f .
REFERENCES
1, K, Kupar Phys., Letters Vol. 29B No.1(1969).
2, L.C. Biedenharn and M.E, Rose, Rev. Mod. Fhys. 25,729
(1953) .

3, Nuclear Dats Sheets (1959-65) Academic Press, New York,
4, J.M, Jaklevic, et al. Nucl. Phys. A99 (1967) 83-99,

6. U.S, Pande and B.P. Si.nszh nd. J. Pure and Applied
Phys. Vol.8, July (1970) p.401-405.
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INTERNAL FREMSSTRAHLUNG FROM 32p

M.5. Powar and M,Simgh
Fhysics Depurtment, Punjabl Uatversity,Patiala,

I, TN H00TICIor

The Internal Bre~sstrahlung (IB) acrorpanying
the allowed heta deepy ir 32? {(with ?:w- 1.71 *'eV) has
been investigated by several workers in the last three
decales. '"iile sone of the measurements srow az overall

- (L™
azre~~ont with the K.U.B. theory

Coulomb er!ects(i’) the others .how a wide diseeresnemt,

corvacted for

Post of the earlier feasurezents were confined to low
ptoton enarzies ( below 250 keY) and agreed reasonably
with the theory. The later maasursmants, coveriag photos
onerry reelon upto or sligtly higher than 1 MeV,
diserran arong therselves, Measuirezents of Mirty md
Jnnnananda(“) showad oo averall grreement hetween
oxpariment and theary upto photon erergy of 1 MeV within
about 15 percent., BPut later reasurerents of Kreische et.
.1(6) showed a wids departure from theory renging from 8

to 100 percent in the sarme enerzy reglon. Rerenyl and Vargs
in thair racont detailed studies, point out that the
exce3.es observed by earlisr workers can be satisfactorily
aseribed to the prasenca of Externmal =remsstrahlune

(E®) produced by the beta raiiation. Their results show
zrreement with Coulomh corrected ¥UB theory within

6 % for photom emergies upto 1 PaV, The present suthors
have considered it i-portant to carry out reasure-

TaY
“ants up to photm enmrsies very close to ':P
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in ordar to check the theory rora Tigorously in thega
1imits. This erminicsbion glves a prelimbiary report
of these mearurements,

11, _LXPIRINMEN LAL

A mrjer difficulty while warking
in photon enermy region above 1eeV 1s the low intensity
of IR radiation amd resulting poor stetistles. In
nrfinr’,f:"o overcotr this , a sufficiently strong catrier
free UP source .(2 me) Supp4 ted 59 79, in d1luteHol by
BARC EBombsy, ¢res prepzred on g thin voiythme £ilm
(1.47 ne/em) supported om sluminium rirg of inner
Alamrter 5,1 ems The- gource material was uniformly
JFistributed on » circular ares of 4mm dismeber with the
help of plane insulin solution, '

The IB spectrum was receorded with a
sinrle chinrel gamma ray spectrometer - - using 7D8
NaI (T1 ) crystal of 1.75 dismeter snd 2" thickness,
supplied’ hy Harshasw Co, coupled to 6727 Duromt photo-
multiplier. The detector was pleced at a distance of
10 cm from the snrurce and shielded with 4cm thick tead
1imed inside with thin aluminium sheet, The hata particleps
emitted by the éouren werns ghsorhed in an ebonite disc
600 m{;/cm2 Placed nt »n distsnce of 2 cm I:rom the
source. The chernel width was voried from 5 keV to 30 keV
taking care tO ensure that the channel width at apy
enerery was smaller st least by a factor of * 3, than the
line resolution at that enerry. Sufficlent cournts were
rncr;;dred so s to ensure countine statistics better tham
3% even at 1500 keV. Proper checks to ensure the

absence ot electronic drift were mzde.

7



IIX. CORAUGTIONS TO IH PISTRIIUTIUN .

The pulse height distritution of IB was
corracted for backeround, desdtire of clectronic assambly,
ererey rasslutien, Chmpton Alstridution, Todine K-X ray
cscayo, photofrictior and detector efficlency. The
resolu;lon correction was ap,lied y the method plven by
Novey. Corpton enrrection was celculsted by approximatine
the chupe of the Comptom distribition for o riven enerry td
a stipight line. K-‘('uy corroct 1on was erplied by using
the data edven by r'rcuthwel.(a%he I8 distribution wos also
corrected for the backseattered radintion. Complete
spectTa of 1z ™03, cel?l, grl, Pﬁu“,‘ 768%na €sl37sources
were recorded under the apove exparimental conditions to
determine the variods correction factors experirentally.
IV.RESILT pnd_DISCUSSION

The corrected I B photon distribtution,
obtained as descrlbed above, has been normallised to the
theoretical K.M.B curve at 100 keVond preserts IB phatans
por reV per bete disintezration as a2 function of photon
energy ( Fig, 1). The K.U.D coulomb corrected curve due to
Lewis ard FMrdis also showr. The present results serse with
the theory to withim 157 upto 700keV while ik the encycy
rerion 700 ko¥ to 1500 keV the syreemert is withia 207,

The results are sorewhat lower thar the Lewis and Ford
curve and agree more closely with the urcorrected K.U.B
curve above 700 keV thus memnirg perhaps that the Lewils
ard Ford correcktion 1is an oveyr estiration, A more detzailed
study 1s urder prorress and will be reported later: or,

The authors sre irdebted to Frofessor B.5. 400D for
constart encoursgerent ardexcellert fecilities for work,
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MEASUREMENT OF THE CULAR P 12
GAMMA RAYS FROM EHCe AND %ége ﬁglﬁ“rgﬁcgu
TION OF BETA-RAY ENERGY
J.C. Palathingal

University of Cincinnati, Cincimnati, Qhio{Usa)
and Madras Christian Oollege, Madras~59

ABSTRACT

The importance of determining the nuclear
natrix elemente governing beta transitions in the
study of nuclear structure has been realiged in recer
years, Varlous research groups have accordingly
searched for these by computer analysis of all avails
ble experimental data. It is found that the relation
between beta-ray energy and the circular polarization
of the cascade gamma rays is generally tl;e most oen-
sitive parameter to be used in such computer analysis

We have measured the above parameter in 1"""t:e

and lssne. We used a back-scattering type Compton
polarimeter for measuring circular polari}zat:lon. I¥
8 found that in 1410&, the circular polarigation is
a fast-varying function of beta energy. In 156“'.
‘the variation is considerably slower. The results ar
compared with the predictione of Manthuruthil and
Poirier®. The agreement lends support to the values
of nuclear matrix elemente obtained by them through

computer analysis of available expariméntal data.

# J.C. Mantburuthil and C.F, Poirier, to be pudblish






NUCLEAR MATRIX ELEMENTS OF 12231) - BETA DECAY*

J.C, Palathingal
Physics Departwent,University of Oincinnati,Cinoinnati,Ohic

I. INTRODUCTION

Ay 292" first-forbidden beta transition is
characterized by two major matrix elements of tensor rank
zero {ecalars), which are symbolized am S&.—I{/f andjlv ,
three of tensor rank one (vectors), 571./[; N 5&': K/P and
_(ci. and one of tensor rank two, SBLj/P . Employing the
generalized theoretical expressiohs for the various
experimental parameters related to such a beta transition
taking into account the finite nuclear charge distribution,
Manthuruthil and Poirier“) sought for possible solutions
for the six matrix elements through a computer analysis,
resulting in two sets of matrix elements as poseibdle
solutions, It was shown that a cholce between the two sets
could be made through a measurement of the correlation

Jbetween beta-ray energy and gamma-ray circular polarizationy

II. EXPERIMERTAL DETAILS

The circular polarization of the gemma rays of

1225!: may be written as y

A(P) A{(¥) P((Cond) + Ag(p) A5(¥) P5(CooB)

Y
1+ a0p) 4,(1) P,(Cos8)

The dependence of 0.', the polarization on beta-ray energy

+ Supported by the U.S. Natlonal Science F
# Presently at Madras Christian College,
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was investigated in the present experiment, for 'c'c'>?5=-o.79;
The sources were of thickness about 10"4g/cm2, sandwiched
between two films of mylar of thickness 6.4 x 10'4cm. The
coincidence-time resolution (2%) was about 5 nanoseconds
for the entire experiment, and the proportion of randome-
coincidence count rate to total-coincidence count rate
waried between 3% and 28%. Through a combination of mag-
netic shielding and microvariation of the photomultiplier
voltage in phase with magnetic field reversal of the
polarimeter(z), the gain shift in the phototube uutput due
to the reversal of magnetization was genérally kept within
1074, , '

III. RESULTS AND DISCUSSION

In'Fig. 1, the values of 0% obtained presently
for three beta-energy intervals are shown, along with
values computed from the two alternate sets of nuclear
matrix elements. The present data clearly shows a 6;'
behaviour of increasing with energy, agreeing with Set I,
Further evidence in support of Set I as the correct cho}ce
is provided by the small values of 6} obtained in the .
present and earlier(3) experiments for integral beta :
gpectrum including low energy-beta rays. For integral
spectra given by W (kinetic energy + rest energy, in units
of rest energy)® 1.20, 1.49 and 1.68,- the present experi-
ment yielded (P, - values +0.006(020), +0.030(014) and
+0.028(028) respectively, and the measurement by Deutsch
and Tipnik(3) for W »1.49 gave +0.023(023). The following

walues of the matrix elements are thus obtained.



-
f&Rp S, =/p NEakp i faylp
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Fig.l

In the shell-model picutre, the 1.40 MeV-beta decay of
1225\) iswharacterized by the transition of a neutron in a
h11/2 state to a proton in a 81/2 state, Therefore the
fact that the 31..7./?—matrix element is dominating suggests
that there should be a large degree of shell mixing in
12251:. Kipslinger and Wu("). using a special potential,
have shown that 53&]’? may be reduced greatly from unity
due to cancellation effects. It 18 interesting to note
that the value in the present case 1# nearly equal to tke
matrix element of the unique 2 - 0* transition of 1225‘: t=
the ground state of '2%Te, estimated 5 be 0.245, It
should also be noted tbat the correrpoziing ratrix elems=

of the 37 2% transition of '%£y 1n which lee” =
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from a hy, /2 shell is transformed into a proton in a 87/2
shell has a value 2-3 x 10’2, much smaller than the value
1.5 to be expected from shell-model considerations, and the

value 0,34 predicted by Kisslinger and Wu.

Since the vVector-matrix elements, SL: md jk’/p are '
relatively small in this beta transition, it is not
possible to make this ratio a test case of the CVC theory.
On the other hand, the ratio of fixs andj&'.’ft/f has been
determined to be 0.17550'0%2. This 1s in agreement with
the value 0,208 estimated from the formula of Ahrens and
.Feenberg(S) based on the shell model of the nucleus, and
;general physical a.rgumentsl regarding the Coulomb and

-nucleaf contributions to the semiempirical mass formula

fof nuclel,
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DISCUSSION

2.6, Baneens I am aware that the theoretical analysis
was not part of your investivation., Neverthelesg X

wonder whether you would like to comment An the
possible role of systematic experimental error might
rlay in these elaborste X/" fite ato?

J.C. Palathingals The experiments soupd quite good.
A reliable check is obtained from the faect that the
value i8 smallinspite of the fact that various experi-

nents and different experimental groups are involved,






ANGULAR DEPENDENCE OF PAIR ANNIHILATION RADIATION
M.Biswas*, 8.C.Roy and A.M.Choge
NUCLEAR PRYSICS LABORATORY, BOSE INSTITUTE, CALCUTTA-9¢

I. JIMIRODUCTION.

Caleulations based on the quantum thoory of ra-
diationl fndicates that annihilated pairs should in
general have an angular dependence with the direction
of the incident photon. To the best knowledge of the
authors no theoretical or experimental data exists 1n.
the literature near the threshold of the pair produc-
tion phenomena. In the exparimentsa's which have been
performed in the past isotropie dlstridbution of anni-
hilation pairs with respect to the inecident photon
have been assumed for the caleulation of the cross-
sections. An attempt has been made in our laboratory
to check whether the annihilated pairs have an angular
variation with respect to the incident photon
and thus to check the validity of the previous investi-

gations.
0
IXs METXOD.

In the conventional pair production cross-section
measuring system the difficulty arises in separating
the Compton continuum from the photopsak due to anni-
hilated radiation. In the present experiment the

* Guest worker from New Alipore College cut .
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Compton continuum was eliminated very effieciently
employing a special method of photopeak sharpening in
scintillation Spectrometers697: In this method the
detector employed is a single erystal two photomulti-
plier combination and the spectrum 18 scanned from one
photomultiplier coincidence gated by other. Proper
gating eliminates the Compton continuum from the photo-
peak to a large extent. The scatterers used were cylim
drical in shape to adopt the eylindrically symmetrical
d&sposition of the experimental set up.

ITY. EXPERIMENT.

A 100 mCi Cgo source 1s placed within a massive
lead block, the radiation from the former 1s extracted
using a tapering rectangular slit. The scatterer 1s
placed directly in line with the source at the centre
of an iron table. The iron table is graduated to )
facilitate the placing of the detector at any desired
angle. The detector is surrounded with lead bricks to
reduce the unwanted background. The detector was first
callibrated with a standard Nazz source and the proper
gate was set so that the photopeak of 0.511 MeV was
completely separated. Figure 1 shows the single
spectrum of NaZ2 without coincidence and the properly
gated coincidence spectfum eliminating the compton
continuum to a large extent. The scatterer was then
placed in proper position removing the Nazz source

and the coincldencd spectrum for annihilated pairs was



abtained directly from a 128~channsl analyser.
IV. RESUDLTS & CONCLUSION.

The photopeaks obtalned experimentally due to
annihilated pairs from lead scatterer obtained at three
different angles are shown in fipure 2. It is clear
from the figure that the intensity annihilated radiation
has a deereasing trend towards lower angles. The
axperirent was repeated with scatterers of different
thickness and placing the detector diametriecally
opposita to each of the angle obtaining tho same decrove
asing trend., From this we conclude that pair annihila-
ted.radiation has an angular dependence with respect
to the.incident photon and the re-evaluation of pair
production cross-gection is essential at this energy

region.

Abgolute palr production cross-section using the

mathod 1s in progress.
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EESel™ o p.NTrehan
Dopartoart. of Plysics, Panjab Univarsity, Chmdigarh-ly

prizeiolory il

In the negaten dacay of mx to B"h, the sxistamwe of
gama rays of smergy 272, 18, 325, 358, A ant 6A3 XeV ard a
lavl at 405 keV are controversial, Furthormore the varlous
reported valuas of uk(so ko¥) am In poor agreemsnt, Inviaw of
thess controversiesa, the dacay of 131: hay been invostigated with
the help of Nal {10) crystals (Pair of 373" amt ems L-1/2% x 1/4¢
alz0a) in slow-fast colneldencs, (T = 50 nsec) mdified sum

dnedd and peak colncidonce modase The results of thess
irreatigations are [resantad in this papor,

REJULT AD DISCUSSION

4 1ovel schiono of ks tased on the prosent sork and pravious
investigations is given in £ig, 1.

The mim~colnciderce apactrun with the sum-gats set at 640 koY
supports ths existence of 318-325 ke¥ csscade, Al on the tamis of
the mame spectrum ons concludes that eithsr om or both of 272-36%
and 358-284 keV cascales my be pmseut.

Tis pu-coltcldencze spectrum with the sum gate ast ab 723 ket
shovn in fig. 2, supports the existence of 318-405, 64380 and
358364 cascades,

-

# Work supparted Wy the Departzent of Atomie Enorgy, Governmsnt of
Trdia ard the Natism) Bureauw of Stanlards, Washingtonm, DC,

##  Dopartoent of Adpplisd Sclemes, Pajib Engirsering Collegs,
Chandigarh.
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Pigure 3 (curvo a) chows the high ororgy portions of the
gdder ppectrum in almost /ATgoomstry. The thres gum-peak
coincidonce spoctre with the integrael biasen uet' at 0,120 amd
250 Ir¢¥ arc shown in Fig, 3 (curvos b, c, amd d respestivoly),
Proxn ths atbtenuaticn of the peak at 723 koV for the various -
intogral biagss, ono concludeg that in addition to the 643-80 keV
cascedo, the levol at 723 koV deexcitos itgelf ei'c.hef by o2 or
both of 318-L05 amd 358-36L koV casczleg. Thus on ths basis of
both the sum-coincidence and sum-peak coincidence gpectrum studies,
the ex:h;tomo:’) of the wosk gamma fransition of ensrgy 318, 325,
358, 105 and 643 keV and a veakly populated level at 405 keV is
confirmed, It has mot howover, beon possible to show the existence
of 272 koV gamma r&VB) o

Ths K-shell convorsion of the 80 koV transition has been
masured by setting gate at 28 keV, For this study, 284 keV gamna
ray was detected by 3"x3" Nal (TL) crystal and 80 keV gemna ray ves
detected by 13" x 17 NaT (T1) crystal, After applying usual
corrections, we get & = 1,31,0,18. This value of ta ! when

compared vith the thooreticdl values obtained from the tables of
Hager et a13) confirms M 1 character for this transition,

The 28480 ko¥ angular correlatim was measured by putting
the gates to cover 284 anmd 80 koV photopeaks. The correlation
coeff sients after applying correcticns on account of finite size

of detectors are:
A, = 0.0 + 0,012 4 = =0.002 +0.015

From ths camparison between the experimentalz? amd
theoretical values®) for ¥/L, L1/12 apd 11/L3 for 284 keV transitior
pure E2 character can be assigned to 284 ke¥ gamma ray. Assuning the
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pioparity’) ot the groust state to be 372" and that of 34 keF
lovel to to 5/2° and the above mantianed characters of tin
transitims inwived, the exporizetdl valuas of 12 amt A,. agroe
only vith 5/2° (%2) /2 () 3/2 epin-parity saquwnce for the
28),~80 ka¥ casexie.

BETERBNGES:

1. P.C.Mangel, 3.P.5ud and P.N.Treban, Imd, J.Pure Apple
Phya. 12 (1967) 596,

2. G.Grasffe amd W.B.Naltsrs, Phys. Rev. Vol. 153 (1967) 132,
3. ROJHager and BCSeltser, Nuclsar Data, 44 (1968) 85,



Figure 3 (ewrve 2) chows tho high erorgy portions of the
sider gpectrum in almost 4 Tgoomotry. The three pu-posk
ceincidoree poctra Ath Ltho antegral blagep not. at 0,120 amd
250 el aro chown in Fig. 3 (curvops b, ¢, amd d rerpeativoly),
Frea the atlenuatlien of tho paak at 723 koV for the various -
intogral bingss, ono concludos that in addition to tho 64,3-80 keV
casctdo, tho lovol at 723 koV dooxcitos itzolf oither by om or
both of 3L8-405 ard 358-364 ko7 cascalog. Thus on ths basis of
both the pun-coincidonce 8nd sumn-psakt coinczidonss spectirum sludies,
tha exis toxcoS) of the wopk gama Lransition of omrgy 318, 325,
358, 405 anmd 643 keV and a woakly populated lsvel at 405 keV ig
confirmod, It hay mot howver, besn possible to show the exigtence
of 272 keV gamma x‘w3) .

Ths K-chelld. convorsion of the 80 koV transition has been
masured by gobting gnte at 28), keV. For this study, 284 keV gamma
ray was dotocted by 3"x3" Nal (T1) crystal and 80 keV gamnd ray vas
detected by 11" x 4% Nal (T1) crystal, After splying usual

mmctiom’ [¥T¢) got al" [ ] 15314’0018. This value of ‘ak' 1‘&1&1

compared with the thooreticdl values obtained from tho tables of
Hager ot u13 ) confirms M 1 character for this transition,

The 28,80 koV angular corrolatim was moasured by putting
the gates to cover 28l and 80 koV photopeaks. The correlation
cooff cients after applying corrections on account of finite sizo

of detectors are:
Az - OOOJJ-—+ 0.012 AIG * "0.002 :0.0]5

From the camparison between the experimantala? and
theorotical values>) for ¥/L, I1/I2 ad L1/L3 for 28 keV transition
pure E2 character can be assignsd to 28l ke¥ gamna ray. Assunirg the
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iz viear oF 8% 10 1evers o LGy *
KKosurs™ snd ?, N, Trehan
Dapertmont ofi Physics, Panjab Un.lum!.ty, Chandigarh.d4,

by UCTION

In the bota docar of “%Orp to 6%y a 1ever st 2535 Xev
has been recently proposed ty Indirgton et al 1). The existence of
8 lsvel ab 1287 i controveralal. Further the assignment of spins to
the lavels at 1049 and 1359 KeV i slsc somowhat deubtful,

In vlew of the abova the lsvel schems of moby has beon
investigated with the help of a pair of &'x2° Nal (T1) crystals in
slow-fast colncidence (T'= 50 nsec) and in mpdified sum coincidence
modss 2, The remlts of thess imestigations are taing presented dn
this paper,

RESULT3 AND_DISCUSSION

A level schemw of mDy btased on present work and previcues
Anvestigations is given in fig, 1,

Gammt - ganma colncidence spoctrum, wWith gate set at 197 Kef,
after substraction of the interference of ZL6 and 299 KeV gamma
brarattlons.La the gatlng chanmgd showy op preks dus bo 067 end
1250 KaV gama rays in addition to the other well-known colncidert
gamna Tays. The exdstenco of 1003-197 and 1250 -197 KoV cascedss
epport thy existance of lavoly ab 1287 amd 1535 KeV respoctively.

% Work supported by the Departmnt of Atomic Energy, Governmsnt of
Irdia and National Birean of Standards, WashirgtonD,C,

#xDepartment of Applisd Sciences, Fanfab Englosering College,
Chandigath,
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DECAY 0F 0714

She Insistute of mires” gn?iigs,séﬁgﬁtu-s.

T. INIRODUCTION
The study of the level schemo of J'O'ch was done

by Basu and Patro 1} in 1963 in our laboratory. BSitice then
no new Information has appeared in the literature. The
level scheme proposed by them was on the basis of gamma~
ray singles measurement with Nal and sum coincidence with
Nl x Nal scintillation spectrometers, So 1t was proposed
to study the nucleus mgain with the Ge(lLi) detector, The
107{:& lines were identified from the characteristic decay
1 1071::. Many mora lines have been observed than reported

earlier,

1Y, EXPERIMENTAL

Enrichsd sample of 10644 (77.94%) was bombarded
for one fetine of *7In (32 min.) with the internal
proton beam of energy 3,8 Nev, Sample was pressed into a
golad-backed target and bombarded with a proton beam of
current ~ 50 {LA 32 min. w?.'tn activity was produced
through (p,Y ) reaction, The gamma-rays vere detected
with the Ge(li) detector of about 3 KeV resolution. The
datector 12 an asgsembly from DRTEC having 5 en® surface
and § wm depletion thickness followed by a TENNELEC FET
preamplifier and an ORTEC amplifier. The spectrum wasg
taken in two sections with 4096 LABEN anal, v
section spectrum was recorded upto 3 Mev

channels.
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III, RESULIS
The lines which showed the lifetime of 107In wére
taken as the lines belonging to 1°7ca. the 1974 nuclet

produced further decayed to 107Ag witﬁ Y lifetihe of

107pg lines besides 93,1
KeV line as expected, 99,65% of 107Cd aecays to 93,1 KeV

level of 107

6.5 hrs, We observed no more

Ag. Other lines belonging to 1O7Ag are weak
enough and we have not observed them. ‘ lllln (2,81 4)
is also produced through (p,Y ) and (p, n) reactions from

the 110cq ang 111

Cd impurities present in the sample, We .
have used the two well known 111In lines advantageously
to calibrate the spectrum,

In the low energy region we have observed a few
lines which come from impurities, The lines were identi-
fied as from iron and zinc. Zinc is suspected to be an
“impurity in the gold backing of the target.

