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INTRODUCTIQN

This report summarises the operation and utilizaetion of
the accalerator.during the year 1971. The 5.5 MeV Van de Graaff
accelerafnr has complated its 10th»yaar of opersa%ion. From the
end of 1964 ths machine hae been opsreted on a round-the=-clock

7 dey wsek schadulsa,.

The import requiresment for the rumning and maintenance of
tha machine has besn brough% to a minimum by fabricating most of
the componente in the laboratery amnd by utilizing logally aveilable
substitutes with modifications wherever necessary. Equipment for
the beam transport used with the accelerater such eas the five-port
beam switching magnst, quacrupols focuseing lenses, beam deflectors
and powser supplies aré all fabricated in the laboratory and thesa

are giving satisfactory service.

The 400 kV Van de Graaff machine has been used during ths

year maatly for ion implantation studies.

A number of ressarch aexperiments have been carried out with
the eccelerator during the period under review and brisf accounts of

this work are summarised in this report.




Accelerator 6Eefat¥on

1. Analxais of Machine Dgeration

ﬂachina TUN

Total ‘time’ availahle'frum lat aanuary 11971

to 315t Dacembar 1971 A e EZEQ;ﬂQHEE
Holiday obasrvad during tha year e -_48 .
Time lost due to chiller end Aircondltioning A
plant failures - A . ea 744
Time used for routin&'maintehance' R . 288 *
Tine lost dﬁa to powsr failure E ,...‘ 24 ®
‘Tima loat dua to.uatar éuﬁﬁly’failura v & =
Tims lost dus to nonevailability of | '
Liquid nitro an" e 720
. g w
e 1784%
e 478 *
.s 3631 Hours

1147 Hours
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1I. ;npdir_fé‘a.ﬁiun"s‘ and sdditions o the accelerator

gw stream lined campact gas manifold has been designed,-

fabricatad -and installed in the acceleratnr torminal. Thise

“naiderdbly reduced the possibliity of pressure leaks

Viénd;hasu@ade masy the replacément of thermo-mechanical

W:Eiaast
. 2e fun additional fang have been installed on the acceleretor

control console for cooling the power supplies and electronie

units.

"éﬁﬁiéd?ﬁiaﬁpifﬂériab agsembly in the 5~port switching

lﬁiﬁﬁlyﬁ:éémﬁgéhiiﬁblaéad by a 15 amp. 3 phase
,variac 15 ramote cuntrollad motor operated and
with 11m1t amitchas. Ihis has been necessary to ensure

raa oparation of this supply when working with high

" dy:rantS"on: long periods of time.

&}'A atabll*zad tranaistorised pousr supply hes been provided for

Up"s magnats ueed 1n the beam tube. This unit was




analyzing chambsr w« ,measured by nuting the NMR rasunance frequency

mhile’tha magnet currant was daterminad by an elactrumetar voltmeter

-unit monftoring the voltage across ‘the standard resistance in aeriés

with tha magnet cuil.
'it;ﬁés“ﬁﬁté&5thqt nuﬁlihearftyvstarts from approximétely a magnetic
fiéld»cdr:aapénding-tn 4 ﬁeu 4‘Ha""‘héuam energy. Also It was obsarved
i points away from tha centrs do

Dotails
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“#.°" A'micre-leak of insulatihg gas into the accelerator tube was

‘\vnoticad during the middle of Septembar when the tenk was being pressur-

3”jiaad. The 1eak was located in a coupling on the pas manifold.. Howaver,

:si ce - the 1eak was apparant only at uery high tank pressures, 9 days

vof machina tlme was luat bafore it could be located and rectified.

5; Tha aucalevatur could not ba run for about a month due to defsct

in the air-conditionlng and chillad mater supply plants. Another month
+of machine time was lost due to short eupply of liquid nitrogen sssential
for maintaining.goud vacuum in the system. This period wes utilized

for carrying nut major maintenanca work on the accelerator such as over-

ginhauling of Vacuum systems and nthar auxiliary aquipments, carrying out

fiddls -of Decembey 1971, To provide spacé

7§§$bﬁﬁly. Additional units such as

on the terminal, The additional

i_ﬁgfminal and . their reversibls motor

+C./1=120"(1971)
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‘arives were installed on the tank basa. The asasmbly is undergoing
oparetional tests. . When brought into oparation this will provide higher
currents of the various charged particle beams. as wsll as 11 MaV doubly

charged helium ion beam.

vi. BN 400 Van da_Graaff Maching

This machihﬁ hae been used for 359 houra during the period undsr
report mostly for ion implantatioh studies. Ths terminal of the accelae=
sator has haanlmndifiad to accommodate two gas bottles with remote
controls enabling changing cver from ona gas to ancther while tha machine
is under nperation. A beam deflector with tuwo pairs of deflector plates
perpandicular to gach othsr has been inatallad in the beem tubs. One
Bquarg‘csnt;matré target area cen now be uniformly scenned by the ion
beam by_applying-aaw tooth moltags at different frequencies to these
plates. Details are given else where in this report.

& 90°® analyziné maénst to be fabricated witm low carbon Tata 'A?
gradq‘ataal has beem>dasignad. The design drauimgs have been completed
and tme magnst is under fabrication at the B.A.R.C. Central Workshop.
The magnat coil s deaignad to be wound from extruded aluminium tubing

af 12.7 mm. side square aectzon through which the conllng water is. cir-

culated to’ achieve maximum cnul;ng efF;czency. The stabilized transistor=-

_issd pnmar supply for the magnet will have a maximum rating of 250 Amps

‘at 15 V output.




RESEARCH EXPERIMENTS

1. A Study of the Resction ®*wi(p.0)®*ni In the Range

3.150 to 4.02§ MeY = S.K. Gupta, S.5. Kerekatte, M.K. Mohta

and A.S. Divetiea - The present work is an exteneion of experi-
montal programme for the atudy of levels in 65Cu. The first

part of this progremme was ths previously reportsd uorkl) on

the 64Ni(p,n)MCu reaction. We have studied the slastic sgcatter-
ing of protons from 54N1 to investigate the isaobaric anslegum
resonances in the nucleus 65Cu corresponding to the parent

65

nucleus "Ni. This reaction hes elso been etudied by the Duke

groupz) from Ep = 2.5 = 3.3 MeV. - In the energy ranas Ep = 3.150
- 4,025 MaV ecanned by va, resonances have besn obssrved which
are superimposed on & large amount of fins structure.

'A 64N1 target (enriched to 97.92%) was prepared by svapsorat-
ing 64"1 metal from a heatad tungsten ribben en to a thin carbon

~ film. The target thickness was estimated to be 1 kaV for 4.0 ReV
protons. Four eolid state detectors st lsboratory engles of 899,
124.5?. 140¢ and 165° were used to detect the scattered protons.
Tha,firlt tﬁraa angles corrsspond to ths zeroas of Legandre poly=-
nonlalq}of tirst, second and third orders. Around the onargiee
uﬁei.’gtrnnélanomaiiaa ugie obsorved, dete were teken in 2.5 keV

steps and elsswhere in 5 koV steps. The whole excitetion function

1§ iﬁoun in Fig. 1, The 1 kel steps data are shoun in Fig. 2

Strong anomslies have been abserved at EplEb = 3,220 end

-..3+873 MeV. Thaéa éorraaﬁond to the psrent states at 0.065 (fFirat

. ’ )
_excited stats) and 0.615 MeV (third excited stats) in Sui ae




gbebrved in the §4ui(‘d.p)65u1 'r‘eictions) +  As observed in the
(dsp) resction they should heve 1, = 1. There should bs e reso-

nangse:; around 3448 n-v corresponding tn tha parant etate in 65

nu'
ot 0,315 MeV (llcand axcltcd ntate). ‘No anumaly could hs found |
around thil anargy in the § kev ateps data. Measuramente were
made with 1 keV step from 3.475 to 3,510 MaV. Ae shown in fig.2
ths anomaly was observed in this‘ragién.. Hawsver, the (d,p) date
Bssigns a valus of 1 = 1 to this state, But in that casa the
snomaly ahnuld ba very wesk at 90° ralativa to the othar anglea.
This ie not the case as observed hers. It may indicata that

1 - 0 fo: the eurreaponding state. The ahapa snalysis of thess
reaonancaa nill be carried out and tha dats will bn pxtended to
highsr anargies uhara the (p,n) reaction alsc shous strong resons<

nce efqutu.

HThé ;iiulta are displayad in Table 1.

Joble 1
&5 = e ,
Lavels in i (ref.3) Resonances in ““Cy (present work)




2, Studiss on Anslog Stsiss in ~"C1 by Iscspin-forbiddsn
Reaonances _in ths Reaction 325(EJ ~ )33clr- M.AR. Esueran, M. Ismeil,

Nsl. Regoowansi and H.H. 0za = Ths residusl ectivity bstwaesn bursts
of a mechanically chopped beem has been used to measure the yisld of
the reaction 32S(p,') )33Cl systematically in ths bembarding energy
range Ep = 3,36 to 5.41 MeV. Two, T = 3/2 statea in 33c1 at E

3.371 & 0.005 MeV, E, = 5.550 £ 0.007 MeV and ot £ = 5,262 & 0.006
MaV E = 7.402 & 0.008 feV have bean located with tha rescnance
strengthe (23 + 1)TF0[2/G~ = 0.76 & 0,18 eV and 1.50  0.37 oV ros=
pactivglya Each of these rasonances was narrowsr than the sstimated
2 kaeV spread in the proton beam. These two statess are interpreted
as tha analogs of the grocund and the second excited state of 33P
ulth'jﬂ—valuaa, V?+ end 5/2% raspectively. Y ~-decay of the louer
resonance, investigated with a Ge{lLi) detector showe > 88% end < 12§
branchings to the fPiret excited state and ground state of 3381 reg=
pectively. The Ml strengths of thase transitions are compersd with
thosa cbtalned from beta analeg transitions and with ths thesretical

pradlctiona based on the many=particle shell modal cslculations.

3. Elastic bcattaring of Protons on 65Zn = M.G. Batigeri, Caﬂ.

Lanba, D.K. Soud. ‘Ne Sarme and N.S. Thempi = W2 have campletad ths

qtudy of»tho raaqnancaa in the compound nucleus 576a which are iscbarie

67

dnalbﬁunﬁiéétes of 184, 363, 978 and 1142 koV lovele of " 'Zn. The

572n yround state {5/2") could not be obsarved bscsuse

.anlloguo of
of ‘the high valus of ths angislar momentum invelved. o eignificant
-annnoly fur 83 kev anslogue sould be observed. Shepsse of sll the

:ospnanqnq indicete ths transferred engular momentum to be.z 2 ko

#To be publishsd in Physicsl Review T (1972)
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The ntaignmant of 978 keV leval 1n Zn as baing populatad by

"= 2 4in the atudy of tha raaction Gé Zn(d,p) Zn saema to bs

lrrnneoua. Tho ahapes ef tha rasonancaa at threu anglaa uere

analysed uaing hhn Qamputar programme ANSPEC Th nxcitation_

Functionn are shnun in Fig. and thaif te (] tha varioue reln-
nances ars shouwn in fig 4(a,b,c) e Follouing aet of optical poten-
tial wes used.

V = 50.5 MaVl

W= 13,5 MeV

r™1.25¢ a . = 65¢
T,y= le25 ¢ a 1= 47 F

[n]
= 1.3 f

Th- analysis yielda valusa;of r.p for thm 1nobar1c analogul
_ntahoa uhich le ralated ‘to the

’roacopic factor fnr the corree-

pondinq.transitiqnhln qugq;p)g Zr raectiun. The velues of spectra=

” , jf ue11 uith the valuse Sgp
rnbtaiﬁéd”frop (dyp) raacbion. Tha relavant rsaulta ars listed in