The strongest line observed in 10706 spectrum
(Fig.l) is of energy 204.4 KeV, The next strong line is
of energy 321.1 KeV. The highest energy line observed in
the spectrum is of energy 2871 KeV, We have observed
several new gamma rays which are not reported earlier.
The error in energy measurement in our case is within one
KeV in the energy region upto 500 KeV, In the high energy
region the error in energy measurement is larger because
of non-linearity.

Relative intensities of the gamma~rays have been
measured with respect to the strongest line 204.4 KeV.

The table~I gives the energies and intensities of the
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lines assigned to m”(,'d.

These resulta are preliminary and the work is still
in progress.

Thanks are due to Prof, A, P. Patro and Prof. B,
Basu for many helpful discussions.

REFERENCES
1, B, Basu and A. P. Patro, Muel. Phys. 48, §9 (1963),

Table 1
Energies and relative intensities of gamma lines in 1°7Cd
Energy Relative Energy Relative
{KeY Intensity Kev Intensity
204.4 100 (1044) 1.81
32,1 19,36 1061 1.26
(365.2) 6.50 1270 13,15
£53.9 1.74 {1346) 3.36
599.4 1.07 1378 3.43
604.5 3.60 (1411) 3.78
(612,0) 1.46 1643 8,28
728,7 6,28 1778 2,83
762,6 2.13 1922 3.45
€09,8 7.11 (1£;82) (6.38)
(902,6) 1,73 (2004) (6.29)
16,3 2.70 (2063) (3.,41)
(922,.8) 3.31 2302 2,73
(1000) 2.87 2871 1,85
1038 0.98
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CRARKILING OF PROTORS IX A SINGLE QRYSYAL OF SILICON

E.G. Prassd, R. P, Sharm snd J.K Srivastars
Tats of Tund 1 B b, Bosbay-S

Whan anergetic charged particles are incident on 8 single
erystal vithis a critiesd angls, '), vith respect to & orystal axie
or & glens, they got channelled. In guch & case theae particlea are
not able to approach the oryatal atoms nearer than the Thonas Feral
soreening distance "s¥, Thua the yield of those phenomenca requiring
alosar epcounter with the atoms such az the wide angle Rubhsrford
acattering, produsticn of inner shell x~rays and nuclear reaations,

ato i Bance the ot tion of such g 12 & xoosie

tive mathod of stulyring channelling phesomenon.

umbnzdn) has shown on the basie of continuus approxima-
tion that for the particles of gharge 3,0 and energy £, the oritical
angle 1x ghvea by > " E’_é’%’f" pmfidld'wcg% where Zge ia
the charge of the target nucleus and d the lattice apacing in the
direction of the row. The minimm yleld 18 shown to b8 “Yepmen
=TF <o+ PrONL 5 §504 § botng the mean square awplitwle of
lattice vibrations and the stomic density in the crystel, respective-
Y.

The experimental srrangsment for cbaerving the channelliing
phonowenon consistsof & double sxis Goniometer capable of tiliing
as well as rotating with respect to the iacidept beas. It 4s essen-
4ial to vary the orystal orientation in extremsly fine sisps. For
this purpose redustion gear arrangoment® were provided for the move~
ments about the $wo axs. In this arrengezent it wes possitie to
cbange the anples iz steps of (L13°, In the present experimsnt a
wsll polished 84 single orystal with <111 axis perpendtenler to
the plane of the erystal ves bosbarded with well callizated 243 NeV



protons {rox thn Yan de Gruaff eccolorator ot Trosbzy, 7hs back
geatiered protons wero detected in o 8 surfece barrier detector, Cely
these particlen of onargy cerrespending to tha scattaring froz just
balcw ths esurfecs of ths terget wera eounted. Fig'.u;e 1 shovs some of
tbe major dips otialzmed vith 2 MV protons. '
Ouar results (Table 1) seex to agree wvell vith those of otbers
{2

reported eztlier ).

Table 1
Pesults for & = 3.0 7
Present worx Clhars (2) Preseat work Otbers (2)
{100} 0.48 £ 0,05  0.42:0.03 0.072° 0.070°
{110} 0.35 £ 0.05  0.2123.03  0.056° 0.037
{111} 0.4z + 0.05 0.2552.03  0.052° 0.092°

Ths cbeanelling effect bas been used as powerful todl, botk-
ie polic stete and nuclear physlica &s indicsted balow:
{e) Sclid state Physies
1. Precise orfentaticn of single crystals.
2. Locﬁting foreign atc=s in tke crystals introduced by thermal
diffusion or izplantatien.
3, Stuly of surface conte~inztiocn ani dislocation.
4, Crystel defects and radiaticn dazsge.
(b) Sauclear Physics
1. Lifetizes of the fimsion evembs' ).
2. Kuclezar reecbicn ti:es(s).
Tkese tizes are in the raage 10°14.10718 seconds.
3. Producticnolgb:ighb' polariced deutrons bears (),
(e) Other applications

1. Chamnelling effects in the light exission froz Fe ion bexss
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axeited by a pold aingle oryatal (besa foil -yautmoom").

2. Stuly of channelling of electron and positzon by cheerving
brezasstrablung wultion(a).

3. Hosstte zotion In pegative particle ohennelitng(),
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'(”3 1)>mu, %, Deshariog and J,L. Whitton; Piy. Rev,, 183, 348
947

arious papers in Pros, of Chalk River Conference, Can. J, Phym.
1_. Ro.6 (1968},

WM, Gibson axd X0, Hielwen; Fhys. Rav. Lett. 24, $14 {1870).
K. Maruyaza et al.,Micl, Fiys., A4S, 381 (1970).

M. Keminaky; Phys. Rave Lett., 23, 619 (19%0).

T. Andersen ot al., frys. Iett., 324, 121 (1970},

B.L. Valker st al., Phys. Bave Lett. 25, 5 (1970).

H.7. Kreiner ot al., Phym. Lett,, 334, 135 (1970).



t - 9\d

JIONV  IWHLNWIZY

Gel £cl . 19 <9 €9 9 4 2 )
1 L { L) [) ) T T T T T
. rmnoz=43 % "
91 aw@« 861 anr ° 2vl nwb_a -
ce® 0.00 © 000 . °

~ © 0 < 0
(QQI X) QI3IA Q343LLVOS MOvH

o0



EXPERIMENTAL METHODS AND TECHNIQUES
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A PRE.INJECTION o/ ANALYSER SYSTEM FOR U8E
WITE VAX TE GHAAFFT IOF SOURCES

8.8, Visra and K,R. Dearkmnath

Fnabha Atomic Resesrch Centre, Bombay ~ 85.
X. IRTRODUCTION

Ascelerntion of multiply charged fons (pertioulsrly He™*)
enhancas the energy range of Van de Ors{f Accelerators, 8incs R.F,
don source put out ondy 1% of total fon yield an Bu'H. poat acceler
action meparation by amslysing magnet requires large hellum beams to
be aocelerated. This csuses sovere loading of the ecoelerating tube.
Instead, we first separate the Ha“ from ths Be' by smploying exossed
electrio and ragnetic fields and eslsotively inject only the pett
into the sccelerating tubve,

1%, DESCRIFTION

The btasic denign of the aystem closely follows the dasign of
Tayler and Wen’). The Ba** extraction test bench is built arcund
« OBTEC model 320 lon source. Prefocusaing of the divergent beenm fa
best achioved by an Einrel lena which produces focussing without
accelerating the fone snd this immensely incresses the veeolving power
of the analyser., 4 schemaiic of the met up is shown in Fig.t. The
croseed fleld analyser consists of elsciric and megnetic flelds pere
pendicular to each other end to the direction of the fons, A fixed
magnetic £101d of 500 gauss is produced acroes & pole gap of 3.5 eo
by & bark of 24 ceramic permenent megnat wafors and the contimiously
wnriable elactrio fisld ia produced by applging 0-1600 volie across
& pair of parallel plate electrodes kept 2,5 om apart, A 3 m
eoceptance aperture kept below the analyser, allows un

sted beam to enter tha accelerating tude.
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111 EXFERDERD

Aftsr each reconditioning, the fon source is replaced on the
test bench and purped for at least 24 hours. This fe followved by
# pericd of baking the fon source with helium gas ta remove hydrogen
vocluded in the walls of the source bottle., Having thue prepered the
Sop semres for putting cut & good yledd of the Bt lons, the sonrcs
sagnet. the gas leak, the extractor, focus and deflecior voltages
are sdjusted to maximiee the He' ion yield. The deflector voltage
1a then turned down to xerc and is grsdually incregsed in szalld
suitably chomen steps (~50 volts)., The fon current {s recorded for
eech deflector vollige eetting and a graph ia plotled of the fon
current againat the defleator voltage. Flg, 2 shows such & greaph

wA. feeding the fon source.

for three different gusven, “Ho, SHe end
The graphs show Beveral peaks, the moei prominent being due to singly
fonised ions,

IV, RESULES AND ANALYSISH

Tentatively, the different pecks in Fig. 2 are identifled with
differont ions and the deflector voltages (V4) st which the penks
appear are determined. A graph nrfz—/il ve V& should be a atraight
ffne ea the condfifon for iransafasion for the deas fg

/% - (5 o)

¥here Ze ia the charge of the fon, M is the mga of the lon in
units of the proton mss Mp, D is the spscing Yotwoen electrodes, B
the megnetic fleld and V ia the extiraction volinge. The quantitles
{n parenthesis ere conetant for a given extraction voltegs. Fig. 2
also ehows a graph of f;/; Ve V4, The experizental po

¥
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nicely on a ptraight line cafirming the earlier wassgnment for $hs

various peaks.

However, 2/ doas not uniqualy define the miurs of the fon,
The pesk corresponding to ZA = # way be dus 4o both “fs*t ang
(2%, 2ut the {7 BY contritutson mwt be very smil since tha
71022 of B 1n 1teelf vary amll, In the cams of ‘ms™, 2. /5
It 1e inconveivable that any other fon my be producing thie pesk
Bance, it seens reasorable to oonclude ihat the He't Yield from the

teat banch ssoemdly {e about 1-2/03.
[REFERENCE

1. IoJs Taylor eand J.L. Wail, Nuel 1
e vy + Fuclear Instrumsnts and Yethodn

DISCUSSION

P.K. Ghoshs TWhat is the ion source pressure at which
you observe 99% He' and 1% He*??

S.N. Misra:s Gas pressure feed 1 x 1074 1 of Hg. inside

the fon source bottle 1 x 10> g of Hg end system's

vacuun in Einzel lensuwas e dhe 7egum 1 EX\GEmmo) By

§.0. Karmohapatros Since there will be no focussing
of the analysed beam what will be the width of the
beem and what will be the transmission?

SN, Mieras There ie no facussing in the test benoh
system after analysis, But onoe it is fitted in the

accelerators, the accelerators mingle gap focussing
lens works for it. At present focussed spot of 3 mm.
has been obtained at acceptance aperture el

iyself,
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EFFECT OF ABSORBER THICKNESS ON NARROW-BEAN-UOLLIMATED
GEOMETRY CORDITION
8. Gopal, H. Janjeevaish and B, $enjesvaish

Depertment of Physies, Univeralty of Mysore, Manasagangotrd.
Mysore-6

Y. INTRODUCTION
A nunmbver of measurements on photon attenuntion

coefficienta have been nede from time to time using
narrow~beam-~collimated geometry. In all these experinents
1t ia tzeitly assumed that the multiple scattered photons
from the abeorber do not resch the detector and hence the
good peometry vondition {s preserved. But it may be
expected that the number of multiple secsttered photons
reaching the detector would incresse as the sbsorber
thickness increasea.  This aspect has been overlooked in
the measurements of attenuation cae[ﬂcienta(‘"g).
Therefore it 1s felt necessary to investigate the effeot
of sboorber thicknems on the narrow-beam~collimated

reometry condition.

IT. FXPFRIMENTAL
The narrow-besm-collimsted geomeiry eet-up similar

to that of Daviason and Erans(” 1e uged in thie experimenty
but the diameters of the olits are halved and the distance
between the mource end the detector is doubled., These
alterations were made to reduce the solid angle subtended
by the detector at the absorber. The advanteges in
reducing the solid angle are:

{1) the compton mcattered photons reaching the detector
00,

(11} the coherently seattered photons reaching t det ¢

«an be neglecte
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nonuniformity in the thicknesa of the shaorbters were
oalouleted using the relation given by Oarter et al (9).
This correction was found to be less than 0.05%.

IIT. RESULTS
The photopesks observed for different absorber

thlckneases are displeyed in figure 1.  The percentege
resolutions oRleulated from the photopesks and the
correaponding linear attenuation ooefficients are

tabulated in Table I.

Tavlie I
Thickness t
m,mz % Resolution cmz/gm M %
0 A 10.5 - -
3.6979 B 10.5 0.107340.0007  0.3967
8,3336 C 11.4 0.107940.0008B  0.8992
11.9989 » 11.6 0.108940.0008  1.3067
15.5476 £ 11.8 0.109740.0012  1.7055

The rosults clearly show that for t « 3.7 gn/en®, the
attenuation coefficient and percentage resolution of the
detecting syatem remain fairly constant. Therefore it may
be geen that the narcrow-beam-collimated geometry condition
is preserved ond the number of multiple scattered photons
reaching the detector is negligible for values of M 1<0.5,
~here ¢ ig the attenuation coefficient in the materiasl for
the incident photons.
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A LIQUYD ARGON XOVIZATION CHAMBER AS A COUNTER FOR x-PARTICLES,

B.Y. Deshponde, 8.X. Pardhzsaradh! and R, Raeonns
Technieal Fhyaica Diviafon, Dhobha Atorde Revearch Centrs, Bowboy-GG.

X. INTRODUCTIDN

Liquid argoe os & connting wrdium in an ®-particie fonixation
chanber has been deseribed by several suthorss The method ef nuclesr
pulee technique has alao been used to get informtion abeut the
phynical properties of the liquid. I hos been reported by Nalkin
and BBuItz(‘) that for pure 1iquid argen electron drift velocity
incresses o8 & squarf-roat of electric field, vheress wlllhu(z),
Evanss) end Pruett and Brold:“) report eaturation of drift velocity
st high fields,

In the present investigation we report the dependence of pulse
fefgbt, energy resolution,and charge collection efficiency on
paraceters like electric fleld, Arfon gas pressurs, volume of the
counter, and solecular irpurities in the lquid, Results aye

discussed in terss of the recochination mechenism,

3. EXPERIMENTAL

In our experiments we havs used & three parallel-plsts
structure dipped in liquid argon. h“‘o( ~gources of 0.5 pC strength
esch are electro-deposited on the outer plates, The central plate
sets aa the collecting electrodes In this configuration ege of the
counters fe kept as a reference when parsmeters for the othar are
ehanged, Lignid srgon is produced in a ocopper cup sttnched to & cold
finger dippsd in liquid nitregens Prior to liquefaction argon gs ia

purified by repeatedly paseing it over copper and magnesium traps



heated te B0OTC,

The ecunter is comnected to o log-noise charge-senaitive
sre-onplifier, roin auwplifier, omi a 512~-pulse height enalyser,

Mensurerients cre taken fov electronic cherge collection,

13T, ROSULTS AMD DISCUSSION

% -particle spectin, pulsc heights, and enorgy resolutions as
funetions of cleeirie field, inter-electrode spnsing for the
experireninl counter, and the superincunbeni nrgon gas pressure are
chovn in Fige. 1~3. Fulse height mespurements are reproducible within
4 & channcl; tetal counte nnder tho peak nlso tally with the sirength
of the pourge, Introducticon ef ozypen, mitrogen, or forming gas
(10¢ hydrogen iz nilropen) suppreascd the pilses completely;

purification of this impure geo restored the spectra fully.

Tre= the experiment~l date 3t is goen that for a given
separstion cnd par presrcure, pvise height incrcases with electric
ficld vithout shening gaturation even at kigh fields of the order
100 k¥/cm. This sey wmenn that more and more charge is coming from the
colummar region., Dut 3% is clse found that for the pame electric field
E pulse heightic are different for differcnt peparations and presgurcse
At higher pregeures puloe heights ore always found io be higher
indicating thnt columnsr recomdinotion alone does not govern the
response of the counter, Deperdence of pulse height on separction W
clearly indicater the presence of trapping and recombination of: the
charge. However, under pure recorbination law pulse heights must
increase as ¥ io reduced. To the contrary, it ic observed that thero
ic on optitunm separation for which mexirmm pulse height ie obtainede

Thig voluce effect seems tn be an additional fector which determines'



a

the reapenss of ths counter, 'aulhan(z) in his reasvrements also

meticed such an effect which, hovever, be nttributed to systemntic

arrors,

¥e propose to attribite the voluze effeci to seme mori of shori
rar-e internal electrie ficld whieh enveniially sereers the external
ficld, Shis caures veduction tn the pulae heipght. The concept of
{nternol field da further aupported by the foct that with fncressing
preseare the pulse heiphts are found to fncrease, This mesns under
high pressure the effect of {nternal fleld {a reduced. In casence,
wa nay sey that pulee heights are governed by three foctorsy colurmar
recosbioation, trappicy and recoxbination of charge durisg transit,

avd by the iuternal field,

Internal field as postulated here could erise due to potenttal
welln {n the liquid, polavizaticn effects of the liguid medfum,
positive fon apace charge, wpace chsrge dun to tropped carriers, or
due to the premence of fonived fmpurities in the liquid, An estinate
of the ragnitude of the internal field from the recombination law

gives sone clue to ite exaet origin..

¥hen wulee helghts are goversed only by ihe free eorrler
recomhiontion siatiatics, charpe collection efficiency jis given
by the familiar Hechtorelationshipry = (W) /1 - exp (-¥A) 7.
Hery A, the drift leppth, in the dstance the charge traveraes in
electriz field E during {ts lifetime T, 12 \A is the drift velocity,
ndy. is the wohility, then A= vd'!'.' = pET. From the pulse height ratie
tor Wal.4 omi £nd 0.6 =z 2t a given fleld,we findd. This e repeated
for different fields. Then using thess values of A, the effccilve )

at the corresponding fields for the ¥ « 0.2 om data are evaluated,
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Resultn of these calculations are shown in Fig. 4.

From these results it is mcen that the drift length saturates
at high electric fields for small as well as large scparations,
Seturation can arise due to saturation of Arift velocity or due to
trapping., If we now assume that the drift velocity saturates, as it
capnot increaase indefinitely and as is also reported by other
investigators, we mny conclude that the charge transport is governed
by the internal electric field of the kind peculiar te liquid state,
Its magnitude is ouch that it reduces the drift velocity to sbout

one third of its value,
IV, REFERENCES
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DISCUSSLON

M.R. Bhiday: Have you looked at the pulse shape?

R.Y. Deshpande: Yes, but not very much in details.

The rise-time 1is about a /*sec.and geems to be inde-

rendent of electric field for high fields.

M.G. Betigeris 1) Does the resolution also show dn

optimum behaviour as a function of W. 2) How do you-

estimate‘?’ .

R.Y. Deshpande: There is no optimum in resolution with

respect to the separation W. 2) We have not estimated

T .
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USE OF LIQUID CHYSTALS AS MEDIA FOR CUBTINUQUSLY
BENSITIVE CHAMBERS FUR THE REGISTRATIUN OF ELEM-
ENTAHY PARTICLES

ALigarh Musiin UnivoreLty, aaicarns B.2.

Liquid crystals are groups of substances which de
not gransfora into the isotrople liquid phase directly an
melting. They cen exist in a phage intermediate botween
the solid and liquid phases {(mesophase)s In the mesophase,
these substances possess fluldity but at the same time
also0 preserve certain degree of alignment of its molecules
which explain their anisotropy. According to the degree
and nature of the molecular aligoment liquid crystal are
classified ad newatic, smetic, and cholesterict¥=3) pue
to thelr extraordinary behaviour liquid crystals have
found a large nupber of applications in the messurement
of surface tenperature and its variations, in the detactfion,
control and modulaticn of electric, magnetic and optical
signals, and alse in msgnetic regonance spectroscopy as
solvents, In the present paper we suggest a use of liquid
crystal ag chamber media for the registration of elementary
particles.

Thick layers of nematfc liqutds (e.g. p~agoe
xysnisole, 4,4'~-bls{methoxy) azoxybengene) appesr turbid
due to the nonhomogenelty of the orientation of their
molecular aggregates along some praferred directicn., It
has been found thet complete orientation of the liguid
in thick layers can be schieved with relatively low
magnetle f£ield atrangths (1-2 Ki1o6auss)t4) This 18 due
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to the diamagnetic anisotropy of the volume elements snd
the free mobility of the molocules. Static and low frequ~
ency electric fields also have similar orienting effects

on nematic liquid crystals(5 6)

v“hen a nematic ssmple,
sandw%?@hed between twp transparent, conducting tin oxidew
coated—élass plates, 1s subjected to an dlectric field the
molecules (except those at the surface) reorient themselves
in a preferred direction., If such a sample is viewed along
the direction of alignment botween crossed polaratds, the
field looks dark due to the extinction of the transmitted
1ights7) In the case of p-azoxyanisole, domains have been
observed under the influence of external electric fieldsca)
The relaxation time for the fundamental particleg in the
nematic mesophase, 8s measured by varyidg the frequency of
the applied alternating field, has bedn found to be of the
order ofw10"% secf2) 4 schemetic diagram of the experi-
mental setup used by us to study the transparency of crys-
talline 1iquid samples is shown in figure 1. In our expe-
viments, we have found that the transparency of p-azoxyanisole
falls drastically with the application of electrit fields,
both D.C. and A,C., of strengths ~10% V/cm, vhereas in the
case of a mixture of cholesteryl chloride, cholesteryl
nonanoate, and oleyl cholesteryl carbonate (303, 56% and
14% by wt, respectively), which is normally milky in look,
becomes clear on the application of D.C. fields of wA10°
V/ceme Our experiment with the cholesteric mixture
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corroborates the observation recently reported by several
autbnrssg) accordirg to whom the increase in the transpare~
ncy of the mixture is due to the trensition of the semple
from the cholesteric to the nemotic state.

The defomoation enrgy involved in the above
transitions is very smell (in the cose of a nematic layer
of 4, 4'-bls(methoxy) azoxybenzene thi< enerey 1079 erg.
cm-aifs) The transition from the forced homogeneous mdlo~
cular glignment to the natural alignment of a crystalline
11quid semple with the h{mlng off of the external field
1s sponteneous. The 1n1f£tion of deorientation is favoured
at those polnts vhere the kinetic epaTzy of the moleculesis
appreciably grepter th;m the aversge value. It 1s there-
fore expected that if the withdrawal of the external field
is controlled by the incidence of an elementary particle
on the sample, tho thermal 'spikes' produced by the high
energy secoadary electrong along the path of the particle
may very well act as initisal centres of deorlentation of
molecules, analogous to the formation of bubbles in a
Bub.le L‘hambex'sw’ Tia further sprepding of the deorlenta=
tion should be spontaneous and i1ts rate dotermined by the
thermal conductivity of the medium. The deorientation

may spread over a sphere of radius wwi0™?

em( suitable for
photographing the region in polarized lipght) within few
microseconds. Such s ?track! may be made to look bright

1n g dark background by suitably orienting the polars.
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Since the above device will be confrolled by the incident

particles themselves it will remain almost continuously

sensitive bo incident. particleg.

3

Elaborate experimental investigations of

some of the aspects of the above problem are in progress.
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Fig.l, Schematic diagram of the Experimental Setup to
Study Transparency of Liquld Crystals.
A-Source; B and G - mirrors; C and F -~ lenses;
D-Diaphragin; Rl anl R2-polarizer and analyzer
respectively; E-heating stage; S-sample saniwiched
between tin oxide-coated transparrent glass slide

and cover plate; T-teflon sparer; H-photomultliplier.
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DISCUSSION

Pt nSbeyelattadla ot

8.V. SBubramanyams It i5 the cholesteric liquid crystal

Lthnt 18 sensitive to scattering properties {(and a. sample
of this was displayed by the author tvol). But why

nematic type was chosen for detection 18 not clear.