Table 2
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Tabls 2

| (2.8

+0.3) x 100 =

Eeuc-in Energies of levels in ‘ 5 g
o STca(mev) 7, “667,0a,p) L e T e
{present) "
3.021  8.294 184 184 1 4 0.1 0.07 0.08
3.814 9.087 978 980 1 5.00 1.00 0,12 =
3.978  9.251 1142 1142 1 10.0 2,0 0.21 0.37
Jabls 3
3 Ay oK
expt. i Theory Multipolarity
(kev) e 'n: E2
130 1.9 # 0.1 1.9 - - £3
218 (2.6 £ 0.3) x 1072 = 1.4 x 1072 4.6 x 197 (€2 + A1)
260 (1.9 # 0.1) x 1072 = 0.9 x 1072 2,5 x 107 (A1 + E2)
275 (7.4 £0.2) x 1070 = 7.8 x 2070 2.0 x 1072 A1
302 (1.7 % 0.2) x 10 "2 L 6.0 x 207 1.5 x 1072 E2
383 (3.2 £ 0.2) x 107 = . 3.4 x 10 "3 6.6 x 2073 Ml
s =3
401 ;(s.-u..;_ 0u8) x 1073 - 3.1 x 207 5.5 3073 E2
445 3 2.5 x 1070 4.2 x 107 A1




built on the second 0+ in 72Ga.
(To bs published in Kuclear Physics)

S¢ Coﬁuarbibﬂ'electfén,Studiqé'fniluuin

79, 81 ‘9.n)79 BlKr reactions = YeK. Agarual*, C.V.K. Beba,

M.G. Batigerl, M. Bharati®, 8, La1® and N.G. Puttaswemy™

A systematic investigation of propertise of low lying levels of
nuclel in the region 28< 240 and 40 £ N 50 is being under—
takan. As o part of the preg: .mme, we have studisd the cnnuareibn

B0g, 79,8l

‘elactrons and gamma rays following (p,n) reactions on ~ Se,

targets. Typical Y ~gpactrum and convereion alactrnn spectre Tor
79,81, (p n)79' Kr reactions ara shown in Fig.5 . By sultable
normalization for tha 130 klv -~ transibion in 79Kr, which is measurad
to be E3, ws. hava obtainud ahaoluts K~conversion coefficianta uhich
a:a 1istad ;n Tabla 3. Tbg'results.fnr Sa(p,n)auar are being
analyssd. R |

6v . Study of 75, thrnu h Sas Resgtion - v;x. Rgarwal®,

CeVeKe Baba. Sl Bharati » SeKe Bhattachar jee™ » Be Lal and Baldev

s Sahal®. e »vieu f.the largs obs tvad quadrupula momant for the gteund-

that_ita gruund atats apin af 5/2

vel scheme. Recently Bali




The intarnal panversion slectrons

Prom the 75naf =)

arigin e fzf{p,n)

faaqginﬁgyanqbdatncted by avaix-gapjé —-ray spectrometer 3) instellad
at Ven dsfcgaaff, Trombay. Arsenic targeés ufru'ZUD/ﬂLgm/cnz thick=
ness on thin carbon backing were uasd for this purposs. The cenversion
electron spectra of 112, 133, 141, 28?; 377, 428 and 516 kel transitions
have been recordad at pzotun enerpoies of 2.7, 3.5 éhd 5.0 MeV. A 5 ce0.
Ge=Li detector on tup of the spectrometsr fecilitated ths simultaneocus
rscording of ‘] ~-ray spectra. A typical conversion elsctron spectrum
t?ken at Ep = 5.0 MaV is shown in fig, 6 . Table 4 gives the Kecon-
varaion cnafficientg faor the above tzaqeitiona obtainad from the present
maauurémantap The aggignad multipolarzities are based on comparison of

thi.maaaurad conversion coefficients with the theoretical velues.

Lifetimes of 112, 133 and 267 kaV lsvels were obtained by mak=-
ing .delayed coincidence measuremsnts batuaﬁn the K-conversion slectrons
fesding or smanating from tha lavels and the cerresponding cascade
'Y =rays. 1" x ¥2" plastic and 1 3/4" § x 1" Nel crystal eerved as
the llactren'and“f ~pay detectors respectivsly. Fig.7 shous the lifg=-

time curve .for 287 keV levei.

2y-of 133 ksV could be sean from E£p = 2,5 MeV cnuards

in thin targatﬁapnctra. Hbuavér,’at lower proton energies, this uss

'nueknd by the -36 knv ‘I -ray lins srising rremJAL =decay of 7559 sctivity

and a1 Hﬁyp,pl) resction. The K-cohversion slsctron lins corrsae

* pon ' ghiimy. véy Gould be very clearly sesn with ths spectrd-

;piﬁg L xqitétjanfﬁhctiqn:Por this transition has =lso bsen moasurod

‘R;Eéﬁfiﬁd?ﬁytfgﬁg:ﬁﬁgyehuld; The threshold comes éut to be 2.2 flel,




- .

The level scheme of 755a is givan in ref.2. From the earlier
,nnaauremnntg;)i the anguler distribution of W’ -rayqz)'andfthq present
" data on conversion coefficisnts, the following.spin and pasity ascigne
pants could bs made: 112(7/2%3, 133/9/2%), 287(5/27), '

428(5/2") and 664(5/2"). An upper limit for the lifetime of the
112.0 keV is found to be about 0.8 neec which 19 consipfant with the
predominantly M1 cheracter of the transition. The 287 keV lsvel has
T2 = 1.2 & 0.1 neec. This differe frém single particls estimates by‘
a factor oful03. Tha 133 keV level has TY2 = 4.13 # 0.7 na.

1) Baldev Sahai, Be Lal, Proc. of Hucl. Phys. Symposium, India,
Vol.2 (1970)
2) 8. Lal and Beldev Sahai, to ba published in Proc. of Nucl. Phys.

- Symposium, India, Vol.2 (1972) v
3) S«K. Ambardekar, C.V.K. Baba and S.M. Bherati, Proc. of Nucl,
Fhya. Symposium, India, (1969).

L Teble 4
rensition Ener ' A K Multipolarity
‘L"'Tke'vj e ’
m2 .. (.04 % 0.07) x 1wt M +9% €2
v 138 1,37 4 0.10) x.107% B2
(3.011-_0.19) x 1073, B

£0.97) x 107 M
‘+3.35)x 10—4 7 -v T

£ 0,16) x 107
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1. Excitation Function for the Goamma~rey Yields From Alpha

Particls Bombardment of 19 F in the Range 3.96 to_4.55 Mel -

M, ‘Balakrishnan, M.Ke Mahta and A.S. Divstia - Low-lying levels
flfizaﬁa haba bean studied extansiuelyl). In racent yeers Dubnisz)
‘has inuestlgated the levels in 23Na upto an excitation of 7.75 Met
1n a study of the rsaction MQ(d,oL)zaNa. He extracted a nuclear
taqperature of 2.1 MeV from his data and fornd that tha level density
for 3Na agreed with that of zaﬂg in ths same region of sxcitetion.
Thare has been littla information on the energy levels above 7.75
MeV exciﬁation except that from the work of Freeman and Nan13)° Thay

hava mude a study of tha yield of gamma rays following the bembarde

: m.nt of alpha particlas on 19 F targets for incident snsrgies ranging

.-,5 tu 4.55 Nav. They used a Nal(Tl) crystal to detact the
"g,nﬁé-:aye. “We have undertaken a study in this region of excitation
Hfhfudgﬁ’tha inciqént channel 1%F + & , with a view to get more
‘detpilad irformation by employing higher rasolution {~7 kaV) 88

\’unllxés measuring more exit channels utilizing e Li drifted Ge

- detsctor.

lbout~D.yuA analyzed besm cf He® ions wes used to bomba:d -3

"30 cme diamster scattering chambard) with an aluminium
:m;c;dns thicb for mounting s Ga(Li) datector wes uesd
:gamma rays wore datectad by a 30 c.c. Ge(Li)
BD"Forusrd sngla at a distance of 2 cms from ths
laaﬂrasulting from the bumbardment were 8iep

lid stata dltactars at three backuerd anglsas. Howsvery



the charged particle results ars not reported in thié paper. The
aignalsfgfnﬁ tha Ge(Li) uaré Fsd’into a AQBE channsl anelyasr using
conventional qiéctrnnica. following are tha anérgias af the gomme
rays identified in the resulting spectrum} 11@ .and 197 keV resulte
ing from the lnelestic scattgring, 1.275 and 2.073 MeV from the

(XX ,pl) and (A ,pz) reaction and 583 and 891 keV from the (OL,nl)
and k&,.ns) reactions. Excitation functions were haasurad for thase
gemms rays over the Bnmbarding enargy range 3.96 to 4,55 MsV., A
iarga number of rssonances, 36 in all, are observed indicating a
high leval density in' the compound nucleus 23Na, Tha excitation
functions are shoun in‘fig. S « Tha presence or absance of soms of
the resonances in different channals indicate: highly selective decayn

of the corraesponding lsvels in 23Na.

~ Any meaningful analysis of this data in terms' of lavel widths
and«leval_geparatinn requires a knowledge of the enargy loss of the
alﬁha paréléie beam in the target material, This was determined by
_ maaauring the experimantal width of a2 resonance in the Li(d(.oc)ﬁLi

: teactinn at a bumbarding enargy of 2.80 MaV from previcus wnrk )

i'_éJha maasurementmia ahoun in Fig. 8 .+ From this an energy lose of

¢;71? x‘kav for 4 MBU alpha particlns was maaaurad to be the affect of

'E}-thv targat thicknssa.=

The experimantal widths (r’ ) and the leval positinna (E ) wera

?fnxtnactad by fitting a Lur@utZLan under sech obseruad psak (including

.Vv_nnaa) @0 that tha croaa sectiun batueen tuo peaka wsn giuen by the

' tha twu or more Lnrsntz;ane undarnaath. Thia~prucadure is Justi=

d" ang sﬁgﬁﬁféﬁﬁéﬁiHthﬁ “de’ >‘yf£ﬁtbggat!'
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over any kinematie intezfersnce effects. The dynamic interference
due to two levels of the same spin end parity occuring within a
spacing of about 7-10 keV is 1likily to modify the Lorentziasn shaps
only marginally. The observed level spacing (S) distribution with
bin size of 4 keV is shawn in Figs 1@ , The maximum occcuring at =
finite spacing 5 around 12 keV is evident. The curvas show the
expected Ulgnn{}%‘.u‘,c_%%)}on a similar realistic distribution,
as wall as the sxponential distribution which eclsarly ies not the
right one for the observed spacings. The abasrved lavel density of
61 lsvels/MeV was convarted to nuclear temperature by mesns af the
exprassibna W{E) = Co x pz(arz)v2 and E = 882 uith C = .55 Mev™l,
A value of 5.5 MeV for the temperature 8 obtainsd this way agress
with k»2wn values for similar mass number in the region of excitation

of 14 MeV.

As e largs number af channels are open in thie region of excite-
tion, the total decay width of each level may be mede up of a large
number of partisl Qidths roughly equal in magnitude. 1f such is the
casd the yleld in eech channel for a particular resaonance will lergely
be goﬁernad by the panutrabilitias involved in the exit channel.

Thess penstrability calculations are complete and indicats differances
of an‘orﬁhr of mag;itﬁde botwean differant values of l, « It is hoped
that by'compgring these uith‘ratioa of the yield, some rough assign-
nents fﬁr,tha‘spin and perity of the levels would be made or limits

would be established.

1) PsM. Endtland Ce Van Der Loun, Nucl. Phys. AL05(1967)26

" .2) 3. Dubois, Nucl. Phys. A99(1967)465

Freeman and G.S. Mani, Nucl. Phys. 51(1964)593

ﬁi‘akf';hhén,ydéscfibéd elsa where In this rspert.
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8. Transient fiﬂlda en 56Fe in Fe at Low Recoil Energies end g

Factara of First 2 States in ?qgggj 110 Fd and Ru = YoK. ﬂgarwala,

A.F- Agnihuhry N C.V K. Baba, Se K. Bhattacharjaa s He Ca Jain® f M C»s
Joshi* and PuN. Taqdon - g—Facturs of many vibratinnal states have
bean measured racentl} using IMPAC techniquaal). In almost all thaae
lxpoiimantu the racoil energies ars quits largs {~r 16 Me¥) énd tran-
gient flald effects are quits predominant ln many coses inuolvin-g
states having extremely short half-liuaal). 5 garies of expariments,
in which the recoil anargias ﬁera much lower, wers .carried out with

8 viou of datermining g-factors with lesser ambiguities.

gaﬁactora:of firat‘2+ atates in 108Pd. llﬂpd, loaﬂu were maaaured

uaiﬁg techniquses similar to ﬂhoae dascribed earliarz). Iron alloys
with Zﬂi;t.% pd and 5 at.%Ru wers used in the present esxpsrimant.