A.K. Jalaluddint In order to make a cholesteric mixture

clear one has to apply a field of the order’a£ ﬂ'105
V/em. This strength is very large compared to that
required in the caze of a nematic samplé (e.g. sub-

stituted benziledene aniline).
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HEASUREMENT OF XOW REACTION CROSS-SECTIONS WITH DIELECTRIC
TRACK DETECTORS
D.S. Srivastave
Aligarh Muslim University, Aligarh, India
and
G. Somogyi, B. Schlenk and X. Hunyadi
Institute of Nuclear Research of the Hungarian
Academy of Sciences, Debrecen, Hungary

I. INTRODUCTION

Because of very low reaction cross~gections the data
on angular distribution of «L~groups emitted in many nuclear
reactions are completely missing for low bombarding energi-
es in the literature, The obvious difficulties in such
measurements are large backgrounds and the error caused due
to changes in the beam current for different angular sett-
ings of a conventional detector during long exposures. The
discovery of dlelectric track detectors in which the track
dlameter is » very sensitive function of type and energy
of particle ovens new possibilities for such measurementé!‘z)
These detectors have the added advantages of giving perma-
nent recerd of particle tracks without fading and of being
insensitive to B-varticles, ¥ -rays. X-rays light rays etc.
In a previous paper 3 we have egtablighed the accuracy of
Plastic detectors in angular digtrilution measurements by
comparing their results with thoss measured by a semicon-
ductor detector in the case of ‘Ur{d,« )1%0 nuclear reac-
tion, In this paper we bresent exrerimental data for the
sngular distributiop and vields of o, and .sc: aroups emitt-
ed in the 27A1(d.o( )zsug nuclear reaction at Eg=650,585 and
540 eV measured by using plastic treck detectors., For this
reaction no data 1z available below By=1.2 MeV. Some typical
Problems encountered during tha present measuremsnts will
sleo be briefly described along with their solutiona.
13. EXPERIMENTAL

A collimated beam of dautarcns accelerated in the cas-
cada generator of the Institute of Nuclear Research,Debrecen,
was allowed to fall at 45° upon a very thin Al- target mount-
ed in the eentre of the vacuum irradiation chamber simil to.
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ona dencribed in Ref.l. The target was made by evaporat-
ing apectroucopically pure Al on thin coppar backings of
about 0.3 my/cm®. The target thickness wac determined by
measuring the Y-pcak shift.of the 340 kev 19F(p¢K9} rego-
nanco line as described chowhoroS4) Two bent celluloaa
acetate plestic sheety ( Cellit-T, manufactured by I.C.I.,
London) used as detectors were mounted along the curved
circular wall of the irradiation chamber, oqgkor recelving
the of{-particles at the forward angles (20°-90°) and the
other st the backward angles (90°-165°). 1In such a geomo-
(1) the emitted o ~-particles entered the
detector surface at right angles et every lab-angle.

tricel arrangemant

some prelirminary irradiations and etchings showed
thet on the irrodisted surface of the detectors, tracks
due to ‘He particles were also formed. These particles
were produced due to 4.4 'd reaction taking place on the
deuterium self-target developed on the Al target. These
tracks had very large density and due to their low cnergy
they appeared on the etched surface of the detectors after
a relatively shorter etching time. Because of their large
track denslity these tracks produced circular opal spots
marking the srea of the detector exposed at every lab-angle.
This was uged with advantage to count the desired o{~tracks
lying in this area.

As the energy of a given group of o{~particles vari-
es with lab-angle, the tracks belonging to «-particles of
same group did not appear on the etched gurface of the
detectors simltaneously and did not have equal diamete;p
at a given etching time. This difficulty was overcome by
suitably retarding the o-particles at various lab-angles
using Al foils of appropriate thickness so that they had
nearly same (ninimum) energy (within + 0.1 MeV) at all lab-
anglesg as at 165°.

Due to longlexposure time in the vacuum chamber of
the -accelerator a layer of AlN got developed on the surface
of the Al target and resulted into disturbing o-particles
from the 1°N (4, “) reaction. The e(, and &; groups from the
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27).1 (d.o()zsﬁg reaction to be studied lay energetically
betwsen the 0(1 and “2 groups £rom the 1y {3,X) reaction.
To avoid the disturbing effect of nitrogen aL,grnups the
thickness of Qatector sheets were chosen in guch a way
that their etchable part passed through the sheetz and
their trscks could not be etched. Thus bafore mounting it
ay datector the thickness of the available 100 thick
Cellit-T plastic had to be reduced to about 39 Soe This
was done in two stepsr firat by etching it into a solution
containing 30 gm Nzcrzo., + 95 ecc n1504 + 120 cc HZO, at
60°C for sbout 2.5 hours ita thickness was reduced to 45
and then the remaining 6 At were removed in the track etch~
ing solution (20 gm NaOH 4+ 16 gm KOH + 4.5 gm XMnOg + 90gm
H, 0! at 60°C. This two atep process was found hecessary to
avoid any change in track growing features of the plastic
caused by the possible diffusion of the dichromate solution.
Further, the bulk etch rate in the dichromate solution was
very large and it did not etch any background tracks pre-~
sent in the plastic which might cause error. On etching
the plastic detectors from the back side the tracks belong-
ing to, and o(l groups from the 27»1 {d,X) 25Hg nuclear
reaction appeared in succession and could ba counted.

To illustrate the planning of such measuremsnt by
plastic track detectors the real situation at the bombar-
ding enargy Ey = 650 keV will now be described. Using
suiteble Al foils we could so adjust that the energy of
w~particles at every lab-angle from the o, group of 2 Al
(a,K) 25Mq reaction would be B, = 5.9 MoV, from oy
group 1t would be Eyy = 5.4 MaV and from of, group it
would ba Eoty= 5.0 MeV within 3 0.1 MeV. Thas ranges of(s’
these particles from our calculated reange energy curves
were found to be Ry .= 36,5 fts Retyw 310 and Ry, = 27.5 1
within & 1 8. With the absorbing foll used in this case
the energy of the disturbing efy group from My (a,) rea-
action lay in the energy region 6.45-7.55 MaV at various
lab-angles corresponding to a rangs in Cellit of -
After knowing this, (38 £ 1) u thick Callit »
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ware uged for actual measurements. With tﬁie thickness the'
@nd-point of the « tracks could be reached after removing
1.5 1 thick layer of plastic from the back side of the det-
ector by etching but for track counting under optical micro-
ccope the most suiteble diameter (of~5 n) could be reached
after 4 u removed layer from the end-point of the track. As
the plasgtic:was etched from both the sides upto this stage,
the remaining thickness of the plastic at the stage of coun-
. ting of o, group was [38—2 (1.5+4)J = 27 p. On reaching
ggod countable size for «; and o, groups frem the 27 01 (a,%)
Mg nuclear reaction, the remaining thickness after etching
vrould be 16 and 9 1 respectively. Handling of such thin
plastics is practically very difficult. To avoid this @iffi-
culty the plastic was first etched from both the sides and
when the 3He tracks marked the boundary of the irradiated
area to be counted in and ﬁheg{o group had appeared on the
back surface, the counting of -the «, was performed-and then
the etching of the plastic was continued only from the back
gide of the detector to reach the ¢(1 group thus avoiding too
rmuch thinning up of the plastic detector as well as the grow-
th of the otherwise disturbing 3He tracks. The measurement
ofc(2 group could not be made as very thin plastig sheets
(12 u) were left after the counting of 0(1 group.
IIXI. RESULTS .
The absolute differential cross-sections of the o,
and o(l groups emitted in the 27Al(d.a( )25Mg nuclear react-
ion in the centre-~of-mass system at Eg = 650, 585 and 540
keV bombarding deuteron energies are shown in the figure.
The bars in the figqure represent the error of the relative
angular distribution. According to the uncertainities in
the target thickness determinations, the errors in the
absolute cross-sections are estimated to be 35% in general.
The angular distributions which are nearly isotropic have
been analyzed in terms of the Legendre Polynomials as pub-
lished elsewheref4) The curves in the figure are the least
square fits of the experimental points to the series of
Legendre Polynomials. Assuming statistical compound reac-.
tion mechanism the relative intensity ratio of the two



=537~

measured of- groups could be repmducad“) by a sinple

calculation giving the statistical weight factors for the

alpha trangitions concerned.

It is baliaeved that the mothod described can be uped
for the study of (p, X}, {8,< ), and (t,X ) nuclcar reac-
tions. At low neutron energies ths study of {n.X Jnuclear
reactions {2z also feanible. At high neutron ensrgies,
however, the {~tracks from tha lé(n.n'lh(reactlon due to the
carbon content of the plastics causs dleturbing background.
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DISCUSSION

M.R. Bhiday: 1) Have you made an estimate of energy

resolution? 2) What is the exact method of this esti~

mation?

D.S. Srivastava: 1) Yes, it is 150 keV at 3 MeV. I

i8 also different for different plastlcs and Varies
with etching conditions viz., cellulose nitrate gives
least resolution, cellulose acetate more and polycarbo-
nates most. For a given plastic the resolution increa-
ses with etching time. 2) It is based on our experil-

mental experience. It can also be seen from our

measurement of D(H) curves to be published in "Interm

Journal of Radiation and Isotope”.
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"™MEASUREMENT OF HMAGHETIC FIELD INDEX *n' OF THE 5 Msv
BETATRON DY AN A, C. POTENTIOMETER"

M.R. Bhiday and ¥. N. Bhoraskar
Department of Fhysics, Univeraity of Poona, Pocna~7(India)

I. INTRODUCTION

The field index 'n' of the betatron can be datermined
accurately by measuring the fields at different radial
pointe /An the median plane. However, the magnet current
whould be siable for accurate measurement of the magnetic
fields mt various points. In addition, if & small search
¢oil is used for this purposs an accurate knowledge of its
constants is alac required,

Because of the eddy currents, the flux in the magnet
ie not in phaee with the current in the wagnetising coils
and with a small search coil used to measure the magnetic
field by balancing ita induced voltage with some axteornal
standard valtage, the inuquality(z) of the phasas of these
voltagea becomes & problem and the use of a phase shifter
1s essential,

The method described in thia note for messurement of
the field index 'n' of the 5 Mev betatron,we have in this
leboratory, is independent of the current in the msgnet as
well as the constants of the coils used, and the difficulty
af pbase difference is also removad,
1Y, THEOHY

If @ small coil of N turns ia placed in the uniform gep
of the betatron, the e.m. f. induced at the time t due to
the magnetic field B = B, Sin wt is given by

B =~ N %% = - NAD® Cos wt YN (1)
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If puotber ronouring scorch coil of turng Nl io kept
ot o redinl dictanco » dn the modian plene of tho botatren,

the {nduscd cerfe 0t tho timo ¢t in thip cbil is
a4
.o = N

bl 1l dt
I the twe endc of tho coil kopt in tho contral part

= o~ NlAIBrm Con wt . XXX (2)

of the bototrom are connccted to o ptenderd potentiometor
wiro of longth L, and if the e.m. %, from tho measuring coil '

lc balenced aeross the potontiomeier wiro for longth £, thed

Br )
5 = RS ) soes (3)

o
vhero B So o conctont,

Similarly foxr the redial pénition (r + Or), of the
moesuring coll, if tho longth of the potentiometer wire

Toquizred for ike balance is 2y, then we heve

B 4 bOr B; 4+ Arp
Z —_— o ———tee— = R.‘)l REXX] (Z})
/
I’}O BO

The terms B/ end B’ ariso due to the Fluctuatiens
w+lr o .
in tho coryxent if any, but the ratio remains the pame.

Fron oq. (3 end 4)
AB A£ IR R (5)

if (r + On) > r then £; < L
dB_/B_ . 6B /B trom (5)
dy/r» br/r
n = - B44 s (6)

Ar7r

A8 N = =

III. RESULTS AND CONCIUSION

N

4 standardising search coil and a measuring coil were

rounted’ in the central uniform gap and in the outer non~
uniform gap of the betatron magnet respectively. The

position of the latter gould be known accurately in the
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nedian plane, The voltages induced in the two coils were
always found to be in phase and were put over a atandard
A.C. potentiometsr, The balance peint determined by a
vibrational galvanometer was accurate to 4 1 m.m,

The value of n at any radial distance r in the median
plane can be determined by multiplying the value of % :}—q
read’ from fig, (1), by the r of the corresponding point.
The variation of the'n'with's'is shown in fig, (2).

It is olear from fig. (2) that the condiuonu) for
double focuasing is obeyed only in a region 7 em,< r < 10
cme, of the medimn plane and the stable orbit(” could be
fixed at the radial distance r equal to 8.25 ema,
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DISCUSSION

As daint TWhat ie the acouracy in the memsurement of

the field index?t

V.. Bhoraskars 2% in W value,

S.B. Xarmohapatros Is it required Yo see whether ther

ig eny loss of intenseify due to inaccuracy in messure-

ment in n.

VeN. Bhoraskar# Yes, I agree. Bul basically we &re

only shifting the orbit by momentarily pulsing the
magnetic field, and expsot the beam to emerge as it 1ip
in the etable orbit.



~-545~-

MASS SPECTROSCOPIC DIAGROSTIOS OF THE VACUUM ARG

V.5.Venkatasubramanion and P.T«Rajegopalan

Depsrtment of Physics, Indian Institute of Science,
Nangaslore~-12.

I. INTRODUCTION

Wans spectrometry 1e a valuable tool for the
dingnostios of electrioel discharge phenonena, as a
knowledne of the isotoplc composition provides useful
information on the role of the elestrodes and embient
gos in the initiation end maintenence of the discharge,
¥hile, the distribution of long in different lonisation
siates enables the plasma temperature snd electron pres-
pure to be oaleulated, In this paper, we present the
resultes of mase spectrometric studies on the vacuunm
arc which have a bearing on iwo aspeots of the vacuum
are discharge, {a) the tfansition from ‘anode’ to
teathode! type of arcing, snd (b) the temperature dis~
tribution in the vacuum are colum.

II. EXPERIMENTAL DETAILS

The measurenents were made with a Nier~Jotmaon
type dou‘ble-rocusin§ mass spectrometer constructed in
this 1abomtory(1'2 The vacuun arc source was of the
pimple door-bell type in which the areing contacts were
actuated by an externally mounted, a.c. fed electro~
magnet. The arcing voltage 6-24V was supplied by ex-
ternnl batteries with inductance and/or resistance in
gerles, VWavefornsg of arcing voliage and current were
nonitored with s CRO, and for the current range emp-
loyed {gap ourrent pulses 4-30A, =and average arc cur-
renta 0.2-21) the waveforms revealed 'showering', lye.y
interrupted ares due to discharging end vecharging of
the local capacitance., The circuit parameters could
Ye sdjusted for showerlng times to have values in the
range 5-200 sec. A monitor electrode at the exist of
the electrostatic analyser wae used to measure a cons-
tant fraction of the total lon current, and the ra &
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of resolved isotopic to monitor currents taken ss g
true measure of the ilon current.

ITI. ANODE AND CATHODE ABCS

A study of electrode effects in some arc ion
gources has been given by Honig(3 « The observation
of two types of contact arcs was first made by HolmMJ
on the basies of electrode erosion measurements; a more
exhaustive study by Germer(s) established the feature
of these distinet arc types, viz., the enode arc vap-
orlsing materisl from the znode leaving a crater, and
Interpreted as due to vaporisabion of the snode by elec-
trons initiating the arc, and the cathode arc evapora-
ting cathode material in an array of tiny pits and in-
terpreted as due to vaporisation at field emission spots
and sputtering.

A mass spectroscopic study of this effect has
been carried out by measuring the intensities of singly
and doubly charged lonic species with sissimilar elec~
trodes, for both smsll and large showering times. This
18 achieved by arcing the contacts (a) with no induci-
ance is series, when the showering times are short
“~ 5psec., and (b) with a 100 uH series inductance,
when the showering times are - 100psec. The series
resistance is adjusted so that the peak gap currents
are nearly the same for the cases compared., The
Table 1 gives the distribution of both cathode and
anode material Xons,

The measurements show that with no series L ,
gnd hence small shoq%ing times, the ions consist mainly
of the anode material, while with longer showering in-
ter;als, there i8 a predominance of ecathode iops. In
the latter case, the relative abundances of multiply
charged ions is higher. Thus the results confirm the
existence of two arc types recognised in opening con-
tacts. ;
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TABLE 1
RELATIVE YON ABUNDANCES WITH DISSIMILAR ELECTRODES

Cathode Sertes L . M* . % . ot . cutt.

Cu il 7.0 2.5 4.5 1.2

A1 nix 2.5 0.7 5.0 2,5

Cu 100pH 20 12 95 68

AL 100p. 1B 55 50 13 6
{b) Fe-~Cu couple.

Cathode Seriea L . Fe* Fe** cut cutt
Fe nil 4,0 2.4 ] 2.0
Cu Fil 5.0 1.8 2.0 1.1
Fe 100 pH 85 55 20 28
Cu 100pH 25 20 45 35

WAEPERATURE DISTRIBUTION IN THE VACUUM ARC.

The nass spectrum from a vacuum arc between
fsinilar electrodes is mainly composed of atomic ions
1t it ana 1%* end the molecular don l';. There is
good evidence that high pressure arcs of duration 100
sec,, and higher are in local thermodynemic equili-~
brium'®’, Thus 1f the vacuum arc io asaumed to have a
uniform plasma temperature and sleciron pressure, theco
parameters cmm be determined from a knowledge of aingly
end multiply charged 1loms, uaing the well-known Scha

formula,

% ~fe o
MNpa T 2 “A»-(T" (zmmk) K TB’L ¢ {en hl/‘\T
Wi = w1 33

where W, ,,8nd ", are the number dennitien of the tned
~fold, end fu~fold lonleed epecies, v, the number den~
sity of electrons, w,, ,Wpnore the pariition function-
for the th+n-fold, and n-fold {foninrd ntomn, €, it
the ionisation energy for the procenn s {nstyy em2

Ag.1s the lowering of ionirntion enerpy Sus & =7
fields 4n the plamma,



Turthery; the reletlive pbundancces of ntomic and
molecular ions can be computed from the dissociation

formula(s) ond Ssha equation,
8
A TATS |t K = 2 4 3 kT g, 8L et +tnfi- thT]
Mg RT 2 - i
+ {n Z%a%
“%ap

where D 1s the dissociation potential, L the moment of
inertia, end V the vibration frequency of the molecule,
end 9.the statisticnl welghts. If these equations are
used with {the observed abundances of atomic and mole-~
cular lons, it is nol pogsibie to arrive at = consistent
and physically plausible set of values of T’and=nn, for
two recgons ~ (an) the observed dundances of molecular
ions correspond to much lower temperatures than for mil-
tiply charged ions, (b) rather too high electron pres~
sures ( 10% aimos.) have to be assumed to explain the
observed multiple charge abundances, as pointed out by
Franzen and Schuy

The aspumption of 2 wniform temperature for the arc
column appears warealictic. Actuelly, the temperature
distribution in a cylindrical arc has been considered by
Maecker 8 on the bagsis of energy balance equations; and
for high pressure arcs with nolecular geses, consists of
a core, surrounded by a plateau with small temperature
gradient corresponding to a reglon where thermal conduc-
tion is enhanced by transport of dissociation energy by
diffusing molecules. A similar zoning of the arc struc-
ture is expected for the vacuum arc, with plateaus cor-
responding to (a) molecular recombinatfon and d@ssoclation,
(b) single ionisation (c) double ionisation ete. The
electron density, after the initial rapid rise due to
onset of ionisation, doed not however, increase much
with temperature, the decrease in gas density being off-
set by enhancement due to multiple lonisation.

In the table below, we give th%_values of the re~

3+
lative sbundences — ':‘4 5 and ':Z- for the vacuum arcs
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onlculated with the masumption of n uniform
AT {0 M/c L,

and an arc column temperature dietribution consisting
of {a) e core of temperature T, , where M ang Mt
predominnte, (b) an intermediate zone of temperatureT,
{¢) a periphery ol temperature Ty where molecular ions
prevail, and compars these with observed values in our
measurenents. The method of calculation of M“, and

#42* 1o outlimed in Referencel’), while the clessic
paper of Russel on stellar abundancea of nmolecules
18 followed for the celeulation of M ,the recent maasp
spectrescopic valuea of dissociafion and tonisation
energies of €, being used.

TABLE 11

12F 1Byt “E:fﬁ ﬂ
Materlsl 24 . Tp. Ty pregme ME TR

(10%ex) {cale.)  (Obs.)

¢ 4,0 2.0 0.8 041 = 0.0 042 - 0418
A 3.7 2.8 0.4 0.86 0.2 0.1 0.8 0.2 0,1
Fe 3.4 2.5 - 1.2 047 ~ 1.2015 ~
ca 4.1 2.8 - 0.65 0.4 - 0.80.,1 -

It is thus possidle to choose a set of values of 1‘1,
Tz end T:': that are conmistent with expe~izemisl data
on adundences. Further, these terperzinres zre brozfly
in sccordance with optical spectrosenpls 22tz 4n GerZler
and other high pressure high tempercizre zroz,
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DISCUSSION

Jayakumars What was the power at which the arc was
operated?

P.T. Rajagopalan: The power at which the arc was

operated was varied from about 6 watts to 25 watts
corresponding to the voltage across the elecirodes

being varied between 6 nand 25 volts at an average arc

current of about one ampere.

S.B., Karmchapatrge: What is the R.P. of your instru-

ment? Why do you require double focussing?

P.T. Rajagopalan: The resolving power of the instru-

ment is about 1 in 50, Double focussing is required

while using ion sources like the vibrator arc source

which produce ions of large energy spread.
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that there 1o a distinct ndvantaze conatant velocity rode enjoys over
the constant acceleration type of "instrunent, in investigations of gelec-
ted repfons of Mozsbauer spectrun.  The spectronctor deseribed here can
be used elther in constant velecity or linearly increasing velocity mods,
For constnnt volezity nole of analysis, a p2ir of secaler-tirer is tho
ndditienal requirenent, This unit can be used when selected regions of
an abgsorptien spoctrun are to be observed in constant veloelty mode.
Higher drive velocities are obtainable from this spectrozeter in linearly
inereasing velocity, rode, wvhich is usecul in the Rnre-earfh region,
W¥ien coupled to Hultichannel ananlyser the spectrometer fur-
nighes for to and fro cycle of rmoveront (Cohen type)(s), or the converse
ia alaso possible (Kankelloit typc)(4). In the first casc the analyser

is react at approprinte times when tho drive movement cycle is complete.

II, FUNCTIQNAL DESCRIPTION

Fig. Z:7 shows the functional block diagran of this spectro-
moter. A Function generator has a binary triggercd by the diode comparator.
The input to this diode comparator can either be the positive or negative
going wvoltage levels of the triangular waveform, or an externally fed
squarcwave such as a squarewave gonorated by scaling down of crystal
controlled oscillator output, or the 200, 200 Binary output of a 400~
channel analysor(4). The binary output is shaped through operational
integrator and diode sine wave synthesiser. Fig. [27 shows the schematic
of this function generator.

Function generator output (square, triangular or ginusoidal
voltage sweop), is fed to the differential ifput of the operational
amplifier module through a wire wound helical potentiometer, which con=

trols the maximum velocity swing. The other input to operational



FUNCTION GENERATOR
D T
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amplifier' is the output of velocity sensing coil of the linear velocity-
transducer. The error signal thus produced is amplified and integrated
in second operational amplifier module and is then fed to ‘the DC~coupled
power amplifier.

The operational amplifier used is a discrete component packaged
-module based on Grigsons(e)design, used ag a common element in function
generator, servo-feedback amplifier and integrator loop, It has a high
open loop gain, good stability,

Power amplificer used is a wide band transformerless audio
amplifier with high power output. DC-couplinzs are maintained throughout
this power staze and sufficient negative feedback has been provided to
eliminate any oscillatory mode as well as stabllising it against any vol-
tage drifts. Fig. [57 shows the opcrational amplifier and power amplifier
used,

I1I. FEEDBACK AND REDUCTION OF POSITION DRIFTS.