A 5 eV & -beam wee used ta Coulomb excite tﬁa levels. Two Ga(lLi)

. detsotors, one 20 c.c. end the ather 30 c.c. were used far meaeuring

Re These detectors ﬁera located et 135° and 225° with respact to tha

beam. The Field at Pd in the alloy used was measurad in a separats

sxparimant by utilising the known g-factor of the 512 ksV atate in

Tahla 3
K5 g '

0.36 + 0:14 & 0.51%*

1477 & 0413 %
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56
In the case of Fe the g~factor has been measured from padio-

3
activity work ) and thue the contribution dus to trensient fisld to

W Tis found to be .

W Tyrans = 448 £ 3.4 m Rad.

The measursd values of G5 T for the Pd and Ru stetaas have to bo
corrscted for transient field effects. According to Lindhard & minthsrd)
trensient fleld is proportional to Z. Using the theory of slewing douwn

and the values of recoll energy far Fe, Pd and Ru the trensient field

affects for Pd and Ru are computed to bs

W T ¢rang = 5+ 3 M Rad for pd
"= 6 + 3 m Rad for Ru.

The g-factors derived from the correctedo:) T valuee ars also given

in Table 8. These results are in very good agreement with sarlisr murkg7

1) L. Grodzins in Hyperfine Structure & Nuclear Radiaticn - North
Holland, Amsterdam (1968)607.
2) 5.K. Bhattacher jee, H.G. Dsvare, H.C. Jain, M.C. Joshi and C.VY.K. Beba,

Hyperfine Interactions in Excited Nuclei ~ Gordon&Breach, Londen (1971}108%

HeCo Jain, Ph.D. Thesis {1971), Gombay University, unpublished

3) H. Appel and We Mayer, Nuclear Physies 5;!1963)393

4) j-nLindhnrd and A, Winthsr, Nuclear Physics A166(1971)413

5) GaMe Haeétand, R«Re Borchers, B. Herskind, L. Grodzin, R. Kalish and
D.E. Murmick, Wuclear Physice A133(1969)310

9,  Spins of Low Lying Levels in 7559 =~ Ba Lal. end Baldev Sahai® -

In continuation oé our earlier work on the level scheme of 7559,
anghlar distribution of 112, 141 and 428 keV tranpitiona at an avaerags
homhérdihg eneréy Ep = 2.37 MeV and thoss of 377, 611 and 628 kel tren-
ysitiuns aﬁ an avsrage bombarding energy Ep = 2.635 MeV have bas cerried

‘ _éuf?uaihg 30 cece Ga{lLi) detector for gamma ray detection. By comparing

“'iﬂéﬁﬁéisyofvTata Institute of Fundamsntal Reseerch
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experimental engular distribution with the caluu)ationa bassed on
Shaldon's formalism (Rev. of Mod. Physlcs ggglgss)las); of Hauser—
Feshbach statistical model, the x 2 ve_tan-kS for each of the
tranaitiuné'hﬁba bean plotted (see fig, 11 ). The results for the
spine of various levels derived on the basis of 0.1% confidence

limit for the }_2 Fit are summarizad in Table 6.

Initial’ Assignad spin Finsl stage Mixing ratio =
State ' E(keV) h
(keV) :
12 7/2 pee . 5/2%  ~0.09%0°03 ar -3.2730:48
428 (?/2, 5/2, 3/2) 287 3/2° Unconatrainad
428 (7/2, 5/2, 3/2) ges  5/2¥ ° unconatrained
611 /2 9.8 s/2* -0.035 to +0.18
 (s/2) ~0.36 or +5.7
(9/2) ~2.14 to ~2.75
628 /2 ges s/2* -11l.4 to +0.14
(5/2) ~0,47
(6/2) ~0,36 to = 2.75
664 5/2 207 3/ 0,02 to + 2.75

k]
——

and ia having tha highes :

Jnr tha knnun levelaaln light nualei.V To cunf”'

'”:bon baQR;ngs-UgTha;anglaéfbf catt g were




-21=
relatively low but very good specira were obtained, singe the target
used uaia\ thin. There is some indication for existance of anomsalies
in the excitation function in the region 3.9 to 4.3 MaV incldent

alpha ensrgies, which are not yet rapurted in the literature and hence
\

further studies are plamned in this region,

11. Calculéf;iun of doorway States in Elagtic Scattering -

S+8. Saeini and 5.X. Gupta = Using Payna'al) formalism for the salculs-
tion of isolated bound door way states ocecuring in neutron sleetic
scattering, 8 computer progrem has hean written to calculate the
dontuay state ensrgles for eingle closed shell (S.C.5.) nuelsi. The

door way state esnergy Ed is given by

¥
Ed=E° +<30F VHTTL S0P > — B, (1)

whsere Eu is the sum of tha three quasiparticle enercgiss, Bn is ths
neutron-separation snergy of the (R + 1) compound nuclsus. 1n writing
the expression (1) we aseume that all ths encrgiass are measured from

the top of the potentlal well.

The matrix slementd 30P | szl 3QP> is calculatsd using harmonie
oscillator wave functions. A closed expression was found for cslculat-

ing the rad:Lal :lntagr:als as is glven below

3/, ) h '
—av Yo —- AL b
T(RoRorg, R R..“.,) =CD G- - )
Al A g e 1k gt
(6 « 2t e) | Y T )“ T e
{_ [ ’]\\u E g\—-‘:—‘h L) L L=t

[{%U. + k) + I} ] t)(ﬁ::‘“)!;] (2)

The guasi perticle energles were calculated using a code QUASI
Tﬁh;lch solves two coupled eguations in chemical potential A and half gap

"a'rhefrg“y ‘A starting from approximate values of A end A and thg
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eingle particle ensrgies. Ths quasi particle energy is givah by

A R E )

wherse €J are single particle lavels. }s and A are found by solving

the following eguations for A and A simultaneouely.
el = Lt =\ (4)
by -I(G‘,--h)w—..."g-
Z SOy Cr— &=2 1 = N (s)
{Le- N x)"'-""...&*
where G 13 the pairing intersction, o is tha pair degeneracy of the

single particle levela and N i the average number of nycleons autside

the closed core.