The velocity feedback loop is around the amplifier-integrator,
power amplifier and cloctromechanical feedback coupling through velodity
transducer, where de eloctrical couplings, rigid mechanical couplings and
gufficiently stiff suspensions are maintained to reduce chances of any
longitudinal mode resonances(s) and velocity distortions.” Large amount
of local negative feedback is also applied to ensure stability of the
system,

Position drifts are caused due to random voltage fluctuations
at the power amplifier output unaccompanicd by the input voltage variations.
The power amplifier output is dec coupled to Lhe input of servo amplifier
through a high resistance Rf (fig.1) in the negative feedback mannere -

Thus any random position drifts are reduced to extremely small value.
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Howovon, Lt should be noted that slnce stabilisntion by use of diis feed-
back 4 only at tho cost of total powor gain, tho actual amount of food-
bLack is dopondont on tho total allowable gain-roduciion and a proper
balance has to be struck butweon the two,

IV, ELECTRCMIGHANICAL DRIVE

Tho doppler motion is generated by meanz of elsetromechanical
dtive assorbly. A high compliance bass range loﬁdspeaker (Deconed) is
unscll w8 a drlver. This 1s coupled to the moving member of a linear volooity
translucor *ype 'BIV2, rused to senso tho instontaneous velociéios and for
voloclty feedbock. The moving rerber is supported by 15 mil thick berylliwun
vopper guppcnsion. A sot of six gserews on transducer mounting are used to
nlign the position of tho transducer coil housing.

V. PERFORMANCE, CALIBRATICH AND RESUITS.

Mossbauor absorption spoctra were taken with this Spectro-
ncter in both conatant veleoeity and linearly increasing velocity mode. A
5 millicurie Co°! source in palladiun patrix (25 p)-thickness was used at
roon terperature. Flg. [§7 shows the hyperfinc splittings in case 6f'(7)
netallic iron of natural composition. It was polntoed by Proston et.al
that the seperation betwoen 1st and 2nd, 2nd and 3rd, 4th and 5th gnd 5th
and 6th dips of natural iron splittings should bo equal 6" the excited
state splittingz gy=2.244 mm/scc. Using this value Fig.[§7 yields the ave-
rage velocity per channel = 0,072F1 my/sec, Table 1 shows the calculated
velocity positions of six lines as compared to the standard velocity posi-
tions as given b& Preston et.al.(7). This shows the maximum velooity
dovintions better than i 0.003 mn/sec, for full scale of 10.657 rm/sec.

The spectrometer is also being used in velociéy regions:
higher than 10 mm/sec. In these rogions rare earth systens such as Europium

with 21.7 Kev line is being used. This aspect of the spectrometer and
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this mothod. Basides Aulge, other sources such agp uae, Zr97,

1097, Xo'l”m, Iebsm. Yb177 eto, can nleo be used with this method,

It con bo shorm that if Hp , Ny end N gor are the

oounting ratos in P, Y and PY coincidence channel, then under
certain assumptions
A Y AT ). ]
Nav SN
whero N, = absolute Disintegration rate
\;\b = Fraotion of © spectra mccepted electronically
by the ¥ deteotor
\‘\m«v)" Fraction of & end X ogpeotra acoepted
clectronically by the detector
and "‘w e« Probability that a < ray entering the

R crystal gives rise to a pulse

The experimental procedure consists in plotting “““"l“b\-
(ocorrected for effects such as background, dead time, chance
coinoidence eto.) as a funotion of the solid angle subtenéed by

R detector at the source (1.6, proportional to inverse square
of the distance betweon $ detector and source) and extraploat-
ing the curve at zero geometry to find the intercept which gives
the disintegration rate independent of X efficiency of v

ocrystal.

EXPERIVENTAL DETAILS_AND RESULTS
A block diagram of the experimental arrangement which

coneists of a standard coincidence set up is shown in Fig.(1).
Spec-pure gold foils were irradiated in reactor APSARA and
counted in the present experimental set up at different distances

of ® ocrystal., A plastic scintillator of #" thick was used aB
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a B detector. © blas wax Rdjuated above the raximum energy

of converted eleot 8tandard dure for b doad

tire ocorrections atn. was followed,

The experipental results were anslysed on UDC.3600 vaing the
atandard method of least equare fitting and are shown in Fig. {2).
It 1e seen from Fig. (2} that » strnight 1ine an predicted by theory
is obtained, The uncertainty celculated by the method of propagation
of errors was sbout 1% in LI
CONCLUSIONE

Using irradiated gold folls, it haa bdeen ghown that tha

pregent emthod which fa indn;endant of the Y efficisnoy of g
crystal and slso the knowledge of internal conversion coefficlent,

could be ueed for deternining abaoluta dfsintegration rate.
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BLOCK DIAGRAM OF THE EXPERIMENTAL
SET-UP

SOURCE

PRE AMP. [ : ”
B-CRYSTAL Y- CRYSTAL

NONOVERLOAD ' ‘ ‘ NON OVERLOAD
AMPLIFIER ' AMPLIFIER
i i
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A HIGE CURRENT ELECTRON INPACT ION SOURCE
Indion Thotitabe ob r§8h§51g:;. Kanpur-16

I. INTRODUCTION

A high ourrent elestron impact magnetron ion 2ource
cespnble of delivering ion currents of the order of millle
sxperes ia desoribed, The 2on source 1s a modified version
of the typs desoribed dy Slnger et n1.1 The maj)or changes
ars, use of the ion source magnetioc field as a variable
parazster, use of the ion source housing as the ounter
amnode, and ruggedized construction. Sinoe this ion scurce
dalivera lon ourrents at very low extraction potentials,
1.0,y 1n-the ev rangs, the ions in the beans zhould have
relatively hlgh energy homogénelty when accelerated to kav
or mev reglon. Consequently, this offers certaln definite
edvantagas over rf dischargs lon sources. In the latter
type, energy homogensity of the extracted ion beam iz
oconsiderably inferior as little control can be exeroised
on the energy of the eleotruns existing in discharge

Plaszas,

11, EXPEATKENTAL

The present ion source contalns ten 7 on long 1
mf diamoter tungsten wires connected in meries for the
filament and these are oylindrically arranged on a 4,5 om
dianeter oirole around & 6.5 mm diameter central anods,
The latter 1z concentrio with a 9 om diaxeter outer amde
which &lsc acts as the lon source housing. Axially, the
lon sourocp is adout 9.5 cm iong. The ions ars
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through o 2 cmn diameter aperture loocsted at the oenter
of tho outer anode., The metellic parts of the lon source
are modo of 304 eteinless steel end the insulating parts
arc of mioa. The lon source 18 water cooled. Internal
assrombly of the flange mounted source is shown An Pig. 1.

The olootromagnet oround tho ion source with § oa
dismoter pole pieces assoociates with 1% a coil madé of
gbout 2500 turns of 20 SWG wire capable of ocarrying 2 amp
of continuous ocurrent and significantly higher ourrents
for short periods. Mappings show that the magnetic fidld
bstween the poles 13 highly inhomogeneous as might be
expected. Typiocally, fo; L amp of magnet current, on the
polar axis which coincides with the qentral anode, it
shows n fleld of about 400 gauss at the center of the ion
sourcs and about 700 gauss on the pole faoce.

For the present experiments, the anode potential
was clamped to ground end the filament which is heated
with 50 Hz aoc floated negative dc with respeot to the
enodes, This potential difforence, or the Ionizing Voltage
(I.V.), 18 an approximate measure of the electron energy
in the ion source. In & typical ilon souroec operation, &
filament current of 60 emp requires about 50 volts ac and
this results an anode current of about 5 amp. The lon

energy is controlled by the ion extraction potential.

III. BESULTS
Most measurements of lon ocurrents with the present
fon source were made with nitrogen as the experimental

gas. The results obtained with oxygen are quite similar.
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Some typioaml results for nitrogen at 10~ torr gauge
pressure are shown in Fig. 2. The 8011d lines ghow the
varistion of the lon ourrent as a function of the magnetic
field intensity and Ionizing Voltage, as measured abvout
10 o= outside the lon exit aperturs. The results shown
rafer to an extraction potential of 60 volts with respeot

to the aperture. The magnetic field intsnaity refera to
that at the center of the lon source. It is apparent

fror the data that the dependence on the magnetio fleld
ie not strong., The behaviour of the lon ourrant as a
funotion of the filanent ourrent at constant Ioniring
Voltage and magnetic fiald intensity is shown by the
broken line. In the operational region, the ion current
48 a sansitive funotion of the filazent current.

The lon source 1s presently belng used for lon
optiocal spesctroscopio sork. With sultable dinezsloral
ohanges this should be useful in acceleratorz a=d in
other experimental work where high ourrext low exergy ilon
beazs are required.

The suthors wish to gratefully s:kzcwleigs ex;pore
fron the Petroleum Bessarch Pund of the szeTiczz Chexizel
8onlaty.

REPEAENCE

1. Stanley 8inger, N, G, Kix, L. ¥. Eexl, 222 ¥, Ty
J. Phya. Chem. 69, 799 (1%55)
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DISCUBSION

2y DR IUN

B.N, Misras 1) What is the material of aperture used?

2) Are you using any ineulating sleeve at aperture?

P.K. Ghoshy 1) Stainlees Btoel 304. 2) No.

V.N. Bhoraskar: If the oathode is directly heated by
50¢/B current, will the voltage between the anode and

the cathode remaine the same?

P.K, Ghosht No, the variation is dependent on the

magnitude of the 50 cpe voltage used to heat the
filamemnt,

V.M. Bhoraskar: 1Is there any sdvantage of groynding

the anode?

P.K, Ghosht Yes, the outer anode also serves the
purpose of the ion source housing and no additional
housing ie required.

5.B, Karmohapatros With such low extractlon voltage
how such high current is extracted.

P.K. Ghosht The 1on exit aperture ie rather large.

‘ This apparently permits enough field penetration to
result in the observed fon currents,.

5.8, Karmohapatrot 1) Vhether you extract ions radially
or axially, 2) By axial extractién do you expect higher

ion current.
P.K. Ghosht 1) Ions are extracted radially. 2) It is

difficult to predict. The geometry of the internal

assembly of the lons source is presently not convenient
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for axial extraction,

S. Chatterjees How do you measure the extracted ion-

current?

P.K., Ghoshs With the help of a faraday cup and a

milliammeter.
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Characteristics of a Duoplasmatron Ion Source,

Sahe ?ns’:.1tﬂ:ﬁhspﬁgeﬁgrﬂ‘?hg512!;?:&;2:2{::9,
INTRODUCTION

The Duoplasmatron Ion Scurce which is a high
intensity type of source has got some advantages e,g.§
high currents, high ionization efficiency ste,

We have reported here some preliminary operational
characteristics of & Duoplasmatron (1) ifon source using
neon gas, The results which are in the low energy and
low efficlency region are not reported earlier, Low energy
operation 1s important for Isotope sel;aratora for prepar-
ing isotopictapgets and the low efficiency operation of
the source 18 useful for direct enhancement of the mulfi-

ply charged dons for accelerators,

EXPERIMENT

The Duoplasmatron used here is the standard Von -
Argdenne type 12 of source with a ferromagnetic anode and
an intermediate electrode, A schematic diazgram of the ex~
perimental set-up is shown in fig, I. The ion beam from
the plasma cheamber 1s extracted by supplfing & positive
accelerating voltage to the source, The extractor elec-
trode 1s usually given a low negative voltage, The extrac-
tor is followed by einzel lens with proper focussing vol-
tage, which focusses the ion beam into a faraday cage, Pre-~
ssuge inside the discharge chamber was measured by an air

calibrated thermocouple gauge, and the pressure out :° by
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an Ionisation gauge, GICO11 (CVC).

The first part of our present work deals with
the dependence of the extracted ion current on the pre~
ssure in the discharge chamber3. When the pressure out-
side the chamber was steady at about 9 x 10-6hm.'of mer=
cury, the pressure inside was about 1x10'3mm..or less,
After degassing the filament for about 15 mins, with a cons-
tant heating current of 40 Amp., neon gas was fed inside
and the arc voltage was supplied, The pressure outside
the source was about 2x10-5Torr, when the arc discharge
was generated with an arc voltage of 150-200 volts., Then
we started with a» high a pressure inside the soufce, as
was possible to get an ion current ~r10-7A with a low acc-
elerating voltage. We went on lowering the pressure by
means of a needle valve noting at the same time the varii
ation of the jon current with pressure in the chamPer with
accelerating voltage as a parameter, The magnetic field
was fixed at 2 KG,

After getting an optimum value of pressure in the
chamber (Pi), we tried to verify the V3/2 dependencyh’s
of ion current in the low accelerating voltage range
(1-6KV) with arc discharge current (IA) and the pressure:
Pi as parameters, The magnetic field was fixed at 2, 2KG.

After keeping the pressure Pi at 4,5 x 10"%mm, the
arc voltage Varc and the magnetic field (600 G) fixed,
the arc current was varied by changing the heating curr-
ent of the filament and the dependency of the ion cgrrent
for a particular accelerating voltage (6KV) was’

Ic on IA
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A
&

discharge which in turn depend on filament heating curr-’
ent, Pressure inside the Discharge chamber and the magne-
tlec field, The extraction of the beam also has been
shownl'*’5 to have V3/2 extraction voltage dependence indica-
ting 1ts space charge limitation, In our present results,
it departs from this dependence, In this work though we
have not reported any dePendency of ion current on the mag-
netic field there are results of other workers, There is an
optimum value of the arc current dependinghon the pressure
inside for an optimum extraction,

In these measurements we have dealt with low accelera-
ting voltages since low energy ion beam, if can b? extrag-
ted from a Duoplasmatran with high intensity, can be uséd
directly for target prepa&ation with-out prior deceleration
near the target as is required for nuclear spectroscopy
work, With low arc current i,e., with lower efficiency
there remains a possibility of the presence of some neutral
atoms inside, which may produce more multiply-charged ions
by ionatom collisions,

REFERENCES -
1. M. Von Ardenne "Tabellen der Electronenphysik,

Ionenphysik and Ubermikroskopie Deut, Verlag, Wiss.
Berlin, 1954,

2, C., D, Moak, et al, Rev, Sci, Instr, 30, 69% (59)

3, VEB VeKutronik, Deesden-Manual of Duop, Ion Source

4, O, Almen & K, O, Nielson-Nuel, Instr, 1 (1957) 302. .
5, N, Wells and P, R, Hanley Accl, Conf, Washington, 1969
6, A, Septier et al, Nucl, Instr, 38 (1965) k1,
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ienyey OF A CONTROLLED 4 SECTOR FOCUSSED IBOCEROIUS CICLOTEON FOR
MESOR PACTORIES

AJain and A.B.Hvatia
Epatha dtamic Besearch Centre, Trombday, Bouday~85

Y. IETROCTION

The extensicn of the sector focussed isochronoms cyelotron
wpte the 1 GeV region has been attenpted by various workera with
varying degrees of muen-a.“"‘)'”m basio requivemants must be met
vith 4n designing $he sectors of an AVF tyolotrone{1) ispchronim,
and (11) correat axtal focussing,

Tor isoohroniez the time averaged Rignetio field (B) dust
Ineresss with the radins wscording %o selattvietle requirazents) r4)
1be strong f1el2 hild sector must be contimously flared to subtend
an zagle at ihe omm(S)'bieh we put in the fom

7= zcw'{ 4 (Gt I (:::85: (ae] tm:)nmz} (L

Yor corzect axial focusaing the verticsl betatron frequencyy
nust 1{e in en operstion band ewsy frow verious resonsnces. Thiw
oa be done Yy sultsbly chooslng the flutter fanotion ¥° and the
wpiral mgle 4n the equation dsrived by various mutborsl>’)
Ve ~m 3 P (14 24ante) et

Jn the attexpts mentioned eariier, correct arial fooussing has been
obtained either by mesrching for a suldedle nagnsile potential with
& dgital canyutu'(z)ar Yy sdjusting Pz with tha ruuu“). The
lstter impltes & pole gep vaxying with the radius which m&y prove
inconvenient for large proton machines. We cutline here a method
{0 obtain simnltencous isocizoniea snd correct focmssing by a siaple
mﬂ!ﬁ'cll technique.
1. DESIGH THEORY

Uaing the beod sdge szproxinationt®ive
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vartionl frequency equation whan sector entry med exit spiral angles
exre unequal to de T | .

e B Do (o= oot ont]
which redboon to tho woll tested Eq.2 whon €=€,2€ . The first
square brackoet o;zntainn ths Thomas cnd Laslett and the mecond the
Koerst altornating-gredient offeots. ‘

Roferring to Fig.1, osuppooo tha hill sectoras have been designed

111 the radiup r~n. Lot the angle subtended at the centre by the
exo AB at rea bo 1, and arc A'B' at r=a + A8 be 1l°+a7.whero

A’l" = roquired inorement in the hill angle for iroohroniem obtained
by ddfforontiating Eq.1.
Let us introduce 2 spiral angle E, (anglo between the radius vector
ard tengent to the aecto:i:) at & snd €, at B, Let the corresponding
contributions at the centre bo A&, and A, , end for isochroniss

the not inoroeso in hill angle AP: 80,-5g, must ba suoch hat
Aoz 86 (4

8ince AHa<d<q. , -the portions of the curves AA' and EB' can be
essumed linear apd from triengles ACA' and BCB'
48,z €,- Sm [ 2=7a Siné]
A = €, - Sm"[ q,:bu Smé] * - 5
ond pubstituting in eq (4) c
. -1{ & .
e [r- 5 (g S )] - [ 5o (5] 0

Thus we notice that the epiral engles introduced at axy radius

affect both axial fooussing (Eq.3) and increass in average field
duo to eaoi';or flaring (Eq.6). For reasonsble conditions, the
transcendentsl equations (3) and (6) can be solved simultaneously to
yield a set €, and €, satisfying both isochroniem and & correct vi
ot each radius. The proocsss is ropeated for severel radii and the
polar co-ordinates of the sectors gemerated from Bq.(5).

Since Eq.(3) is approximate, a reiterative corrective PI'O‘;"d‘“"
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4s required, Using the preliminsry design & sosle model and orbu’
integration studies are required to indioste the deviatton A)i and
b(ml)ud the correations A&, and A%, cen be ebtained by molving
the set - o = Yrse + asf-'bh

A€ [2%

— ooy = '}LQ‘LM' + b;M—, o
obtained by differentiating Eq (3) ama {6), The process is rapidly
converglng wince Eq.{3)} is & good first mppreximation.

IIT. FESULTS
Using the sbave asthod, we prament the sector shupes for
a 938 ¥a¥ proton machine having the indicsted parxasters,

¥ « 8 Boentral =~ 6.772 K&+ By = 14,500 Xg B - 6,157 Hadius = 400 cz»

Rad ) v
Lmy Et;t:’y <k2> & 8 & e F ok oy e
100 22.8 6.94 - - 22.2 25.2 .129 .040 0.28 440
150‘ 53.8 T.16 7.6 119 31.8 37,2 .152 049 O.28 5.2
200 102.6 7.51 16,4 22,4 39.2 47,8 .178 .060 0.28 7.0
250 177.6 8.05 25.0 35.6 46.0 58.8 0.2 .072 0,28 9.7
300 295.7 8.91 34.4 469 S53.8 71,8 0.2 .085 0.28 4.1
350 499.6 10,38 44,2 4.2 BL.T BB T 0B3 D28 206

400 938.3 13.55 54.2 9.9 -~ - - - - 38.0

The devistions expected in the experirentsl valuea of B) are within '
15% a8 Been by comparison with sn spproximste msthod(:’); those in
V, &r¢ within 256, pince Eq.{3) when applied to the mectors of the
VEC under aonstruction promises to hold within 2%(8)- Tha final

test of the table lies in a scale model mnd orbit intesratdon
'f“dlﬂu) using the measured magnetic field.

IV, CURCIUSION \\

Bacauge of two spirel angles, thie
appasce to be mors flexible and eyetematic for
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isochronous oyclotrons near the GeV regloix (e.g. meson factories
and synchrotron pre-injectors) where a large (several hundred por=
oent) sector flaring is encountered and simultaneously a preoiisoly-

controlled )i‘valuo is required along the radius to escape the varioue

(1,2,3)

resonanoces which arise due to the wide energy range. Variable

energy operation could best be aohioved(g)by negative ion aocelera-
tion and subsequent stripping at the desired radius.
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DISCUSSION

P.N. Trehant Are there any designs available of this

kind of meson factroy?

A.S5. Divatia: Yes. The Swiss Nuclear Institute (5.I.N)

is constructing a 500 MeV Isochronous cyclotron, with
a 70 MeV isochronous cyclotron as injector, for use as
a meson factory. But thie is of the "seperated sector"
type i.e. no valleys. Also, our design technique'ls
analytically.different.

S. Chatterjees Have you estimated Y» for each value

of W; ? One has to think about the resonances to

avoid any blow-up.

A.S. Divatiai Yes, We have estimated ),  for éach valué

of 7, along the radius, and designed the sectors such
as to avoid all pos;ible "avoidable" résonénces. How~
ever, the unavoidable radial resonance », = 3/2 at half
the proton rest mass has to be overcane and the unavoid-
able Yy = 2 resonance occurs and rests the upper energy

limit at 938 MeV.
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108 BeTICS IN THE XEAM TBANSFORT SYSTEM OF THE
VARTAELE ENERGY CYCLOTROX AT CAICUTTA

A.Jain and 4.8.Divatls
habhs Atomio Hesearch Centre, Trombay, Bombey - 85

X. EXTERNAL YOX OPTICS OF THE 224 cm. VARTABLE ENERGY CYCLOTHON

The prinoiple magnetia elements of tha ica optical mystem of the
Yariable Energy Cyclotren at Csloutts are shown scheratically in Fig.f.
The quadrupole lenses Q1 and Q2 focus the beam at the elit §1 of the
159.5¢ double focussing (n « 1/2) analysing magnet system N having a
resolution of 14,5 Xev/m, An intermediate imags formation and bence
tvo quadrupole lensas are nocessary if the beam dispersion preduced ky
the crelotron fringing field is te add to that produced Yy the
analysing msgnet, The slit 52 of the apalysing magnet seleots 1/40 of
the anaiysed deen current and reduces the initial enszgy spresd frema
about 600 Kev to 15 Xev, The quadrupole Q3 foouses the analysed beaw
pear the sntry pent of the swilching nagnet SW2 whith can e xade to
bend the beam {nto any of the aix high resolution caves C4, C5, €6, C7
C8 & €9, The maxiruz bend of 55° is specifically ehem. Ths quadre-
pole lens Qf next focuses the bean into the experimentsl target T, Yhe
position of the first ewitching zagunet SW1 16 slso shown which can awi~
foh the taanalyssd beaa into either of the tlres high intensity caves
€1, C2 and C3.
Il. PROGRAY ENVELOFE

The progran ENVELOST bas been deyeloped here in Fertran IV fer

the CIC 3600 7 The ¥ ceonteins for the
motien in & drift space, quadrupole xagnst lens systea, switching
nagnet, slit, analysing magvet mystez, otc, If the ge

P of ths bean pert elements in the st
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in tho date, the subreutines ers ealled in the ceme ssquence. The
boam cavelops 4o treced in a €ssixed number ef steps using the
srproprinte transfer matrix ef the mognetic elemsnt and treating the
longth aleng ths optic exdo in this matrix as & varisble, The £inal
boon parassters dun te cmo sutroutirs erc cutomatically fed as the
initinl bsen paramoters in the cuocecoeding subroutire, This makes
axy gonoral exrangerznt of olements possitle in the system. EBeveral
gyotons ocan  otudfed in o nipsle rem. 4 write-up of the progran
with the bonm Gynamicn used can ba foumd elanhom.“)

The nain difficulty exporioncod was in sssigning the quadru~
pole lenz doublet curronts I1 and Ig whioh will produoce the muhl(
bren charaoterastice at the next slit. We hsve ebtained tho ourrents

I, end I, Y7 solving a get of 'oirmltansous {ranscendental equatiexs

1 3
Yy the Newton Raphson approximntion tochnique. Fer a double imege

%u‘ 0 }
9 3220
and for s double weint et I, tho cet

at I (Fig.1) vo solve the set
( Tadle 1)
x2o

H!o
where x and y are given ty,
X = %ll Xo + ?,lz.xo/
x/= ?,zl Xo + Zza.DCo/

3= %aYe + 939 (n

Y'7 9w Yo + Yuays
and the ce-officionts are functicns of the parcmsters as defined in

fadle 1 end Fig.1.
III. STUDIES OF THE VEC ION OFTICAL SYSTEM

Tha pregrem has been used $o genorate the beam envelope through
the VEC Beam Transport System describod in Fig.1. Details of the
envelepes generated can bo found olcewhnro.“) We find that the

I4
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scqusnoe and positiening of elements descrided in Fig,t is highly
efficient and with nincr adjusiments can be cade to Yield merely X
transpert officioncy (f.¢. no lees of particlen). For 2 hizh treme-
rission throuvgh the enslysing magnet, we ware required to solve tiw
set
' xzo0

for 2
8120 Q

IV. IESIGN STUDIES

The progran can also be used to design new bteaa transport
gystexs, If the system requirecsnie ere known, soveral sequences
and positioning of elements can bs visualiced and the corresponding
beax emvalopes generated. Ths carrcot ssgusnce snd pesitioning can
b recched rapidly in & few runs and parameters like quadrupole

ocurrent requirecsnts, eto., obisined,

A sub-routine for the program te solve upto tweniy simultanseus
trepscendentel equations Yy ibe Bewxton Raphson method is under
preoparation for epticisation studies.in Bess Transpsri Qh.@tl.

EEFEREWCES

(1) RARC Eeport, wnder preparatica.



*I3n3Twg 30 Tozjotaly
™ 122 493 30 maysia
Tamale erdyontad oy
_—

b=913

L3203z aganpsv,
TPITUES Wot auy o uy: [ 73 PEN




A temporature ocmpensated Hall probs (Model T-6010 ef
FoWoBoll, Ina.} slongwith o goussnstor (Model 640 ef F.1.Bell,Ino.)
wna wind ac the fiedd moasuring oguipment, Absolute field measuring
neouracy of this ayetem 45 4 0.5 upto 10 kilogauss., Positioning
dig for the probe ard iis mounting arrangement are shown in fig.1,
Rndial and augular positions of tho probe can bo oontrolled within
0,05 ex. and 0.25 deg. rogpectively., Modisn plane can be located
within 0.05 ox.

Al) ths pointe ot whioh meaeuremgntn are taken lis cn s
rolar grid. Hodirl ooanning vweo done from 2,1 ems. to 16.1 cms, in
9 em. inioxvels. Azimuthelly, for the firpt eight radii, 0-360 deg.
and fox othor coven radii, 0-120 deg. region was scanned in 4 deg,
intorvals, in both roverse and forward d.ireotions. Shortening ‘of
the oean for lost soven medli wac dve te the obatruction of the
motion of tho prebe by the mognot yoke, At each radius date was

takon for 4 curronts vis. 1,2,5 and 3.5 amp.
III. ZEESULTS

_)Fig_. g shewo tho plot B(z,8) ys.@ at & radius 7.1 cms for
the current 3.5 amp.

Fig. 3 shows tho plets {B(x)> vs. zadius for all the
oun'en‘t'n. lSozne doviations are observed, due to a drift in the
ourront‘ caused hy heating,

In fig. 4 amplitudes of 3rd, 6th and 9th harmenios Y8.
rading have been plotted for all the currents,

Pable I gives tho first harmomic coeffioients, in gauss,

for differont curxents,
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Table I
Radius 1 amp. 2 anmp. 5 amp, 3.5 amp,
(ems} o4 by a, b, & b, 8, b, .

2.1 14,3 6.4 20.2 38.7 8.1 124 18.2 18.5
3.1 2.4 18.5 6.8 2.0 9.6 35.5 2.6 64.7
4.1 0.3 ~ 1.9 5.4 «2.2 - 1,2 14.7 -19.5 0.6
5.1 = 0.7 = 0.4 = 5.7 26.6 - 6.3 19.4 = 5.7 31.4
6.1 = 1.3 9.7 12,7 -1.1 -0.3 9.8 -21.4 12,4
7.1 = 2.4 -3.2 -19.5 14.3 21.3 11.3 -20.8 17.6
8.1 0.7 =9.9 =155 7.3 =15.2 = 3,2 =25.8 14,1
9.1 =6.3 1.3 -16.0 9.1 -T.4 2.5 -27.2 15.6

Absolute socuracy at any point ie betier than 3%; this takes
account of positioning errors and ourrent drift. For the reason
given above, only the harmonice which are multiples of 3 wore found
out boyond the eigth radius.

REFERERCES

1. N.F. Verster end H.L. Hagedoornj Nuol. Instr. & Meth. 18 - 19,
327 (1962)

2. R.E. Berg, H.G. Blosser and W,P. Johnsonj Mich. gtate Univ,

Cyclotron Project Report, MSUCP - 22 (1966).

DISCUSSION

V.N. Bhoraskar: Have you consider the stability of

the magnetising current?

R.K. Bhandarji: Current instability contributes an

error of nbout 0.5% of the reading. Reported accuracy

3% takes account of this error.
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of thase coleuletiono.
11) Firct heamonic ceused by the loos of F fold gymmetry due to an
innocurate nector can be cnleulnted by Fourder analyoing a step wave
whone hAlf periods or nmplitudos ave clightly unequcl corrosponding
to the maohining or positioning exyor.

Uping thoco aspumptions, we 1ict the penoral expressions

dcrived(')) in the following table.

Teble 1.
Relationship between consiructional

Type of error orrors and first harmonic AB
1. Non-parallity of pole pieces AB= B,, h._S/z.Rg_(%-}-S/;)
2. Machinlng of seclors 6B= 207 (BH— BAV) se/m
3 giifiggfng of sectorc on aB.- 2 i ('+ Cos %)’/EBH-BAQSP/W
4. Tapering of Secctor edges AB = 202n (BH_SAV)"G..S?‘/WJI-SMQ‘
5. Thickness of occtors 4B= 2N Sin (%-J) By.oz /77.3;,,
6. Flatnesec of sectors AB§= 208 Sie (ﬁ/l"‘) BH‘Sg/zﬂa'v
T. Parallity of nectors ABf 21N Sin Cn/lN) BH~A/Z.7T3;,

8. Concentricity of Pole-piecea AB: l@(BH'BAv)A‘;l(H'thA)/ZE’:
III. TCTAL PIRST HAK..QONIC

The total first hamonio is the sum of the individuwal
first hammonice edded with iheir proper phase. Since the exact
phase of the error cannot be predioted, by applying the statistics
of independent errors, it has been shown“ ) that the most probable
pum in this case also reduces to the root square sum given by

As-:J ABY + 5B .- .- OB (3

n

IV, RESULTS
Ueing the expressions listed in Table 1, the totel first
harmonic for ihe parameters and tolerances of the Texes A & M

University cyclotron is caleculated to be 3.6 gauss &t r = 10 cms
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for e averaso ficld of 8.25 Xgaues; tho sctual peasured value is
2.0 gaun(e) The correoponding value for the Calcatta cyelotron 4s
expeoted to be 3.9 gouss. In fig.1 are compared the theorotical and
experimental valuos of the firat harmonio as a function of the
arelotron radiua.

¥, CONCLUSIOT

Corsidering the largo mnber of derivations invelved and the
statintics due to uncertainty in phase, there im & ressonable &gree-
ment betwesn the theoretioal and experinental measuremente. Thus,
using these general i_xpnauou, tolersncas for the sectors of an
AVP cyolotron magnet having ¥ gectors aod of my dimension osz be
#inply prescribed vhioch will keesp the total first hamonlo content
‘below the oritical permisnible level, Buch tolerances largsly
influence the tachnioal feasibility of & ayolio ascelerator of largs
dimenaions.

FEFERNCES.

1. Theory of Oyelic Agc., Kolemensky & Lebedsy, North Holland Pud
Cos (1966) 31

2, Pr in Fuas Teck &I on, Borth-Hollend

Puvlishing Co., (1965), 29.
3. A.J&in and A.S.Tivatia, To De published
4+ Private cocmunication from Me, VW.A.McFarlin, Cyclotron Institute,

Texas A & ¥ University.
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TEXPERATURE EFFECTS OY ELECTRCSTATIC PROBE
ACASYRIVENT Iy BIGH PRESSURE PLASMA

V.K. Rohatgl
Tuabha Atoado Resoarch Cantre
Trozhay, Bosbay~85,

1. XTRODOCTION

Practicslly no information hee been looated regarding a
chargs enitting prode and its application gs a plasra &lagnostio tool.
Tha present study was undertaken to investigats the effect of tespors-
ture oo the charge colleotion property of a probe. Ths objeot of thin

paper 1& %o sursorigs the results of this stuie.

. TEE EXPRDONT

The pleazs waz genarsted In a loa diamwtsr ohannel con~
finsd by insulated nolybdenum disks with tungsten inserte. A prode
oinilar to the stack disk was lcocted halfway in the coluan, The
stoak froluding the probe sttained high tapperatuxes dus to the hest
fron ths plasza. The stask wee enclosed in an fnart gas chambder to
prevent it from oxidation during the experiment, Other dstails of the

apparatus have been pudlished nulisr(1).

At fixed aro currsnt ant
stoady state colleator temparature the prode characteristice ware
plotied directly on an x-y recorder. The probe temperature was rea-
sursd by a lesd sulfide photodetector whozs output voltsge was related

to the target temperature.
II1. RESULTS

The ourrent voltags charaoteristios of molybdenus and
Faline
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tungston probrs in 1 atm ergon rlasea .of 125A aro are Presonted i
Fig.1. The low temperaturs probs data (7 < 500°K) has been angp)

oa the bacic of lon collection probe theory, assuming no charge e

aoion fronm the ocolleotor surracogz) .

At highor temporatures when thormionic emissior bogino
appoar both ions and eleotrons contribute to tho probe ourrent.
the mobility control flow expressions for ions and electrons it i
possible to show that for electron density upto 10% of the ion de
the redustion in the space charge. field is less than 4%. Hence &
that oase one oan noglect ths elesctron emission and use.the probe
to otudy the charge distribution as in the case of e low temparat
probe. As expscted, the results thus obtainsd (Fig.z) indiecate ¢
in the case of an electron emitting probe the charge density and

gradient are elightly reduccd when compered with a water oooled I

»

Estimates of eleotron temperature madé from the water
cooled probes compared favourably with the spectroscopic datermin
tions(j). However, Fig.1 shows that the quantity (di/dV)v Lo o
eases with probe temperature. This implies that the T_ estimated
from the high temperature probe data would be lower than T_ obtal
from the water cooled probe data. Thus it'is conoluded that high
temperature probe msasurements provide an under-estimate of plosm

eleotron tempsrature.

The dependense of current on the surface temporature
the collector is shown in Fig.3. From simple caloulations based ¢
the Richardson equation and the kinetio thsory of gases it is post

to show that in the present example the ourrent at lower tempevatt
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(T = 2000°K) io mainly dus to the ion colleotion end that it remaing
oonstant throughout the rnnge of the experiment. The data also
pormits en evaluation of the effective work funsttion of tungsten
vhich in this case iz found to be %.54ev. This value of work funotion
is appreoiably lower than the reported work function of 4.5ev for

(4)

tungeten in vacuum, It has been shown that the reduction in the
work funotion of the emitter 1s due to the prosence of ion mpace

oharge ficld in a mannor desoribed by the Schottky effeot(S).
REFERENCES

1. V.K. Rohatgi, A IAA. J., 4, 1852 (1966)
2. V.K. Rohatgi, Int. J.Electron., 24, 257(1968)
3. V.K. Rohatgl, Brit.J.App.FPhy.,(J.Phys.D.),1, 485 (1967).

. Gray, An.Inst.Fhys.Handbook(McCraw Hill Book Co., Now
ork 1963) 2nd Edition, Table 9 § - 1.

5. V.X. hohatgi, J.App.Phys.(To be published).

M.R. Bhiday: In a fixed probe (w.r.t.) electrodes,

thie probe is looking at < very negligible fraction of

the plasma, How much faith can be placed on the cal-
culations of E?

Vv.K. Rohatgi: Within the accuracy of the measprements

and the resolution ol probe studies the field has been

found to be uniform over a section larger than the probe

sizeo.
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VELOCITY MEAJUREKENT IN RP FLASMA JET

ayakuzmar and 4.8, Patithankar
Teohnical Pluucn Divimion, Bhabhs Atowic Resoaxoh Centrs,
Trosbay, Bosbay-85(45).

I. JIKTRODUCTION

Frolizminary moasurszonte of the velooltles of the Argon
plesms Jeta gonerated in the quarts tudo placed in ths industien codl
of an rf oscillator herve doen reported in this yaper, Ths Imowledge
of thia ieportant parzmator is essential for understending various
phezozens taking place in tho plasza and also for fnproving the effi«
odanoy end porforsanco of different tecknical applioations of ths jet.
F¥umerious nethods are available for thy plasm jst tolooity measoes
mats. The masurexant of plases jet in NHD cbumd(‘) 1w oarried
out by discharging a aspasiter in floving plesma. Ths flight of fon
oloud ereated {s recorded Yy mosns of 2 photomnliipler eystem. The
velocity of the plusza Jet can also be cobputad by measuring the WD
voltage genarated. Both theze methods are based on the sszsumption
that tha relative volooity of plasea jet and fon is zero. There are
various other methods such as water-ocoled mba(Z)to weasurs the
ixpaat prossure and speotroscopio tcchniqm(i) which deterainss ttw
tamporaturs distribution and bence the veloaity distribution. But
all these seasurements have boen shown to havs their ovn dz-nhwé‘)

In the pressut sxperimnt, the plasus jet velooity was

soasured by using luzinous particle tracer tuohnxqun“’ 5)

LT, EXPERIVENPAL

The soh {c di of the tal is
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shomm in 'F.lgure te Tho high' frequoncy gonerator nesd mss a 6K%,

12 MU . ogdlllotor. Tho plasma torsh censinted of o 35 om i-d quartz
‘tuba opon at one end owrrounded b;; a water oooled coppor coil with
Live turns and 4 on overail lcngf.h. Tho plasna gas was introduced in
the tube tongonbielly. This tengentinl flow of the &gas stebilizos
the plesra and inguletes it from the woll of the tube.

The plaema Jet was started by inoreasing the &enarator
porer to about 80% and introduoing a &graphite rod in the quartz tube.
Tho arc is struok by heating the graphite by induotion and adjusting ‘
tho gas flow. Onoe the arc wes otabilized the graphite rod was romoved.
Eqoh tims the plasea gos flow-rato, end the power in the tubo was kept
oonstant. The oonstancy of the powor input to the placma was moni-
tored by koeping note of grid and plate ourrent of tt.zé osoillator,

Tho power input in the plasma was estimated to be 1.5 ‘KW, After sta-
bilizing the plesms jot o §ibo mesh ( ~40 p) of graphite power was
introdused from top and the path of the particles were traced taking
piroutres with Lice osrcra with a shutter speed of about 2 mssc. The
onlibration of the camsra shutter spsed was done with tektronica 5854
onoillomtope. FPhotographic enlarger was used to measure the length of
the streaks pi.*odusad by tho particles. The sosle factor of the image
was dotermined by comparing tho dismoter of the plasma tube as it
eppsarod on the negativé with it aotusl diamster, and velocities were

dotormined by dividing the stresk length of tho particle by exposure

tice, ‘

4

In order to loosto the radisl position of the partioles,

three dimenticl mapping technique was used. The side view of the
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plasrs jet wap reflegted with the bolp of mirror in sush a way that
front view end side view could o seen side by side. Knowing the
vosition of the track with respeot to centre of tln tuba, the radfal

ponition of the track was determined.

III. RESULTS

About 200 tracke in about 50 photographs wers stulied and
volocity of the Jet was doternined, Fig,2 shows the radial distri-
‘btution of jet welooity for given distance from the edge of e Rlesma

tube. Ths xvorage velooity was found to be B m/sec.

Thaaks are dus to Shri C. feo v T

pont and keen interest in the work.
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ELECTROTESRMAL EFFICIEWCY OF D.C. PLASMA JETS

4,8, Patthankar, Jayakumar, P.S.S.Murthr, azd P.R. Vanjpe
Tachnioal Fhyelcn Divieion, Phabha Atomic Reseaxch Centre,
Trosbay, Borbay-85(AS).

I. INTRODUCTION

The knowledge of the beat balance in the flanes generated
in the D.C. plasma Jots is & nscessary prorequisite for employing
thase devices for technological applications. This informstion is
saceasary for deternining tha various resstion rates and the eleotirode
1ifo. This paper provides an estizate of the effiolenoy of tha plasra
Jats developed in BARC. Tho studies were made on & 30 X¥F non-trans-
ferred exo torch, and a 120 KX transferred ara torch. The lossss in
the plasoa toroh and useful power were obtained from oalorimetric and

eotal cutting spsed memsurements.

Il. EXPERINERTAL

The torches tested were gas vortexr atabilized torches compe~
ieing & 10mz dis thoriated tungsten cathode and a oopper nozzle anode
separated from the osthods by araldite. The tornhes sare built for
neramic epraying and motal cutting. Those were used with suitable
transductor sontrollsd pover supplies. Tha teats wore made for Gum dial
orifice with a 2.5¢m lorg non-transferred flams and the trensferred

aTc tarch waa testad for 3 an noszle orifice.

IXXZ. EESUITS AND DISCUSSION

The total power input to tha torch is divided into
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%) Bleosrode loso, 2) Radiation lose and 3) powor carried away by

th? fleme. In mont torches the radimtion loss is negligible and
olootrothormal efficioncy of ths torch is glvon Yy

Yl = Pin -~ Pol X 100
Pin

= Total power in the jet
Power input X 100

wharo Pin is the power input and Pel is the power loss in eleotrodes.

Homever in the case of transforred aro torch the anode loss
appsars as useful heat and hence muoh higher efficienocy is obtained.
The analypio of various losses is es follows.

Tho anodes Tho anode is usually the gtabilizing nozzle
and the losses oan bo equated to Ja(¢a +V o+ %g; ) I(W/cu2
whoro J; in tho ourront donsity et tho anode, ¢:the work function,
Va. tho onode potential fall and T is the gas tompez"atum. To thie
loos io added the oconveotive and radistive losses. In practicdal
devices thsse losses ore kept below 1001(?7/032 for ocopper, to avoid

exoossive orosion. Tho oathode: Ths totel oathode losses are dus to

cathode fall + bhoat goin dus to convection and radiation + resistive
losses.

The major loss in gas stabilized torches is due to cathode

fall and is equal to:

Jk(vk - ¢k - Ve)

where V, is ths osthode fall, Jj, the cathode ourrent density, ﬂk the

work function and Ve ip the voltege equivalant of thermal energy of

eleotrons.
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Thus the totnl hont transferred in cutting process iy
givon by

Ll vd tPTn C. whero d L0 tho kerf width and Ta ig the
nelting point of {hv matoriaml.

Tho ovorall olootrothsrmal effioioncy of the transferred ard
ras found %o bo 90, the affioiency of hont transfer to the work -
picoo for 1" thick steinless stoel at 100 om/ses. cutting effioiency
was 45% and tho actunl(cutting afficioncy,corresponiing to heat used
for outting) vas about 25%. The mrasureronts were for A, B, mixture

with 250 volts aro voltage and 400 anpg current,

Ths anode crosion was found to bes puch larger in Nitrogen
than Argon. - This is attributed to tha faot that despite the higher
effioinnoy in litrogon wtho anode flare ends in a finer spot for BZ

{noreasing the power dennity.

Assuning the electrode losses to appear fully in anode the
nozzle vill orode comsiderably if the spot is emaller than fmm. How-
aver with Argon the flam assumes the full channsl diamater and the
loss is below 50 KW/c;za2 for the mentiomod operation. Ths oathode

arosion was too amall to be moasurable.

Thanke are due to Shri C. Ambasankaran for his ensourage-~

wment and interest in our work.

IV. REFERENCES

1. D. Rogsenthal; Theory of moving sourges of heat and ite appli-
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2. K.,N. Rykaling Computing thormal phonomenon of welding praotice,
Berlin, Varleg Teohnik, 1957.
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the formula for computing the cross section comes out

to be ¢
A(l+) A
BEDGN (1~ gAt) (g Ma _ ém)

where A is the photopeak ared of the gelected gamma ray
in time (ty - tg), -« 1is the internal conversion coeffi-
clent, A 1s the decay constant of the product nucleus,

6 1is the branching ratio for the gamma ray in question,
€ 15 the effective efficiency of the detector includ-
ing the solid angle and self absorption corrections, ¢
is the incident ncutron flux, N 15 the number of irradia-
ted target nucleus. ia—tho—decay—eonatant—oef-the
produed-nuclons and 1t is the duration of irradiation.
By comparision method, the capture eross section for the

reaction in question comes out to be,

AC )Ny (1= &MY (Mt
AtQ+x)NE B (1=t (e Pt _ 7 AW)

~ = om - é"l\g{bi)

vhere the symbols with subseript 1 refers to the

standard reaction., Out of all the quantities entering

in this equation o-,cC,o(y 6and 6y are taken from

the 11toratur02’32 the decay consgt.,nt A is determined

by measuring the half 1ife of product nucleus, N & Ny

are calculated by Mnowing the mass of targets irradiated,

photopeak areas A and Ay are determined experimentallya)

photopeak efficiency €ond€( is taken from eg§1ier woTke
Following the method of Booth et al  we have

also calculated the capture. cross section at 24 keV with

the help of equation,
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oo L ik (e B[ 6y fopema]

whare J g the total sngular momentum of compound
nucleus, I is the spin of target nucleus, Ey 1is the
{ncident neutron energy in eV, ¥ 4z the radietion width,
D is the aversge lavel spocing end b = ﬁ"/zv,(‘;,‘ 3
Vo 1s penetration factor and Tfi 1s the reduced neutron
width, Hare V, is taken to be unity for zaro angular
momentun, The parsmeters I, J, [7, D, En ars tajen
from earlfer works ' The value of thess parametera
wers taken as the average over 81l tre S-ydve resonances,
The contribution due to the p-wive neutron has been aasu-
med to be almost zero ungd the low energy reconince
parareters cn he used 8t K, = 24 keV., For zero spin
target nuclel the average lavel spacing has been taken
to be squal to the observed level spacing whereas for
non zero~gpin target nuclei, the avarage level gpacing
35 taken to be twice of the observed level spacing .

A comparision is made bstween the measured
neutron capture ¢ross section Bnd tne Yneorsticeliy
caleulated ones and is shown below.

Target o~ (mb) o~ {mb) Target o~(mb) o (b}

Nucdleus exp. theo Nucless  exp theo
Bun 4 4% 4 Moy 207 2639
3t pp 2276 127 638 62
1wy 460 943 150, 15 1208

VM, 1218 140 ¥/ 2] B 82 60
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DEEXCITATION PHENOMENA IN PROMPT FISSION FRAGMENTS
Ratna Sarkar and Aparesh Chatterjee

3aha Institute of Nuclear Physics, Calcutta-9

An attempt to treat the fission energy kinetics at the
gcisai~n point from our RGU-PES npproachl reproduced tho ob-
gerved energy relense BR, the fragment excitation energy Ul’
and the kinetic enorgy TF with fair ouccess in 5 nuclaiz.mu
ther 1nprovcments3 of the RGM allow us to siudy (a)the prompt
J-decay processes and (b)the dependence of Ug on the excita-
tion of the fissioning nucleus.