§light menipulation of these squationa gives the exact valuss of

] Xtand A as
_ 6 1, gL 4 Z /L“ EJ'
X I £ -lZ i 7 (5)
It . { \. ho
- e N | — /
To etart this jfteration process we start from approx veluss of \ and A

A= IGJ N )
o A a:a“u (-'u- N)) - = f"";r
o Theaa calculationa will be axtanded ’co protun scattering,
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v ( ) MZP(ZH) mx Wl,s(Zn)
exp wzp + Wy sz + Ux .wls

whare Ynxp is the'azparimental yiald of‘nn, N:l is the total
absorption rate for the nl arbit and'wx is tha X-ray transitign
rate from 2P to 15 orbit. ® can be deduced From the intensity

attenvation of X-~raya, If we substituta values for varioue terms

for lzc,

=4
v.xp(zn) o (wzp + 0.4 x 10 Uy g )

Houwsver, dua to the strong overlap of the plon wave function with
the nuclear wave function, mls is about 104 times larger.than Hzp
This is cumbensated by tha lﬂ-évfactor appaaring with U g+ There=-

fore, the contribution of 2P and 15 pion in 120 nucleus 1s comparablas.

Wa havé done the calculations for 12

C nucleus including the contri-
bution of both the 15 and 2P pions. The computed results are
compered with ths expsrimental data of Cheshire and Sobottka. It

is found that the agreement is good for ths ébsorptlnn of pions on
(19)2 nucleonss For the absarption on (lp)2 nucleone the agreement
bocomas bad. For these nucleons the computed results agree very well
with the experimental data if the absorption of anly 1S plons ie-
4nonsidered. |

15. ‘ Pinn Absnrgtiéﬁ ﬁnd the gf;ﬁnturaidfjsii‘Nﬁciaus = BeKe Jain =
The aﬁailéble data on GLi(ﬂh,nn)’reaction are snalysed using tha for=
ﬁailaﬁvua had daugIopsd sarlier, The pions in 1s orbit are described
by the Seki-Cromer wave Function. For the OLi the cluster modalz;3::t-
ions are usad. The perameters of this wave function are tsken from
the,literature:mhére they fit the binding energy, quadrupole moment,
chgggeLtorm.faétor and the (p,pd) reacﬁidn data on SLi. 1t is found

,thétlfoﬁ (Tf.nn) reaction these wavs functions give 2 rsceil momentum
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distribution which falls off rather too rapidly. Furthermore, while
studying ths seénsitivity of the recoil momentum distribution to the
inter cluster wava function, it is absarved that it depends an the
inter cluster wave function nﬁly beyond 4.0 fm. It is suggested that
the discrepancy bstween the celculated and ocbserved distribution may

be removed if the mechanism of both tha reactions ('7,nn) and {p;pd)

are made little more sophisticated.

To be published in the Procsadings of Nuclear Physice and Solid
State Physics Symposium, (India) 1972.

Resction in the. Ensrqy Region
of 2l 200 - 1000 ﬂev - 8.K. Jain and R. Shanta® = A report, which d-acriban

the DuIA (Dlatortad Wave Impulse Approximation) computar prngram for
£DC=3600 in FDRTRAN for the analysis of the (p,2p) reaction in the
co~planar asymmetric gaomatry, is prepered. The progrem uses the di-
proton model for the description of the final state, WKB approximation

for the 1ncnm1ng’and outgoing distorted waves, and reletivistic kine=

qgg_ Aa_th'au approximationa ars ualid only et high energy. this

‘cod- is:suitabla forﬁcalculatlnne in hhe 200 - 1000 nsU reglun of
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15.

Investigation ef Alphs-Triten Cluatering in 7L:I. by 7Li!pggtldﬂa

Reaction ~ A.K. Jain and N. Sarma - A relatively small t- O% aeparation

ehargy makas the 7L:I. nucleus interesting from the point of view of
cluster model. The study of such clustering phenomenon should bs
possible through clustar knock-out reactions. Therefore the reaction
7Li(p,pt)4He Gés been analysed uasing complstely antisymmetrized cluster
model wave functions in the distorted wave impulse approximation (DWIA).
The intercluster wave function used in this work has an sxponentisl
asymptotic bshavicur corresponding to tha (X ~t eeparation energy. Thas
distortions of the scattering states have been found te P11l up the
valley in the angular correlations snd suppress tﬁn‘luwar angle peak

by sizable amount. Though the effect of exchange terms has besn af
opposite nature on 156 MeV and S5 Mel calculations it is of lass import=
ance in deciding the shspe of the angular correlation curves becauses of
smellar megnitude of such terms. The calculatiaons reproduce both ths
magnitude and sﬁapa of the angular corrslation data at 156 MeV. It is
very encouraging to note that without the introduction of any fres

parametere the sams farmulation fits the data at 55 FaV as wall.

16. Params tepisation of the Elastic Scattsring of ZBSQVFrum 283£

with Nuclear. Optical Model -_S,S. Szini and M.K. fiehta = Celculations
" are taken in han& t.&;'fjéi't-. the. data obtained at Chalk River Nuclear
Laboratory by Hausae:bet al.l) on ths reaction 2651(2851,2851)2851
ﬁeing the prugrammé:LNDP obtained from the University of Nashingtbnz).
This programme is spscially written to dsal with the scattering of
identical particles and has e provision to include an Q. dependence

for the -imaginary part of- ths.optical potential as suggested by the
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FeS5eUs Gruups). Hausear st al. fitted théir angular distributions
obtained at the c.m. bombarding energy of 20, 25. 30, 35 and 40 hel

by the simple Blsir Model ). Our preliminary reaults suggest ‘that

the relatively sﬁallou ( 30 meV) opticsl potential used around this.
ragion of mass for thu;peavy ions da not produce goud-fita'tn'tha data,
ir 1 dependance is not included. A set with very deep real potantial
(180 MaV) does produce a good fit ét lower energisa, hououar,Athis
value 1s considerad unrsaliatic. Tha affect of inciuding the 4 dapen=

dence of the imaginary potsntisl ie now being investigated.