We recall that the quadrupole-monopole interaction en
srgy Eq of the recoiling fragments were assumedl'z to give
rise to E2 type prompt J-rays. we assume here that (1) Eq -
E’?“ where E’;“x in the energy available in prompt f-decay,
and that (11) H?ax is divided into the number ny of cascade
E2 tranoitions of mean emergy By. Assuning the deexcitation

sequence of the proupt fragment Aps to be
n

Apo s Aprw Ay (1)
F
where Vp is the number of prompt neutrons ahead of AF'* fron

which ny J-rays are emitted leaving Api in the ground state.

#de asgume, as is customary,

CEP™ ), =24E)™ 2248, = By By (2)
where B, 1s the mean neutron binding emergy of the fragmenta

The predictions of (E’;ax)avand ny for the 236[1, 2520!‘
fissioning nuz:lei3 agree fairly well with the oxperimental
observations of Jchm'u;on4 and Haier-Leibnitz et al?

Ihe dopendence of UF on the available energy UI of e
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fissioning nucleus I has the remarkable features that (1) the
strong shell atructure effects found in threshold fission in
the fragments seem to be seclectively wiped out gradually with
increasing excitation6 and that (ii) the kinetic energy TF
remain roughly constant (decrease is observed in a few cam
ses); the excess energy thus goes to increase the intrinsic
energy of the system in such a way that higher excess ener-
gies smooth out the variations of fragment intrinsic enegies.
IfAUI is tho excess internal energy of I to be shared
with the excess energiesAUL and IIUH of the light and heavy
fragments L and H, then
AU = AU +AU; . (3)
We recall that the RGM interaction energy SE, really be-
ing a measure of the chaos introduced in’a nuclear system
due to the presence of extracore nucleons, predicts that the
midshell nuclei enjoy a "saturation configuration" in theis
ground states. If Semax is the midshell RGM correction, and
D€ that for a local species, then (5€ x ~ SE)F is a mea-
sure of the lack of saturation of F. We define the energy
partition condition in the fra‘gments to be
AU/ AU, = (8~ o€ )y, / (3€ .~ 8€)y - (4)
Iimiting ourselves to the range 3 < UIS 50 MeV, a sim-
ple statistical treatment with Le Couteur and Lang's appro=
ximation for the mean temperaturs T of evaporated neutrons
gives /T = [d in P(UF)]/ ﬁUF:J,(aF /UF )% . (5)
We have used our calculated ::1--parauneters8 throughout.

The fragment excitations for the threshold fission and

figsion at 11.1 MeV¥ excitation of the 227Ac nucleugs have been
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calculated and compared with thp data of Schmitt and Konece
ny9 of the 226Rmp reaction at 13.0 proton energy. Similar
comparigon has been made for the 234y r1eeton reaction at g,
15, and 18 MeV excitations through the 2330+n reaction data

10, and zmrmot reactionu at 25,7 and

with thermal neutrons
29.5 MeV, respectively. The predictions that “)vF increases
in absolute magnitude, (11) the neutron yleld peak shiftsto
heavier rpass, and (I11) the peak-towvalley ratic of the saw~
tooth yield curve gradually decreases, are all verified ox-

perimentally.
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optical-model potential is intrinsically energy dependent ang

nonlocal. %o that the OMP-'}}DP at the incident nucleon energy [,
may be written ac

Usp (57,77} = Yy (8)9,(¥5%) + LWL(EYG (F577) (1)
where ¥ is the incident nucleon coordinate.

In writing ea.(1) it has of courre been assumed that the form
faclors of the potential are independent of E. This seems justifi
ed beceuce in phenomenological analyses geometrical parameters of
the potential ‘are found to vary little over a wide energy range.

If following Perey and Bucks, we also assume that the non~
local nature of the potential may be described by taking the

form factors:
-S/Sv —-5/8w

30T = £ » 9,(7)=4, ® ramy (2)

s={¥-7l
where ID (T"'Y )/2’ and &v and 8w are respectively the non-

locality parameters of the real and imaginary parts, we obtain
for the equivalent local optical-model potential - (V+iW) the
expression ‘
. —oly(E4V+LW) ~0ty (EAVHIW)
VW= (E)fE ¥ LW (e (3)
2

withoy=m6v /2 2and cly= ™ SW /24’\2; m is the nucleon mass. Since the
quantities oy and Aw are quite smallt and in the low energy

region under consideration W is also small, we obtain from eq.(3)

—oly (E+V(E,T))

e)f 0)e
W(E,v) = PCE) In TAEFV(ET)

I+0oly V), e;v)e

where V,, (&5v)= Wy (E)f, (V)
III. DISCUSSION . » o
It follows from ref.4) that because of the dispersion relation

(4)

'|r,.L(E)é—°"'E andV(E) are essentially constant near zero energy. S0 ‘

that the energy dependence ofW(E,‘f)isEgiven by eq. (4) is egsenti-

ally determined by the factorwN(E)E " in the numerator.
Basic theories predict thatWy(E)is proportional to the st

sd
density of the target nucleurl), so thai wWigis expected to increa
is a decreasing function of

ate

rapidly with E. On the other hande

+ Perey and BuckS) used Sv—8w=.85 fm. This gives Olye= Olw =
,008 MaV ™ ~, For Sw = 1.2 fm, Ow =,017 MeV

t
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E. Thue the enerty dependence ofWifis weak corpared to that of
we(E) « Thio clearly shows that the phreieal a-gureet txat the mag~
nitude of the {maginary poteniial increarer vitlr thre rurder of
abrorbing channels,and, therefore,with wrew@ ¥rolife were 2pprep-
riatoly to the nonlecal imarimary potevtal ~-hrw ez to the
1ocal imaginary potential depth, the evg=x mror= £ode 27 which
1n in fapt oomewhit reduced due to ik =~I~Tl.if.

How in the low energy region B{IY .g F-zmd T2 2T sove sorit.
ive slope, wa, therefore, have {re-dWmIRy ttr smidzee

dW(E)/LE X R LE? (s}

Next we discuss the radial dirizs‘Ti.z~ t7WETIEr given ty

eg, {4). e, do this for E = 0 23~ o=

the arguments of various guastitier. Yoo sirTTIY WP 21S c.tvepes

the cecond term {which is e=all pomuooes 5o =TT AT the Zeso oo
ator in eq. (4} the effect of sizb 3 7, m—wvrewv, *¢ ~_gourea-

1ater, He thus write eq. (&) =c

Nie) 2 W S T !
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gurfece peaking in the (local) imaginary potential.
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STUDY OF (p,p') AND {p,n) REACTIONS IN Be?
J. Mahalanabis
Saha Institute of Nuclear Physics, Calcutta-9

ABSTRACT

We have calculated the cross-sections for (p, p') and (p, n)
reactions in 9Be at medium energles, leading to excitation of the
2,43 MeV state (5/2) In Be? and ground state of 9B (1sobaric analouge
atate), respectively. The results are compared with the available
experimental data, It i# eecn that better fit is obtained with Wilkinson*

wavefunction rather than the oscillator wavefunction,
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ELASTIC AND INELASTIO SCATTERING CROSS-SECTIONG OF
CHROMIUN, IRON AND NICKEL

S.B, CARG and B.P, RASTOOT

Reantor Engineering Division
Ehavhs Atomio Ressxrch Centre, Bombday-85.

I. INTRODOCTION

Chromiuz, iron and nickel are ithe eain aonstiiuents of
ateinlens steal vhioh is comionly used am & etruatural and canning
raterial in fast power resotors. In a typical fast reastor the
content of stainless steel varies from 25% to 30% of the core
voluze, Though chromfus, iron and nickel are poor moderators, yst
they sre good enmough to degrade the speotrum by elastic end inslastio
ocollisims in fast systems, It fa, therefore, imperative to have the
oorrect sstimate of their elastioc and inelastic soattéring cross-
seotions,

The measured information on these cross-geotions is rarely

available throughout the entirs energy range 1,0 - 10,0 MeV. Thus

the only way of ting suitabl b is to interpclate o
axtrapalate batween the pmasured points. Qrtioal and statistical
modely ave two such tools that yrovide a neans of extrapolation and
interpolation.

In opticel model analyeis phase shifis are correcily
aaloulated by fitting the tally d elastic

cross-seotions and their angular distritutions, This is achisved by
finding s suitable p al which approxi ly ty the
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interaotion between the projeotile and tho target. Suwch a potential
aonsists of two parts - the real ani the imaginary, The real part
of the potential acoounts for the refraction of the incident
particles through the targot nucleus and gives the potential
soattering or shape elastio oross-section. The imaginary part of
the potential accounts for the absarption of the incident partioles
in the target nucleus and gives the oross-seotion for the compound
nuoleus formation. Tho subsequent decey of the compound nucleus
leads to the split of the reaction or oompound nucleus formation
oross-gection into compound elastic and inelastio scattering oross-
peotions. The total ocross-section is obtained by adding the shape
elastio and the reaction oross-seoctions,

In the present study the real and the imaginary parts of the
potential have been determined by fitting the measured elastic
soattering crose-gections and their angular distributions wherever
such information was available in the energy range 1.0 - 10.0 MeV.
Saxon form has been used for the real part and the Gaussian form

for the imaginary part.
II. THE X° CRITERION

The quantity x2 is defined as

calle &
X =7, i?w;(a;lf o;%)z-k—,'\-r.)z‘wd@%— - alc'f#) j
™~
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Where the 1sfi inner sun is taken over the quaniities shich
are not angular distritutionn and the right inner sun i taken gver
those quantities which are angular distributions; and the g , W)
ars the weights,

There are six parameters of the optical model potential,
nazely, U,F,r,a,b and 7'0‘ In the oaloulstions a search of thess
parameters iw made Yy varying them in such a way that s minfmum

value of zz 1s obtained. A aonp AUTQ way edapted for

use on CIC~3600 to do the automatio mearch ani sean of these
paranstsrs, This program allows the simulteneous variation of five
parameters, In this study the ssarch in limited 20 U, Wand ¥
only. Vlo is fixed at roro valus winoce no stiempt 1s mde to fit
the polarization messurements - the data being not availadle. The

valvep of a and b are fixsd at 0.65 and 0.45 respectively,

The ¥ AUTO 43 coupled to

ABACUS shich is bamed on the optioal and Hauser - Feahbach modela,

IIX. CAICULATIONS

The optical model parawsters for chromjun have been cbiained
by fitting the messured elastic angular dlatribvutions at 0.99 and
2.35 XeV. Abgve 2,33 MeV only the slastio scattoring oross-sectiom

have been fitted, The exciiation eross-sestions have been
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STATVS OF 2’9&' CAPTURE 70 FISSION CROSI-SECTION RAITO HEASURE NTS

B. P. Rastorl and S. K. Bvpdd)
Bhabha Atoafic Research Centre, Bomday €5

Introduction

The capture to fisslon rstio (X) ia v WV enag funge 12 az
inportant muclear phyaics paraceter for iw Jehagme Ioreding rotertisl
and econozica of large fact reactors. Ianvv [ILr Yoxt Jerrtore heve &
neutron spectruz which im degreded ezt = YT Impmlicast sbexrriions
in the fissile elerent in the re¥ yasre. v 3y oslexlr ttpe of
syatans having upprociable asounts of i@ mxtrmiels £r cove somrdltuents
¢.g. ateaxm cooled fast resctora.

In this paper the stetus of toe mecmowow—y = Sagion o crpiive
cros-section ratio of Pu-279 (€€ =272) 2z tue Tev sxpy Ze revieres,

Unkil 2967 capture to fiseioz retis widaer o 0T (X270 ) ueet
were moatly tased on neasurecezts rade o wiZ-Tifew = eeriicr, In
Tast Reactor Physics Syzposius i 17 22 Asr =ow smerureserts of ¢loe
1p Yoy range report by Schombery et £ L we~ Ix % everree el
1.8 timea highar tian the sveilezle wilues.

For a 2000 1itre Sodimn eocled sore e 7oyl =27 20z 97 previLty
gain dus to thio chaoge 12 elpe vl v som 70 2 v 1720y o, pr
about 408 for carbide fuel, effestic, 2o Zom% o TIUGE VY ALy
For the steam cooled reastor fue trertior £ 2 winut Caamed v e .
has heen estimated that for e- it o e L0 2L e zr g
the uncertalntty 1n € shmdls B¢ Semr 2z o #2,

An the change iz o200 rursmeier Rl P d
would groatly affect %ar bvewdioe grfsmmys oo YA T e L
& lot of effort hae deem .t r weimir P ssarh o4
Aifferential and Aoterml seoe e, 2 L, Lt s wrp
laboratorzes,

¢ e

2ifferential i eoe repenee

Values of oLa705 et v Tk s, U, meie o pazen T

1180100 CTODBBEA L ST & tsiticm $ sk mwih ot 1p7 P -
Bections Wity & £ islic Itlvie ke Yur, 7y smmpiroET™ —

the enerzy xiuee Srum 2 & 3o Zav,
rerticularly above 27 L yyurse 4o pmomir
YElueE, £32 tup acvmriaent

T Wy b
viThe

DTt Bler sk et
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Ryabov et al (2) have measured o0 -239 in the energy r—ange hbetween
Sov and 20 KeV on the Pulsed Reactor IBR using TOF and cadmium loaded
scintillation detector. Capture and fission gomma rays were different-
iated by the delayed coincidence due to fission neutron capture in cad-
miun giving a gamma cascade with 9,2 keV energy. Value.ae reported are
higher than Schoemberg's measurements in the .1 to 1 KeV range and lower
than prevalent values between 2 and 20 KeV. Due to limited energy
resolution in the KeV range this experiment is useful only for the sub-
KeV energies.

Ceirr (3) used Pu metal foils with a one litre scintillation detector:
for fisgsion and capture events. Pulse shape discrimination was used for
distinguishing between the two. IUF method waos used for enersy detemina-’
tion and energy range of 1 to 10 KeV was covered. )

Gwin et al (4) measured ¢ -239 over the neutron energy range 0.02 eV
to 30 KeV. Neutrons from a pulsed source impinged on Pu-239 sample in the
centre of a large scintillator which detected prompt gammas from fission
and capture. For fission event detection a Pu-239 ionization chamber
was used for the lower energy part, at higher energies metal folls of
Pu-239 were used and the difference in pulse height distributions of
fission‘and capture gammas was used. Valuee from these measurements lie
between ENDF/B and Shoemberg measurements.

Table I shows & comparison of the results of various measurements.

Integral lleasurements

Integral measurements can provide a check on the accuracy of the
differential data by comparing the spectrum averaged values from integral
experiments with calculations based on the differential data.

Sehgul et al (5) uved an under-moderated Pudl-D,0 lattice with
varying amounts of Boron poison. A comparison of calculated and measured
reactivities for different poisoning shoved qualitatively that ¢&0-239
should be about 1.5 times higher than the EiDF/B values.

Bretcher et a1 (6) measured alpha in Assembly 24 of ZFPR-9 (median
fission energy 13 Kev) by reactivity-resction rate technique. Experiment-
al values of O -239 with Ii-~6 and U-238 (with & -238 obtained radiochem-
ically) as reference absorbers were .497 and .525 ;cespectively. Baged on
EiDF/B data and a recently evaluated set (9) the calculated values are -
0.352, and 0.597 respectively.

Iskenderian (7) made measurements of o(~239 on EBWR in the epicadmium
energy range. In EBWR about 20% of the epicadmium fissions and captures
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taks place iu the range of .1 to 100 KeV. He found good agreement with
EIDF/B caleulntions ard found thet increseing o in the .1 to 100KeY
8n0rgy runge by 50%, increasa in eplcadnium alpha 18 8% In view of poor
vensltivity, this experivent it of limited vulue in reaclving the £-233
value in XeV range.

Integral sessurerent of o239 way tnde by Amderson et ol (10) in
FHO eritical fecility in cores 5 and 8 wath modiun U-235 fiuvsion energy
of 50 and 180 kuY respoctively. Core 5 wus made to eimulate a steax cool=
ed famt reactor. Renctivity-Reiction Rate mothod wue used with B-10 as
the reforence absorber. Theorotical celculations based on eross-section
syt with 6£=233 higher than the prevalent values in ihe energy range by
about 300 are compared with the experimontally deduced ¢£-239 in the
table given below. Jur comparison data the results for U-235, for which
the capture to fission ratic data ie much better known are aleo given,

Muelide Asgeably Experirzental Calculated
Pu-239 ] 0.42 + .05 0.36
8 0.17 + .07 0,20
235 13 0,43 + .04 0.32
8 0.24 ¥ .05 0.5

1t 40 ween that for the eoft spectrua core 5, aven for U-235 (test of
experimental aceuracy) the agrecment is poor.

AMdanson et a1 {11) used the sane method and same samples as thoae
used by Andesson et 21, for measurezents in Zebra core 6, 2 core of 247
1itres stemlating FuC fuel, Erperimental and calculnted (using FD2 cross-
section pet) ©0~239 valuen were 0.36 4 .09 and 0.23 respectively.

T111 ot a1 (8) used the null reactivity zoned ascembly (FCTR) tech-
nique on ZPR-I1I assembly 55 (M fuelled with 28.5% flux below 25 KeV)
and ZPR-VI asseobly 24-A {U235 fuelled with 8.4 em radius Fu zone). With
X ue of unity for ths mull reactivity zone, total fisgion source ia equated
to total absorption in gone to get alrha. The meaoured mnd caleulated
alpha valuea based on different differential measurements are shown below.
Aleo shown for assembly 55 (ZFR-IIT) 18 calculsion of ¢£-239 bezed on the
evaluated set (9).

Assembly  Experiment EUDF/B Gwin Schoembers Kapil evalusted (9)

244 420+ .05 3193 14206 5423
55 426 & 03 2920 L3947 .4940 #4565
Conelusion

There 15 a fair amount of divergence exong the differentisl measure-
ments of the capture to fissfon ratio of Pu-239 in the range 100 eV to
20 BeV, But it can be said that the value of this ratio 16 higher than
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the values used earlier as well as EHDF/B dats and the ratio is lower than
the data of Bchoemberg et al over most of the energy range considered. * Of
the differential measurements so far, the values obtained by Gwin et al
Beom to be the best set. '

Many integral experiments have sensitivities which only point to the
above two qualitative conclusions and very few of them are useful in choos
ing values of & ~239 on a quantitative bssis. The present situation may
be summarised by the results of & recent comparison of calculations for a
2500 litre sodium cooled Pu0, fuelled reactor using the best eatinates of
data available at various laboratories of the world. The calculated
% 239 values ranged from 0,251 to 0.334.

Table I
Energy KeV Gwin Ryabov Ceiry Schoemberg
ol - 02 ' 0194 1.10 0096
22 = .3 0.95 1.26 0.92
3.4 1.20 3 1.45
-4 - 05 0-47 0075
5 =~ .6 0.72 0.64
a6 - o? 1.83 1‘977 2!09
17T ~ .8 0.95 1.38
8 - 9 0.96 1.25
09 - l 0.67 ~ 0'97
1l -2 0.92 0.79 0.74 1.06
2~ 3 1.18 ‘!' 0080 1030
3 bl 4 0:88 0066 1-19
4 - S 0084 I 0068 1013
5 -6 0.83 0.36 0.68 1.19
6 - 7 0-79 0070 1033
7 -8 0.60 0.51 0.96
8 -9 0.43 0.46 0.73
9 - 10 0052 Y 0150 1005
10 - 15 0.44 T 1.00
15 - 20 0.32 0.35 0.82
20 - 30 0.27 0465
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NEUTRON DISTRIBUTION IN NICLEX
FROM ISOBARIC ANALOGUE STATIS

M. Murthy
Depexrtment of Fhysica
Indien Institute of Technology, Kanpur~16

I. INTRODUCTION

The parcmeters describing the charge dietribuiisne
of the protons in the nucleus, have been obtained with ever
increasing accuracy from experiments on electron scattering
end muonic x-rays(”. The information on neutron distri-
bution is, however, very much less detailed. Bathe and
Sienenn(z) heve employed the Fermi model for the nucleus
and have found thet the half density radius for the nentros
distridution is only about 0.1 fm less than that of the
pratone. In this peper, we have used the method of Folen
at 51(3) whe suggeated that the displacement energles bet—
ween isobaric anslogue atates could be used along with the
accurately determined charge radii te entract information
about the radiel distridutione of neutrons in nuclef.

2. Deteils of Celculations

It can be eapily shown that the energy shift between
1sobaric anslogue states is ceused only by the chergs
dependent pert of the nuclesr Hemiltonian. We have consi~
dered the energy shift due to the following charge dspend~
ent perturbationss~ () the neuiron-proton mase difference,
{b) the Coulomb interection, (c) the electromagnetic spin-
orbit intetactio‘x and (4) the charge dependenceof the
specifically nuclear forces. We then have the experimentally
lmuwn(%isplacemenc energles (&fter teking the u-p mmss aif-

ference into account) given by
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monents of the neutron und proton. This results in the
neutron end proton experiencing different forces while
moving through the eleotromngnetic fleld generated by the

other nuclecns- The expresaion }ar apin-orbit perturbation

Hyoo = h T P o) i ; .—j‘?ilu).su)';u)
=1
from which the energy shirthf = con ve calculated.
(111) Charge dependence of the epecifically nuclear forges.
¥e have used the general form for the charge dependent

nucleon-nucleon interaction given by
Bq = Virgg | (T F0r,(0) +7,090)
Hars F0). Py 7,000 § 7. Tl

The charge dependent parameters p,q, r and s have been
deternined eurlier@fmm a least squares analysisg. Thus the

energy shift Ag.d. can be evaluated.

3« RISULTS
The experimental displacement energies used are

313" 2. 268 1ev ana B0-18* = 3.522 nev

Calculations have been made both with harmonic oscillator
and Woode-Sexan wave functions and the results are glven
in the Table I. Thus in order to compensate for the
corrections and reach an rgreement with the experimental
values of the displacement emergles, the direct term hee
to be increased which is done by adjusting the radius of
the neutron excess distribution. Gur calculetions show that
the radius of the neutron distribution is not likely to flX
wuch outside that for the protons. The present model indic~

ates that displocement cnergies between ise
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TABLE T
Determinution of parameters of neutron distribution

(a) From harmonic oscillator char
wave functions ge dietribution and

Jstimates of different contri- Root mean squar
tutions to displacement energy (gm) i
(in 1eV)
Coulomb
E interactionw o {
g a o -3 }:l' g
3 =
5 5 2 rE N a5 84 | 83
B +> Qo W o 0.0 Mo Y]
e | 8 | 8% | g% | 8% £° ) 8
oW o] =
8 g dg é:w [ 2T o 0 o N
o (SIS Zwno| =
508 |2 S| 8| 4 2
R i ®
130 [3.935]-0.251 |-0.058 |~0.103 ]2.32 | 2.39 | 2.35
180 [4.471 [ ~0.386 |-0.089 [-0.201 |2.77 | 3.15 | 2.85

(b) From Fermi charge distridbution and Voods-Saxon
Wave functions

-

133 3.659 “0-228 "00064 "'00099 2-32 2.55 2!41
180 40278 "0'329 "00068 "00164 2077 3035 2'93

states are useful in probing deteiled differences in

nuclear structure.
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COMPARIGOX OF THE CHITNIFUGAT STACTCHING MODEL
A'D THE VARTARLE MOV'INT 0¥ INERTIA !ODIL

P.C. Sovd
Physics Department, Banaras Hindu Untversity, Varanasi-5.

We had pmposed(n & simple version of tihs
cantrifugsl stretehinr nodel { €S model ) for the
phenomenological description of the rotational soguence
of low lyinc levels in various nuclei., Recently enother
modely cnlled the variable moment of inortia (V¥I) nodel,
has been suggested(e) for this purposc. In the follow-
ing we compare thage two models both with regard to
their physical &ssumptions ag well as their mathematieal
formulationg and commént on the festurgs revealed
through such a compard son.