1) 0. Hausser, T.K. Alexander, A.J. Ferguson and A.B. Mac donald,
Bull. Ame Phys. See. 1I, 15(1970)630

2) This progremme hes been written by R.W. Shew (Jr.) of Univeraity

" of Usshington, Scattls, UsS5.A.

3) R.A. Chatwin, 3J.5. Eck , D. Robson and A. Richtor, Phys. Rev.
£1(1970)795

4) 3,5. Blair, Phye. Rev, 108(1967)827

17. 'Hartree-rock—éngoliubou Caleulationa for Evan—-Even Nuclel

in E-r Shall - Jynti Ko Parikh - Hartrae-!‘ock-angnuubuv (HFB) cal-

culatibna ars”dona ror suma”euen-auen nuclai in tha p-f shall taking .

It is observad that tha nucl it

Zn ajndv.*Gé}if:[ad%opesi.sg'-"Whé.:gﬁh;,v
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ie obteinad for 667, ong 70g,

persent method in 64Zn are discuassd.

+« The reasone for the failure of tha

18.  Harires=-Fock-Bogoliubov Calculations far the odd Nuglei -
Jyoti K. Parikh - Hartres~Fock=-Bogoliubov (HFB) mathod is & pawerful

method 1f one wants to handls many nucleons outside the closed core in
a reasohable configuration space, to consider deformation and to includs
the pairing correlations.

Encouraged by the success in the even-aven nuclsi HFB aguations
arse raformuléted t; be able to egtend them to add nuclel ass well. The
blocking effect due to the odd nucleon is taken into account in the wave

function given hy . . _F
W =b.,+6._~“- (u+\/jb,- )|o>
i =it

Here L6H¥E)ia used to derote the state which iz occupled by the odd

nucleon, j raefers to all the states other than & stats. b+ ars the
creation operators in-the deformed basis.’ In order to solve for \p ,ue
make the usual quasl particla transformaticn. On meking this transformation,
it could be shoun that the density matrix 1s hermitian in ths sphsricsl

basis.

”?Sihi;arly, the palring tensar ¢t is antisymmetric end can be reduced
td;g@q;bgkffﬁrm'in the deformed basis. Taking the expectation valus cf H

and”ﬁéihQJWfék's thebfam;‘and minimizing ueing iterative procedures one

obﬁéltf{the selfcnnsistent solutions. ©One finds that i and j states
influanca each othar by HF potential only, whersas j states interasct

amung;themsalves thraugh HF as well as the pairing potentiale Minimizing

H uith respect to U, Y tha deformation cosfficients cX, one obtains
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modified for tﬁg,heqfrons and for the protons 7 MaV is adqad to

account fur.theitou;omh repulsion. The results for the binding

anergiaa,gepa?étioﬁ energies aﬁd the palr separation ehergiaa are

given in T§b1; 7. The intrinsic quadrupole momants aré also given.
AN

The calculations for the moments of the ground state and Tirst excited

states and BEZ ang in progress.

Table 7

The binding enargiss, the neutron separation ensrgies and the )
pair separation .ensrgiss are givan in MeV, The relative intrineic
quadrupoles moments are given.

Nucleus Binding snargy S6pe Bnergy pair sep. snergy Intrinsio
Calc. oXp. calca axpe calec. exp. Q

%1y a6 3982 - - - - - 19.5
4754 405.0 ©  407.1  10.4 8.9 - . - 214
481 a15.4 a18.7 0.4 11.6  20.8 20,5 17.6
By 420 426,39 9.7 8.2 | . 16.2
011 435,7  a37.8 1046 0.9 20,3 - 19.1 11,9
Slyy - as3.8 ass2 9.4 6.4 13.6
S0cy 432.0 435.0 - - 2446
Slep. 441.4 44,3  11.2 9.3 1648
%2ce 453.3 456.3  12.4 11.2 21.1 21,3 21.8
53¢ce 462,86  468.3 9.5 7.9, 2843
54ce 473.9 . 474 11.1 9.7 20.6 17.7 23,7

SSgr 482,30 480.20 8.4 6.3 . 214

e am CUT B | - ‘ 2.8
55, B

©aBl 10 8.3 ‘ 14.8
© 49242 11.2 11,2 21.8 - 20,5 10.4
499,797 7.6 2448 -

Fikh, Phys. feve 5C{1972)153
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19. Tha Electromagnstic Propertiss and the Spactroscople

Factors of the p~f Shell Nuclei - Jyotil K. Parikh = The calculations

A a—

of the elsctrnmagéettc properties of nuclei provide a sensitive iteat A
fﬁr-a‘giﬁan nuc1ear model. The sign and magnituds of the guadrupole
moment of the first excited state (Q2+) in the case of an sven-avan
nucleus gives information about the nuclear shape and the amount of
defarmation respectivaly. BE2 values are propertionel to ths squars of
the matrix slements and henca are mare ssnsitive to the wave function
than the nuclear spectra. For this reason, BE, and Qp4 ere calculeted
employing the HFE wavefunctions with which good agresments with spsctre
and binding energies ars obtained sarlier. The comparison of the values
given by the simple shell modsl, projectsd Hartres-Fock (PHF) method, ths

prosent method (PHFB) and ths expstimental data is given in Table 8.

The. spectroscopic factors contain vital information obtained from
the one nucleon transfer reactions. They indicate the amount of confi-
guratiocn mixing which should be simulated by a given two-body force and
shed light on the validity of the oclosure approxirations,; s.g. the present
study shows that to take SENi is not a valid approximation by showing

. that. there exist.holes in tha‘f7/2 shells for these isotopes.