In the CS model the hydrodynamical coheept of
aqsuning the noment of 1nertia3 being proportional to
ge (where gmpresents tha nuclear deformation) is
adopted ond the cquilibriwn defomration f, 1s
ohtained by minimizing the enersy with respect to the
varlableP » In the W'T model, on the other hand, J
is agsumed proportional to p and t’ren.‘ 1tself ix
regarded ag the varioble with resoect to which the
energy 1a rinimized to deterzine tro ejxilidsin

{*groung state') value !o- In both zedsls w2t Ir

of the roment of drertin Jyp 2nd 2 @ o3 &7 pame?
tric equations for th level ergr—ire Zr. IrlTr

cozpare these relatiens,
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The I-dependence of the moment of inertia in
the VMI model is given (vide their eq.(7) ) ag
go /\qI = 1— uu‘gll feoeo (1)
20.91 )

which can be rewritten as
Zé“l’ (91/3 {(91/30)4} N ¢

The corresponding relation of CS model (vide their

0q.(6) is jr N |
! /30 - (l—v>2— soeecee (3)

Using eq.(3) we get (l V)-?. q

3'2(31/50 )"{(31/30)—1} = «zo-w“

t4ave Q-1

2 (1-v)4
v to the first Ol‘der ssnave (4)
(-v)H
which, according to eq. (9) of CS model, is
= I (Q+13) (5)
D

Thus from eqs.(2), (4) anad (5) above we see that the
I-dependence of the moment of inertia is same in the
first order in both the models under the correspondence

of the respective parameters given by the relation

3
D=4Cjo = -2- eese o (6)
T
gimilarly one may compare the expression for

the energy from the CS model (vide their eq.(7) )

p=B 1@+ (- VL4V cees (D

5

with the corresponding expression of the WI model
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(vide their oq,(16) )

P.Ich,'I(I+1) (3:1-1),!,__:3;(/3 (8
=, —é-;x?-— T e

liow we may write

Gnt oy () b1}
Co 1) e - )

which, with substitution from eg. (3) avove, becomes
2
= L -vi*f 3= 0-v0]
1 (\'—V)z{ 3-1 +2V + O(Vz)}
3

x G-y bofeskordr
thug establishing the equivalence of eqa.(?) and (8)
in the first order.

In view of this first order equivalence of the
basie equations of the two models, their predictions
will not differ significantly for well deformed and
noderetely deformed nuclel thus resulting in the
similar agrecment with the experiment for these casesg.
Furthar the smooth trensition from the deformed reglon
to nearly spherical structure so well brought out (a)
by the CS model 1s 8lgo 1n evidenca’® In the WI mogel.
Howaver the €S madel 1s somewhat hetter off than the
WI model an two important points. The first point
1g that while the validity of WI nodel, holds only for
energy ratlo Ey/Ep 2 2.23, the CS mod val  right
upto the vibrational limit value of T8y
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ratlo. The second point is that while in the WMI model

a physical meaning for their parameter g has been

sought rather unsuccessfully by looking for 1ts un-

defined correlation with B(EZ) ratios, the correspond-

ing parameter D of the CS model has been shown(4) to

have a well-defined relationship with the {3-vibrationa1

energies.

x.
2e

3Se
4,
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AN BFFECTIVE A -N INTERACTION

Fawzia Hasan, M.Z, Rahman Khan and Q,N, Usmani
Department of Physies, Aligarh Muslim University, Aligarh,

In the present work we aim to determine an
effoctive A N potential for the relative s- and p-
states assuming a ahell model description of the system
with the A -particle and the nucleons moving in the same
harmonic oscillator well for a given hypernucleus, We
assume the nucleon cors as remaining unchanged by the
precence of the A -particle, This allows us to take the
sama oscillatnr frequency for the core and the hyper-
mtelens, We take into account the variation of the
oscillintor frequency with mass number, This is sccomp-
1i8hnd by fiting the harmonirc oscillator frequency from
the root mean square radil of the core nuclei as determined
from electron scattering, We also take into account the
centres of mams energy by subtracting the kinetic energy
operator for the centre of mass motion from the core and

hyvernuclear familtonians,

The A -V interaction is taken as a central, two-
body charge independent potential, No specific shape has
been Asanmad for the interaction, Following & procedurs
due to Mouhinskyi, we expand i1t in terms of a series of
velocity dependent potentials in increasing powers of the
momentum, but all of zero range, The coefficients of the
terms in this series are the successive moments of the
potential, Since the A -N force is short range we retain

only the tirst two terms of the series . . ra
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and hicher momantas to bHe neglipgible,

Wo assumo tha hypernuclear spin to be ‘JN-i/zl,
with JN being the ground state spin of the core nucleus,
In the shell model picture, this corredponds to the case
whnon the sinrlet interncti{on is more attractive than the

triplet?,

Asgnuming a j-j coupline scheme for the nucleons
and the A-particle the A -binding energy BA is expressible
in terms of the four A -N relative matrix elements
<P1‘V51 [n1) , where n 15 the harmonic oscillator radial
nuantum number, 1 18 the relative orbital angular momentum
and 8 can he 0 and 1 corresponding to the singlet and
triplet interaction regpectively. The separation into
relative and contre of mass wave functions is done with

the Smirnov trnnsformution3 for particles of unequal mags.

The four relative matrix elements can be expressed
in terms of six parameters, the first two moments of the
potentin; and the singlet and triplet potential depths in
the relative s- and p- states., These parameters are
determined by a least squares fit to the experimental
A -hinding energy data. Initially we assume charge-

independence, so the A -binding energies of mirror nuclei

were averaged, Also the oscillator frequencies were taken

to be the same for nuclel of the same jnass number-. For

3 6 9 9
various reasons the hypernuclei AF ,AHe ,Api ’ andhpe

were not included in the present analysis, but we hope to

inelude them in future.



=649~

In the Table we display the A-binding energies
an ohtnined trom our analysia along with their experi-

montal vnluen“. The least square value is 0.6,

B (exp) B((cn;)

Hypernucleus (Mev Mov
nt 2,205 2,278
wet 2,208 2.218
me® 3,08 3.111
e’ 4.79 5.090
17 5.57 5,208
Be’ 4.79 5,099
L 6.815 6,696
ne® 6.815 6,696
a0 8,62 9,134
it 10,18 10. 266
nl2 11.10 10,781
cl? 10.54 10,536

The effect of charge- aymmetry breaking was also taken

into account and was found to be small.

In the ahove analysis of the s- and p- shell
hypernncled the gecond moment was found to be a 1lttle
large than the first, Since the least square value
obtagned {s very small it may be hoped that the introduc-
tton of the third moment would not make much difference to
the f1t, It can, therefore, be concluded that the third
and higher moments are negligibly small, The largeness of
the second moment, with the third and fourth noments taken
to h% zero can be reproduced by an effective interaction

which changes sign near the origin. This is alsa



nhnrnctﬂrintic featnre of the Volkov6 effective inter.

notion in the harmonic oacilliator basis,

The notnntinl depths obtained were larger then
thoan obtnined in earlier anslysis, However, the values
of the volume inteprals are roughly the same. The p-
rntatn Aepths were found to he large and repulsive in

contradiction to earlfer gualitative ana1ysis7.

In future we intend to carry out a more detailed

analysis in the same snirit ag the one mentioned above,

REFERENCES

{. M. Moshinaky, Nucl. Phys, B8 (1958) 19,

R,M, Dalitz, Nuclear Interactions of the Hyperons,
p. 24. Oxford University Press, 1965,

1. M.M, Bakri, Nncl. Phys. 96A (1967) 115,
4. M. Bauten et al, Nuc. Phys, 100A (1967) 90,

5. G. Dohm et al,, Nucl, Phys, B4 (1968) 511;
G. Rohm et al,, Nucl, Phys. Bi2 (1969) 1.

§. W.1., Bassichis and A, Gal, Phys. Rev. 1C {1970) 28.

7. R.C. Werndon, Y,C. Tang dnd E.,W. Schmid, Phys. Rev,
159 (1967) B53.



~651-

AN EFFECTIVE ANUCLEON INTERACTION

Fawszia Hasan and M. Z, Rohman Khan
Department of Phyaies, Allgarh Muslim University, Aligach

ABSTRACT

A phenomenologicsl study of the effective two-body A-N
interaction i made from the binding-energy data of the 8- and p- shail
hypernuclel within the framework of the shell-model, The A-N inter~

sction i taken ae central and spin~dependent. The radial part of the

int, fon has been ded in terms of & series, the coefficients of

which are the tve ts of the p tizl. The binding-energy

is e'xpruud in terms of six independent parameters: the first two
moments and the singlet and triplet potential depths. In the relative s-
and p~ states. These parameters are determined by » least square fit
to the experimental data. A good fit is obtained. The effect of charge-
symmetry breaking has also been taken into account and 1s found to be

amall,
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EFFECT OF RESCATTERING ON THE ABSORPTION OF
FREE PIONS IN COMPLEX NUCLEI

R.S. Kaushal
Physics Devartmefit, Indian Institute of Technology, Kanpur

ABSTRACT

The rescattering process 1s known to make important contri-
butions to the nuclear ab'eorption of bound p\iona with two-nucleon
emiseion and to the radiative capture of plons., Here we calculate
the rescattering corrections to the nuclear absorption of free pions
with single-nucleon emission in perturbation theory. As the contri-
bution of incoherent rescattering is expected to be small the calcu-
lations are made only for coherent rescattering under some simpli-
fying assumptions. The results are applied for pion absorption in

12C nucleus.
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STATES OF 8Be
PROM THE ANALYSIS OF 7L1(p,J~) 4o REACTION DATA

K. Kunar
Phyeice Department, Indian Instituts of Technology, Kanpur
and  P.C.Barker

Rosearch School of Physionl Sciences,
The Australian National University, Canberra

I, IRTROIUCIION

The 7m(p,&)4ﬂe renotion goes through the formation
of the “Be compound nucleus and ito enslysie gives
information about the oeemitting (even opin and positive
parity] atates of Bne lying in the region of 20 MeV
excitation cmergies. The differentiml croes-sections of
thios reaction, using both polarized 1,2 and
unpolarized ~® beams of protonn, have boen messured uptd
energlies, Ep. of about 12 MeV for incident protons. Most
of the experimental data obtained in these astudies are
consistent except for the measurementn of abaolute
oross-section of this reaction. The total eross-gection
curve of this reaction peems to be dominated by two peaks
1ying at EP = 3.0 and 5.6 MeV. To determine the
propertien of levela contridbuting to these two peaks,
many theoretical analypes have been attempted 6-3 , but
none of them appears to be adequate enough to explain all
the experimental dsta over a long energy range, sud the
results from theso analyses are not coneistent with each
othor. Furthermore, mome of the analyges auffer from the
uge of a formula having sign orrors(m). Thus in view of
‘all theee, we have attempted to analyse the data of thie
reaction upto B = 7 MeV, and have attempted to obiain
consistency with o+ elastic scattering data, and to
asame oxtent the Gm(d,l.)4ﬂe reaction data.

IT. YETHOD OF ANALYSIS

The general expreseion for the differentisl cross-
section of & reaction initiated by a polarized be of
particles hes been taken from the revie cl
Helton 1L ; and has been reduced to t
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EFFECT OF RESCATTERING ON THE ABSORPTION OF
FREE PIONS IN COMPLEX NUCLEI

R.S. Kaushal
Physics Devartmeht, Indian Institute of Technology, Kanpur

ABSTRACT

The rescattering process is known to make important contri-
butions to the nuclear ab‘sorption of bound pions with two-nucleon
emission and to the radiative capture of pions. Here we calcialate
the rescattering corrections to the nuclear absorption of free pions
with single-nucleon emission in perturbation theory. As the contri-
bution of incoherent rescattering is expected to be small the calcu-
latione are made only for coherent rescattering under some simpli-

fying assumptions. The results are applied for plon absorption in

12C nucleus,
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STATES OF CBe .
FRQY THE ANALYSIS OF TIi(p,4)*He REACTION DATA

N.Eumer
Phyoics Department, Indlan Instituts of Tsechnology, Eanpur

and  P.C.Boarkex
Research School of Phyeical Seclences,
The Australian Natiopod University, Canberrn

1. IRTRODUCIION

The 71.1(;»,-&)459 renotion goes through the formatioxn
of the "Be compound macleus and ite snalysis gives
information about the oL-emitting (even opin and positive
parity} states of B_Bo lying in the region of 20 MoV
exeltation energice. The differential crosa-sectlons of
this resction, using both pol&rized(l'z) oand
unpolarized *4) peans of protons, have been reasured upis
energlen, I)P, of avout 12 MeV for incident protons. Xost
of the experimental data obitaiped in thesas stuliez exe
consiatent except for the measurezents of atesiute
oroso-pection of this reaction. The ioizl crows-esciizz
curve of thim reaction veems to de doninnted ty 4wo perke
lying et E_ = 3.0 and 5.6 ¥e¥. To determine tke
yropersiea of levels contributing to these two peck=,
many theoretical analypes have been ntte:ytei(&g), o
none of thenm sppears to be adequate enough o exzleiy 231
the experimental date over & long emergy renre, £2f 4oe
Temulin from these ennlyses are not consietest wiic sen:
othor, Furthermore, nome of the aualyess eutfer rm 2o
use of a formula having pign enora(m’. Thnp Ky Ly we
all these n -
'reactio: l'zp:: :23 "’: ?t;::”:;dt;wlfec R Lete

] e &tiexyrel g 2
consistency with L+ elastic &

some oxtent the 61,1( d,-L)‘Bo reactien Zpty,

II. METHOD OF AVALYSIS

A S SRR 0A0

i

¥

i

CR¥terivy Lets, =

3
™
3

b

The geneyal éxprassion for e £ES T prpry o
section of 8 resction initietes tre -M“ e
particles hes been t .
el tont 3

LRI e e et
aken £re2 4%e xprier [ I8 S
3 end ham been redusel 3o = e

28l % i amrew
TP ATPOr B Do



Zzz ;ot:i :::a;;eootion,a‘tot, and the coeffioients 4

L gendre polynomiasls in the expansions
of the polarization efficiency and the angular
distribution of a reaction 1 » The reaction matrix
elements appearing in those expressions have been then
oxpressed in terme of the energy independent level
parameters a,, B,, E, and Yso DY using the multi-level
R-matrix theory ae reviewed by Lane and Thomae(lz). Fo3
& particular channel c, a, and B, denote the channel
radius and the boundry condition parameter; while for a
partioular level A, E, and Yo etend for the eigenenex
and the reduced width amplitude respectively. The cham
index ¢ designates the channel gquantum numbersd&LS, whe:

£ denotes the channel in gquestion (in subsequent

discuseion we use the index p for the ingoing 7Li+p
channel, and o for the outgoing L+« channel), £ the
relative orbital angular momeptum in the channel, and S
the channel spin formed by the vector addition of the
intrinsic spins of the channel particles. (For the
outgoing AL +& channel, we need not specify L and s
values, as S is glways equsl to zero, and £ 18 automatic
ally determined once the spin J of the compound state it
specified.)

L

To include very approximately the contribution
from the levels not included explicitly, we use &+
elastic scattering data(l3), assuming that imaginary
parts of the phase shifts and sharp changes in the real
parte may be attributed to levels being inecluded explicl
ly; while the general trends of the real parts arise due
to the other neardy levels. Further, to include approx.
the contribution from the competing channels (i.e. all
other possible channels except the ingoing 7Ii+p and the
outgoing o + £ channels), we assume that the whole
contribution from the competing channels comes from the
7Li*+p, 7Be+n: and ’ Be*+n channels, and from p-wave
nucleons alone. Since the reduced width amplitudes for

the 7Be+n and 7Be*+n channels are taken to be the same,
. - e s A 7T.’i:*.;.n rhannels
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the 7Bun and Tpe"+n cnomnels,
For & fixed sot of values of a, and B, and for a
fixed number of levelp of definite spin J, fit to the

data are obtained by varying E, &and Yie 121 8 minimum
in X* 1o achieved.,

YII. PITTING_FROCEDURE AND RESULTS

In the energy region under consideration, results
obtained from the analysis of the TIi(p,d)*He remotion
data nre expectod to bo consiotent with those from related
renctions, such as the A+dk elestioc scattering and the
sn(ﬂ.d)"ﬁe reactions, Darriuln.tu:’) hns extractod
conplex phase ohifts from the observed AL+«L scattering
crogss-gectiona, About 20 MeV excitation energien, Ex,iu
“Be, the energy dependences of thase phage shifte suggesi
the presence of O levels naar 20 and 23 MeV; 2% lovels
at 16.6, 16,9, 19.9 and 22,2 ¥eV; and o 4% level near
19,8 MeV, 1In the last few years, the m(d,.()4}1e reaotion
data obtained dy using unpolarized beans of deutrons have
alao been spelysed by two different groups of workex-u”'u').
The studlies of these authors seem to indicate the presence
of 2* lovels at E_ = 22.5 and 25 NeV; and a OF or a 47
level somovhere in between these two 2* levels, Recent
sbell model colculaticne by one of ua(ls) including only
the atates of the lowest configurntion, snd in which the
matrix elenents of the effective interaction have been
deterndned by fitting the excitation enorzies mnd othor
vroperties of levels in the nuclei of masa nunber 6 to 9,
rredict the even spin, +ve perity and T=0 staten of 880
at roughly the same excitation emergles at which they are
suggented by the L+4 oecattering phase ohifts and the

14(a,4) data. Then 1f the 2% atates are noeuned o be
the nain contributing factor to the data of this resction
a8 indiceted by the previoua analyacn(e'” of this”
:;n::tozg;i ‘(t!;ei) 5::: ncattering phase shifts, the snalyees

" 6 and the shell nodel caleulaticas

indicate that the main contribution to the data of thie
reaction upto By = 7 MoV may come froz 2* lerels Iyiry

8% Ey = 16.6, 6.9, 19,9 and 22.2 ¥eT 1n Bze, gt o



TABLE I

Level parametera for etates of 8Be obtained from best
Tite to “the Li(p,x) He reaction data upto E_ = 7 MeV.
Eigenenergies are in IfeV, while the reduced width

ampllitudes are in bevt. Reduced widths denoted th'

»pLs
0 0 2 2 2 2
19.7 21.7 | 15.8 20.1 22.2 |25.0
"0.93 "0081 0048 "0.24— 0.02 0057
0.0 0.0 0.76 0.27 | -~0.34| 0.75
0-0 0-0 0.08 -0.10 0.03 0131
Ooo 0.0 "Oa 49 0012 "'0006 "'0006
7 -0,03 0.002 0.13 0.21 }~0.15| 0,02
\(xc*(+) 0.67 0.43 | -0.46 0.47 {-0.24 | 0.22
(+) Here ¢" refers to the 7Li*+p channel only.
ap e, Bp(p~wave) Bp(f—wave) 3*
4,22 fm.| 6.0 fm. -1 -3 (0]

these four 2% levels, the 16.6 and 16.9 MeV levels
appear(ls) to contain about equal intensities of T=0 and
T=1 components. As these levels lie close together and
below the energy region of interest, we may spproximate
by teking their eigenenergies as equal, and may assume
that their contributione are the same as tﬁose of the
unmixed T=0 and T=1 states. Then including only the
contribution from the T=0 state, the main contribution to
the data of this reaction may come from 2 astates lying
at 16.8, 19.9 and 22.2 MeV., Then using for these three
ot jevels the values of the p-wave nucleon reduced width
amplitudes as oalculated from the shell model calculations,
and the eigenenergies and «-particle reduced widths as
chosen to fit approximately the L +&L scattering d-wave
phase ehifts(13), we have predicted fits to Oy, i, Ay 8nd
By data. These fits seem to have the general features



of the experimental cu:fu(l"‘). po 15 “u)j th::;::::u
of parazeiers oS good startlng yriues, rad :cd o
fits to the date in which ws kave aled 1n v*:\.n e
levels ot ebout E, = 19 and 22 KeV, and B b4 zan_ *
about 25 HeV, &8 roggested by the d+s oonttering L...‘.
the 511(,4)%se data respoctively. Ipe obiatnes fite 1o
the ¢ats sre very satiafactory, and ero dctini;;lx n:h
superior than thooe of tho previous authors , Witk &
YR value of 2.27. The final valuop of the level
pargmaters are displayed in tadle I.

3% is interosting to note frox our attespt that
the experinental data of the 11.1(;:,1)‘1;0 reaction uwypte
. w 7 MeV cen be reanonably well explained ty uiz:g‘
nl:adcnnonu about the numbers and povitiono of the O
and 2* otates of the "Bo no cuggested by £L4d seatterizg
shase shifts, the aoalypes of the SIA(&,«)%Rs rescstes
2ata, and the shell model calculstionn of xu:ar(]'”.
Since the remilts obiained from the previcue mﬂ:nes(&s)
of tnis reaction hnd no conclatency with A+l 22 e
6m(z!,-L) dats, the present consistency ssezs %o indicets
that our results are definitely botter, Furtrher, oxr
sttenpt seemo to confirm that while other levele ere
needed to correct the behaviour of the calculnte cxxvee,
the main contridvution to the datn of thip reacties Tyte
By = 7 MeV comoe from thres 2* lavels.

Frozm the prosent analyais, two pew 0% levels heve
been found to be present in “Be arcund Eg = 20 XeV. The
yresence of theos levelso wap only indicated previcualy
Ty ibe behaviowr of the L4k phaos chifts, tat not
confirmed by dny any analyein of the experimesntal cete.
Thes 4% would be intersating to carry out a detetled
B~matrix analysio of the ¢
of 20 MeV excitation energ:

phase ARifte in tre repion
ol these levels,

le in “Be to fix 1ke properties

Polarization 8ata of the Sri(a 494
reaction are now uvellable, s

aip
€260 peoms vory vaetut, dnaly of theee Catp wouls
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ELCCTRON SCATTERING FORM FAGTORS FOR Gl3
Rsj K. Gupta
Phyeics Department, Panjab University, Chandigarh

ABSTRACT

An anglysis of the elastle and inelastic form factore, obtalned
at the Saskatchawan Accelerator Laboratory, Saskatoon, Canada,
will be reported. Tha rme charge radius for 13 45 obtained and the
calculations of the intlastlc form factors using varlous model wave~

functions, are compared with the experimental data.
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108.0PTICS OF 4 BFLIT.FOLE MAONSTIO SPECTROORAPY BY
METHOD OF RAY.TRACING

8. Das and ¥, Sarms

Fuclesr Physics Division
Brabka dtorio Ressarch Centre, Trombay, Bombay-85

1. JFTROIVCTIOH

Calculations on the lon-optical properties of & eplit-pole
mgnetis spectroaraph desoribed by Engs (1) have been done both
analytfcally (2) and by zay tracing wethods (3), In the present
calculations the equation of motion for the clarged particles bae
been forzulsted wore accurately, This equation ie used s the fnput
for & ray-tracing corputetion of the trajectories of the partioles,
R2eqults thus obtsined have been corpared with those of Enge and
Yigvosvarish,

11, ZHEGRY
It can te shown that the most general equation of motion in

the mdlln‘pl&m of a epeotregraph for e particls of ase m, charge

q e 2

e

Axk [:§ ®
where h{s) = ‘&_2239!_0 is the induotion in the madian plane
end Bo 18 the Eum £1014 at the median plany within the pele
eap (Fig.11)

The above equation was solved mumerically using the Funge-

Kutts method of Integration for particles of e specified
divergence of . Calculations were sade for a range of radius
vulues upto & maximum of 90 cma. The characteristics of ihe

spsctrograph were then determined bty the behaviour of the



trajeatorion nd the foond plane,  Tn thie caleulation two typee
of frinzing fliold at the pole bowndnry have bean connidercdy

(1) SCUH (ev ey cuteoff) and

(2) FIT (fxtonded frincing ficld)
T, "Taliig

Te have corrutad the oxit ancl- (CY Yy angle of devintion

(ﬁ') an! the wirtunl dr-cp distonce ( L? } du~ to circular rectecy
radlan-plane magndfdlention, alscretlon, dicporslon, resolution and
finnl foesl-plens lcoe'den of the entdre rcpecirograph. A correction

for kinematic lins drocdening Ine giro bren taken into noocunt.

tar corrutations are goreraliy in batler spgroement vith
13 »

r3

I

ref.(2) then the celouleticns of epencer & Fngr (3). Eovever

experirental datin are not amilabdle ot rrecemt for ceompsrisen.

RETTRENSE
1, Hede Enpe, Keol, Inatr, and Pothede, 28 (1964) 110
2. WX« Virwesverish and K. Sarm, Suol. Instr. Methods, 54(1667)181

1, J. Spencer and Hedo Enge, Tuel. Instr, end Mebh. 42 (1967) 181

Toriticn of 1hs foonl curface and eberrstion

Radivs X in cms. T in cns. Abverrstion
40 142,002 =23.7% 0.00101
50 174.314 -33.22 00,0032
€0 128,16 -42,01% 0.0051
70 221.58 ~52.4 0.00887
&2 244,788 ~51.83 0.00768

aed 267.823 -7l.2 0.0083
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Bediur  Madisn-plane

in runielonidenlin)

agde  2of,2 Raf,3 Present
work

40
50
60

7
0

90

Charsetoristlos of Folo-Pleoe I

&

¢ ¢

*Theare~ Boy

tical Tracing
14° 300 14° 30°
§*54* 10° o

*Theore- Hay *Theore- Bay
tieal Tracing tical Traoing

40 54 40° 54 90,76 50,0
34° 120 4 & 88,0 ~88,4

Disperston(d) R TN (R)

work

Rof,2 Ref.3 Present Ref.2 Ref.3 Fragent

work

035 0,357 031523 2436 1,99 2.06057 214404 2650 2505.2

0,345 0,363 0,310055 1°33 1,905 1.9962 316444 3145

¢35 03¢ o031

1,89 1.84 1.96586 3591.1 3650

0.3533 0,348 031238 1,83 1,785 1.92354 4002.2 2120
0,358 0.348 0.315963 1.79 1.7%51.6982 4395.5 4555
0.364 0,354 0,32002 1,75 1.725 1.86586 4766.6 4970

3576.8

4221.55
4789.35
5340.1
5630,0

* Ref. 2
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RF MEASUREMENT OF THE COMPLEX CONDUCTIVITY
OF A PLASMA BY AN EXTERNAL PROBE

, J.N. Maitl and J. Basu
Sahz Institute of Nuclear Physics, Calcutta.9

ABSTRACT

The complex conductivity of a plasma in a discharge tube has
been measured with an rf external probe by ueing an {mpedance
method. The probe conslats of a coll placed around the discharge

tube and the method lies in determining the d ity from the

measurement of the coll impedance with plasma {nside the tube,
normalised with respect to that without plasma. The complex conduc-
tivity of a plasma generated In a hot cathode argon discharge hae boen
measured at different discharge currents and gas pressures. The
values of the electron density and electron collisfon frequency in the

plasma, obtained from the ductivity measurement, are found to

be in reasonable agreement with the values calculated from the

measured Langmulr probe data.









II.  RESULTS
In & magnotio fleld, applind-in a pleno porpendicular to the

pleno of dotoctors, thy angular corralation of two gamea rays cen bo

oxprosstd &g

Yemaa

W (o,,¢) = ;:; Ay D(cos(e-w k) )

Tho Larmour froquency <) 1o given by

o = Fhule Jx
whoro g 1e tho nuclear g-factor of the intormediate etate, P9 the
aucloar magneton and Heep = Hype  + Hypg.

The coinoldence counting rato 1a given by
-t
Ct) = 7T (B, HA) Comt coeenene 2
<= being tho moan life of the intermadiate level. Counts were col-

lected for both fiold diroctions (positive end negative) at an angle

of 135°, A quantity R(t) is dofined ag
R = 28 -cwy)
W+ W
c*(t) and C(t) being Lho coincidence counts for positive and negative

.. (3)

direction of the fiold respoctivoly. For A, > 4,,  (3) reduces to
R(t) = 6/\1 Sam 2.t
L’- - A:. qq
A plot of R(t) against t d1s shows in Fig.2 for the case of Mo-Ni

lllloyn
The intornel {ield acting on Tc in Ni was determined to be:

Hipt = =-31.6 KG + 4% .

IIL DISGUSION

Gardau's group(s) has determined the field on Te in Ni to be
-41 XG + 10% which 1s in agreement with our value. The internal
fields for 12 golutes in Fe, Co,Ni have recently been estimated(4) and
1% 1s found that conduction electron polarisation alone can fit for
the experimental valuss of Hpe. The predicted value for the field on

Te in N1 is -55 KG which fairly agrees with our result.
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IHTERIAL BREVSSTRANLUNO RPEOTRUM ruon 37 p,
M. Nath, 8.Mitra, AX. De, AKX Dreyand P.C.Bhattacharya,
Uepartoent of Physier, c-icuttu Unlvuruty.
1. JHTROMETION

The problems {n connoction ¥ith intornal bremveblrahlung
(1B} in betn dacay sre not yot solved in spits of nunnrous
eyparimental and theorotical studios Auring the recent years. A
survay of Poruun“’ rovonln axplicltly thatt tho disagroement 1lee
ot only batwoen thoory and exporinent but also among the individual
expariments,

It wxs therofors decided to:::ia out 8 eritionl analysis
of tha provlen. There is & condiderablosof mensuremants ©=33) gop
7P source. Thess £ro in nore or lass ngroenent (ercopt “07)(‘" #ral
rhoton energles, Conslderable discropancions oceur, hovevor, at
hirter photon cnurnlnu(a“m). AL tho hiphest photon enorgies (~1200
invastipatnd, eome oxporipental rosults (10412} d(ffer by s much
23 100K, In tho caras of othar isotopes the observed dovintions are
mch greator.

¥We pive a proliminary report of the IB spectrum peasureront
for 3% yatog & modificd paonotriesl arranperont similar to that
uzed by Bavenyl and Vnrgn(m).

11. EAPERIEENTAL

The feoretrical arrangemont used in theo prosent investi.
gution {a shown in Pig.l. Previocus workors placed batn sbrorber
half oy betwsen tho saurce and the dotoctor using s lo,d ecilimator,

The present erparivental arrangoment is dosigned to onsure trat o
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minimum EB cont?ibutes to‘the measurements and corrections mx can be
applied for it. As concluded from Fig. 2, the optimum place of the
absorber 18 not midway between the detector and the source, For the
present geometry of source-crystal distance (20 cm) and erystal

dlametor (3.8 cm), the absorber is placed at 16 cm from the cryatal.

The geometrical arrangement and arsociated cirenitries
(eegsy super«studble high voltage, linear amplifier, single channel
analyser, electronic timer etc.) is housed in an alrconditioned room
at a fixed tomporature of 74% + 1° F and the supply voltuge is .
stabllised by an A.C. voltage stabiliser. The amplifier characteristic
and gnalyser stabllity was chacked frequently by & precision pulser

and g pulne oscilloscape.

The energy calibration was performed withzsuitable sot of
etandard Y-ray linees covering the en-tire range of interest. During
each of the threo runs with ~3004c 3°p gsource, analyser window was
adjusted by the precision pulser and varied according to Kelley's
considerations, Y.e., < 1/3 FUW-onergy-ll{ at that energy. Sufficient
care 18 taken to avold spurious effects. Correctisns are made for
several factors such as background, energy resolution, backscattering,
compton % iodine K-oscape electrons, geometrical & gumma detection
aefficlency of the crystal and absorption of the radiation between the
source and the ddector. The experimentally recorded pulse helght
distribution after various mentioned corrections are converted to the
probability for IB production per 1 Mev energy per beta disintegration
in the range (60~1250)KeV on an absolute basis.
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111, CONPARISON MTH THEORL

£ig. 3 shove the experirantal and thooretical epectrs. Tha
w0118 1ines shows the XM theory and thg dotted itoe the coulont
enrroctad theory of Lewis ¢ Ford(m). Recording to thlen(“), coulomd
Sorrestion factor (1 + wrad/p) thould be raplaced by Ferol functlon.
For lov values of Z (as tha case tere} the two factors are e«zantlally

the 4ame.

Ford A Partin’1® constdared the sowcalled detacur trensitiont
Lo IR wctonpanying nuclear bets decay. This §n vot so inportant for
ailowad decay {et.,T7P). Doudle Tatarnal Bremeatrahlung (DIB) prepoeed
by Jastram ¥ Vanderlooden 6y 173 gnoula ocenr with the probavility
~u? 8nd should have negligible influsnce on the wessurements of
single I8 which in the Sams mpproximation has the prodability «=1/177,

IV, DISOINAION  AMD COTCLUSION

Gir Tesultx show consistancy with the K73 theory in the
rerfon {(100-500) Ke¥. In the rafion {E00-12E0}eV there is a dafinits
disagr enant batwaan srgocirant and theory even connldering the
conlemh offect, the exporimontal dfstribution being in sxcese over the
thsu'ry on the avetars of J0%. Yoraover the devintion incrssses with
eherry Trom 15€ at 600Xe¥ to 50% at 1750Ke¥. Thix conclunion s at
par with that of Liden # surlet(a). Harsstrhemurty A Jmnnnlndn(u)
fonnd that in the onergy repion frem {190-700)Xe¥V thers 15 & woall
bat defints exparimantal axce<gdf 16¢ ovar the KUB theory while nbu;u
€00XeY the axperimental dletribution colncides ¥ith the thaoretlesl
dirtributlon. Thelr axperimental arrannaxent though similar ¢o ours

can ot by callad ealted good 'geometry’ hecaundo thoy placed the bata



absorber half way between the source and the detector.

In spito of the experimental inconsistencles that might
be present present in our measuresments an experimentsl excees over
the KUB theory 1s obtained in the prvcent experiment in the high

regions,

The authors wish to thank Mr. A.Das for assisting the

construction of the experimental arrangement,
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MEASUREMENT OF THE (82L-212y) ANGULAR
CORRELATION IN 1211,

H.S. Sahota
Physlcs Départment, Punjabl University, Patiala-4

ABSTRACT

Measurement of the angular correlation of 11/2 - 3/2 . 1/2
cascade in lz,'l'e has been performed with Luconversion electrons
and Y rays. The measured value of the correlation Agz =0, 020 4
0.03 agrees with the findings of Marelius et al(l) but differs very much
from the result Agyp = -0, 007 + 0,007 of Goldberg and Frankel(z) uaing
a thin lens beta spectrometer ns a fixed detector for electrons and a
scientillation counter for the movable detector. The L-subshell
particle parameter for the 82 keV My transition has been evaluated and

compared with the theory of Hager and Seltzer.

(1) A. Marelius, H. Petterston, S Tornkvist,
5.E. Hagglund and R. Dumlitrescu, Arklv fur Fysik, 37,
435, (1968)

(2) N. Goldberg and S. Frarkel: Yhys. Rev 108, 1350 (1955)






Agnihotry, A, P,
Ahmed, L
Ajttanand, NN,
Alam, J.
Ansari, A,
Augusthy, A,

Baba, C.V. K,

Baba Prasad, P, N.

Bahal, B, M,
Balakrishnan, M,
Baliga, B, B,
Bansal, R.K,
Barker, F,C,
Basu, D,

Bagu, J,
Batra, R.K,
Betigeri, M, G,
Bhandari, R,K.
Bhatt, K, H,

Bhattacharjee, B, B,
Bhattacherjee, S, K,
Dha!tachnryn, N.C,
I}ha!tacharya, P.C.
Bhnttacharya, R, 5.

Bhattacharyya, R,
Bhattacharyya, s,
Bhaumik, K,
Bhiday, M R,
Bhoraskar, V.N.
Blewas, M,
Brahmvar, S,

Chalapaty Rao, K.V,

Chandran, C.R.
Chattarji, p,
Chauerjee A,
Chatterjee, M,
Chatterjee, M,
Cha!urvedl S,
Chaubey, A, K,
Chintalapudi S.N.
“hopra, R, ¢,
"lndro, N.
.oachman' 1.8
-unjeaud M,

197
193, 263, 267

AUTHOR INDEX

NUCLEAR _PHYSICS
——=mn SHYSICS

161, 415 Dange, 8. P,
15, 623 Das, A K,
339 Das, s,
35 Dasmahapatra, B, K,
317 De, A.K.
35 De, J, N,
Desal, S, B.
411 Deshpande, R, Y,
187 Deshpande, v, K.
295 Devanathan, v,
49 Devare, H, G,
499 Devare, S, H,
93, 149 Dey, 7,
653 Divatia, A, S,
3
665 Dunn, D,
17 Dwarakanath, M, R,

55
591 Eswaran, M, A,
255, 321
591 Fernandes, B,
411

591 Garg, § B,

673 Ghose, A, M,

573 Ghosh, P, K.

337 Gopal, S,

318 Gopinathan, K, P,

261 Govinda Reddy, V,
141,539 Greenlees, G. W,

539 Grover, R.C.
183, 483 Gujrathi, S,C,

453 Gunye, M,R.
Gupta, H, V.
Gupta, R.K.
Gupta, S, K.

121

619 Hamilton, J.H.

493 Harar, S,
103, 361 Hasan, F.
427,615 Hasan, S. 8,

33,34 Hui, A K,

407 Hunyadi, I

667 Husain, H.

103

561 Indarkar, V.S,

103 Ismail, M,

79
673
661
345
673
314
227
519

295
111,113,115
667

667

231

, 45, 19

39,
579, 585, 591, 597

453
39,507

37
103

629
183, 483
567
513
161
173
393
117
331
307

33
149, 659
39,45

453

103
647, 651
36

567

533

527

551
7



Iyenpar, K, N,

Iyer, R,H.

Jain, A, 5
Jain, A, K,
Jaln, B, K,

Jain, H.C.
Jain, M. C,
Jalaluddin, ALK,
Jayabtumar
Jnanananda, 8,
Jonein, O, P
Jorhi, M, C,
Jaerhi, P, C,
Jyothi, §,

Kane, P, P,
Kapnoor, §, 8,
KHapll, S, K,
Kataria, S, K,
Kaurhal, R.S,
Herekratte, S, 8,
Khadvivar, S, B,
Khanna, F, M
Fhayyoom, Al
Kidwai, LR,
Kondainh, E,
Krirthna Reddy, D, V,
Kulkarni, D, R,
Kumar, N,

Lakahmana Rao, A,
Lalebhminarayana, V,

Lal, B.
IL.amba, C, M.
Linpappa, N,

Mahalanabis, J,
Mahanti, D,

Maiti, J, N,
Manohar, S, B,
Mantri, A, N.
Mallikarjuna Rao, B,
Mehta, G, K,

67
57. 67

9. A5, 591, 597
137

129, 143
411

313

527
607, 611
407

561
161, 415
201

239

187

67,73,271,279, 349

635

271

652
39,45
251, 25%, 307
301
403, 447
97

25, 167
173,177
251, 321
653

19

383, 387, 401
411, 453

1,9

55

393

627

125

665

79

213

327

421, 427, 435

Mehta, M, K,
Minra, S, N.
Mitra, S,
Mubherjee, D, K,
Mubherjee, S,
Murthy, P, S, S,
Murty, D, S R,
Murthy, M,
Murthy, K, 8 N,
Muarthy, S, R, S5,

Nadbarni, D, M,
talr, S.C. K,
Navalkar, M, P,
Narasimham, K, L.

Narasimha Raju, M, L,

Nararimha Rao, C.

Narasimhacharyulu, E,

Narayana, K, L.
Nath, M.

Wath, N,
Migam, ALK,

Paithankar, A.S.
Pande, U, S,
Palathingal, J.C.
Pandya, S. P,
Pardhasaradhi, S. K.
Parikh, J. K,
Parthasaradhi, K.
Parthanaradhi, K.
Pathal, B. P.
Patro, A. P,
Patwardhan, P. K,
Powar, M,S.
Prakash, V.R.
Prasad, K.G.
Prasad, R,
Prasad, G. N, 8.
Puttaswamy, N, G,

Ragoowansi, N, L,
Rahman Khan, M. Z,
Rajagopalan, P.T.
Rajendra Prasad,

49

507

673
331,573
105

611
173,177
639

361

349

67, 73, 349
317

561
383, 401
441, 451
403, 447
327

177

2217

673

427

207

607, 611
459, 463
475, 477
251

519
315,316
19

263, 267
331, 361
441

551

469

295
161, 415, 503
36
111,115
153

37
623, 647, 651
545
615



Rajput, M, S,
Ramachandran, G,
Ramaniah, K. V.
Ramaniah, M, V.,
Ramanna, R,
Ramakrishna, G,
Ramamuirthy, .V, S,
Ramamurty, 5.
Ramanamurty, M.V,
Rama Rao, J,
Rama Rao, P, N,
Ramana Rao, K. V.
Ramaswam}, A,
Rangacharyulu, C,
Rastogi, B, P.
Reddy K.V,
Rohatgl, V.K,
Rook, J.R.

Roy, §.C,

Roy, M. K.

Sagu, M,L,
Sahal, B,
Saharia, A, N.
Sahota, H. S,
Samaddar, S K.
Sanjeevalah, B,
Sanjeevalah, H,
Sarkar, R,
Sarma, N,
Sastry, B.R.
Sastry, D, L,

Satya Prakash,
Schlenk, B,
Segel, R. E,
Sehgal, M. L.
Sekharan, K. K.
Sen, 5

Sethy, B,
Stddappa, K,

azs

85,91

327

79, 383
239,519

289
271,279, 349
193, 263, 267
193, 263, 267
19, 25, 29
349

387

79

427,435
629, 635

327

601

97
183, 483
ns

57, 67

L9

15

681

105

513

513

619

55,137, 661
451

387, 403, 407
447,451

79

533

153
33,34,36, 117
39

287

365,371

29

Singh, B, p, 459, 46

Singh, H. 365, 37
Singh, M, 46!
Singh, R, 42!
Sinha, B, K, EEY
Sitaramanath, M, N, 193, 44]
Shanta, R, 143
Sharma, S, K. 25!
Sharma, M, L, 30!
Sharma, R, P, 503
Shukla, M. G, 141
Somogyl, G, 533
Sood, D, K, 55
Sood, P, C, 201,207, 213, 643
Srinivasa Rao, K. 111,113, 115
Sriramachandra Murthy, M, 29
Srivastava, B, K, 125
Srivastava, D, S, 533
Srivastava, M.K, 221
Srivastava, J, K, 503
Surl, K. K, 489, 495
Swaml, S, 39
Thampi, N, 8. 55
Thirumala Rao, B,V, 25
Tikku, V. K, 365
Trehan, P, N. 489, 495
Tutk, M, 103
Usmani, Q. N. 237, b47
Vanjpe, P, R, 611

Venkataratnam, S, 383
Venkatzsubramanian, V, 8, 545

Warke, C.5, 307

Yadav, H. L, 125



lyengar, K, N, 67
Iyer, R 57. 67
Jain, A. 579, 685, 591, ra7
Jajn, A, K, 137
Jain, N, K, 129, 142
Jain, I, C, 411
Jatn, X, C, 313
Jalaluddin, A, K, 527
Jayakrumar 607,611
Jnanananda, S, 407
Joneja, O, B\ 561
Jaahi, 3, C, 161, 415
Jorhi, P, C. 201
Jyothi, S, 239
Kane, P, P, 187
Kapoar, 8,8, 67,73, 271,278, 341
Kapil, S, K, 635
Kataria, S K, 271
Kaurhal, R, S, 652
Kerevatte, S. S, 39, 45
Fhadkivar, S, B, 251, 255, 307
Khanna, K, M, 301
Fhayyoom, Al 403, 447
Kidwal, H, R, a7
Kondatiah, E. 25, 167
Krichna Reddy, D, V, 173,177
Kulkarn:, D. R, 251, 321
Kamar, N. 653
Lakshhmana Rao, A, 19
Lakshminarayana, V, 383, 387, 401

441, 453
Lal, B. 1,9
Lamba, C, M, 55
Lingappa, N. 393
Mahalanabis, J. 627
Mahanti, D, 125
Maiti, J. N, 665
Manohar, S. B. 79
Mantri, A, N. 213
Mallikarjuna Rao, B, 327

Mchta, G, K,

421, 427, 435

Mehta, M, K,
Minra, 5, N,
Mitra, 5,
Mubherjee, D, K,
Mukherjoe, S,
Murthy, P. S, 5,
Murty, D, S. R,
Latrthy, M,
Marthy, K. 5 N,
Murthy, 5. RS,

wadbarnd, D, M,
ajr, 5, CLK,
avalkar, M, P,
arasimhbham, K, L,

..
IS}
X3
IR

M
2
L
Y

Narasimha Raju, M, L.,

warasimhba Rao, C,

Narasimhacharyuly, E,

Narayana, K. L.
Nath, M,
Nath, 1IN,

Nigam, ALK,

Paithankar, A, S.
Pande, U, S,
Palathiagal, J. C.
Pandya, S. P
Pardhasaradhi, S. K,
Parikh, J. K,
Parthasaradhi, K.
Parthasaradhi, K.
Pathalk, B, P,
Patro, A. P,
Patwardhan, P. K.
Powar, M,S.
Prakash, V.R.
Prasad, K. G,
Prasad, R,
Prasad, G. N, 5,
Puttaswamy, N.G.

Ragoowansi, N, L,
Rahman Khan, M, Z,
Rajagopalan, P. T,
Rajendra Prasad,

19

507

673
331,573
105

611
173,177
639

361

349

67,73, 349
317

561
383, 401
441, 451
403, 447
327

1m

2217

673

427

207

607, 611
459, 463
475,477
251

519
315,316
19

263, 267
331, 361
441

551

469

295
161, 415,503
36

111, 115
153

37

623, 647, 651
545

615



Rajput, M, s,
Ramachandnn, G,
Ram:nlah, Ky,
Ramaniah, M,
Ram1nn,, R,
Rxmakrluhna, G.
Kamamurthy, V.5,
Ramamurty, S,
Ramznamurty, M, v,
Rama Rao, 7,

Rnha!gi, V.K,
Rook, 7,5,
Ray, s.¢c,
Roy, MK,

Sagu, M,y
Sahay, B,
Saharia, AN,
Sahota, H s,
Samaddar. 5K,
Sanjocva(ah, B,
Sanjccva!ah,
Sarkar, R,
Sarma, N,
Sas!ry, B R,
Sas!ry, D 1,

Satya Prnkanh,
‘chlenk, B,

azs

85, 51
327
79,383
239,519

289

271, 279, 349
193, 263, 267
193, 263, 267
19, 25, 29
349

387

79

427, 435
629, 635

327

601

97
183, ¢33
318

57,67
Ly
15
681
105
513
513

619
55, 137, 661

451

387, 403, 407
447, 45)

79

533

153

33,34, 36,117
39

287

365, 371

29

Singh, B, p,
Slngh. H,
Singh, A,
Singh, R,
Sinha, B.K,
Su-rama.nnlh, M. N,
Shants, R,
Shlrm, S. K,
Sharma, M. L,
Sharma, R.p,
Shuldl, MG,
Somagyl, G,

ood, b, x,
Sood, p, ¢ 201, 207
Sr!nlvln Rao, K,
Sriramach, dra Murgy,
Srivagty B. K,

ThlmP‘, N. s,
Thirumag, Rao, p, v.
Tikky, V.K,

Trehln, P N,

Turk, M,

Usmany, Qn,
Vanjpe, p R,
Venhhntnl

Venkutuubnrrunl'ln, V.s,
erke, C.s,

Yaday, H 1

459,
368,

3
189, 495
103

237, 547
61
383
545

307