Tha- é6lpation probabilities obtained from the present calculations

' &;é?éivan‘iﬁ Tébi5f9},}A
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Teble B8
(BE2) g/ (BE2) PHF PHED Expa
XPOTTTI8R (0w u31) (0 m e2)

461y 14 442 646 B 4 1.7
48qy 13 346 5.06 7 & 14
507y 6 2.4 2.0 3.2 + .8
50, :

Cr 25 7.4 11,1 12 & .8
52

Cr - 546 5.3 6e7 & o7
5
4cr - 7.4 Be6 10 4 .7
5rq - 5.2 4 Bol £ o5
56¢6 - 6.8 8.7 9.0 ¢ 1

2nd column indicatses the ratio of (Bf§f§251:5ﬁ§'§t2 obteined from
the single particle shell model. The 3rd, column indicates tha PHF
results modified by taking the correct-radius. 3.6 raZ. The present

‘pesults PHFB are. ob
charges

tained by taking a<=;§éiyﬁére e is the effactive
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Table §

Protons Neutrons
Nucleus Py,  Papp Tsy2 Fosa § P2 Pz sz T
7146 L a2 5 1,32 13 .50 22 3,10
1148 08 .32 13 1.46 .12 .51 .25 5,07
1150 05 W2 A1 1.62 .10 .43 24 7.12
Cr0 13 LBl 16 2,92 45 1.0 72 3.88
cro2 10 .76 A1 3.04 52 1.04 .86  5.55
ced 08 .57 10 3.27 46 1.0 Sl 7.63
Fe® .68 1.31 .79 3,22 .66 1.28 .95  5.18
Fe°® .30 .89 48 4.33 53 1.1 84 7.52
FeS0 27 1.01 21 4.5l 72 2412 1,59  7.57
n158 .50 1.18 72 5.6 .57 1.18 .80 7.45
n150 .68 1.64 19 5.50 .83 2,18 1.95 7.1
ni52 .38 1396 .17 5.48 .93 2.55 2,75  7.76
N154 .18 1.97 W08 5.77  1.44 . 3.60  3.04 7.7
‘Zn54 93 2.4 6l 6l 1.30  2.66 2.7 7.3
2% 1 246 28 6.4 1.5  3.61 3.0 . 7.8
2% G2 e a1 74 1,56 3.72 4.8 7.9
Ga’C 57 3e6 R X 1.96  3.98  4.11  7.94
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1. A Fast Neutron Time-of-flight Spectrometer for Uee in
Meutzon Genme Rey Cofncidence Experimente ~ N.L. Ragoowansi And
M.AR. Eswaran - For use in neutron gamma ray coincidence expariments
in nuclear reactions a fast neutron time-of-flight spectrometes
arrangement has beesn set up. A plastic scintillator mountad on
XP1040 phototubs is ussd for neufran detsction and NaI(Tl) sc&ntic
llation counter is used for gamma rays. The main part of the system
18 2 transistorised time=-to-amplituda convertor which is built based
on the circuitry published in rsferancel). This incorporates in
addition to the'tima-to-amplitude‘cnnvertor, a fast coincidencs
arrangement which tr;ggers the T.A.C. enabling the timesortsr to bs
operated by only the coincident events. The block diagram of the
apparaﬁua ie shown in Fig.l2 . Uslng neutron gamma ray coincidencea
from the reaction gBe(OK,nr)J'ZC from Am= OC -Be source the perfor=
mance of the sbove aystem has been checked employing various flight
paths. The examples of the stuch time~-of=flight spectra are shown im
Fige 13 « This system is also useful in general coincidesncs experi-

ménta for recardihg*réndoh~and true plus random spectra éimultanénusly.

'1] R.Bs Tomlinson and Re L. Brown, IEEE Trans. on Nuel. Sci.,
April 1964, p.ZB.

2. étabiliser'for PNAUD.Accelerator = M5, Bhatia = A prototype
of tarminal voltaga stabiliser has bsen das;gnad and built, It 13 B
thraa stage differantial amplifier which Conipares a voltage davelopad

8Cross a raaietanca in snries with the column current af the accelera=

tnz uith tha voltaga from’ a standard cell of 1.5V, The output of
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this amplifier controls the corona series tube snd thus controls the

terminal voltage.

The esystem hae boen incorporated in PN 400 Van ds Graaff
accnle;étur. Its stability hae been found to be bettar than 2 0.5KV.
At presant different values of column current series resistor ars to bo
usad For.accalaratar terminal voltage changes of mora than 100 KV.
Work is in hend to build a more preciss stabiliser uwhich will give &
ftability within & 100.velts and do away with the nesed of changing

this resistoi.

3. Non Linear Effects in ths Wan ds Graaff Analysing Magnet -

S.5. Kexekatte, M.5. Bhatia and M.K. Mehta - A discrepancy was noticed
in the vslues of energies at which rescnances wera observed in the
study of the reqctinn 24ﬂg(a .a)24mg at this laboratory as compared

to tho same resonancds observed at some other laboratory. A study was
undertaken to trace the source of this discrepancy. It wes observad
that the magnitude of the discrepancy was proportionsl to tha nominsl
enaprgy itself, i.e. resonances in the same reaction but at snergiesa
sraund 3.5 MaV agresd within 10 keV with previous valves while around
5-5_ﬁév the disagraement was as much as 120 keV. This could be only
due taltha“éaturgtion effects setting in, which made thé magnetization
curue‘n#nlihearzét fields coensiderably lower than uhsre it was expscted.
The magnat was then ﬁested for nonlinearity and local effects by placing
ths NMR probs at‘a nﬁmbar points within ths gap and by observing the
ldﬁal fialﬂ variction as a Punction of magnet current. The results

indicated that the local field against current variztion started

deviating from linsarity at a field vhich corresponds to about 4.00

lphe perticls besm snergy. The magnst saturates around 13.5 kilo-
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gauss. Experiments are underway to systematically investigatas
this effect utilising,resonances and thresholds for a number of nuclesr
reactions. Once complets, this will yisld corractions required for

energy values when sipgly charged 4Ha and SHB beams are used.

4. Performance Testing of the_New Ion Spurca Beam Filter Assembly

Installed in_the Van de Grasff Terminal -~ S.N. Misra, 5.5. Kerekatte,
M.K. Mehta, S. Kailas, S.K. Gupta, L. Kanatka;.36d~m.5. Bhatia =
The pre~injection e/m analyeser system described in an esarlier rapnrtl)
haa been installed in the terminal of the Van de Graaff accelerator. °
The preliminary performance tests have yilelded en 4HB+ currant
of more than S/g emp of analyzed bsam at a typical anergy of 3.5 MaV¥
on the beem stopper. UWith the same setting of the tarminél voltage an
analysed beam purrsnt of 70sm-amp has beeﬁ measurad onthe beam stopper
with the 90° analysing magnot set faor 7 MeV 4He++ enargy+ Experiments
are in progress to identify this beam as the alpha particle beam through
known puclear reactions. As there is a probability for en HH+
besem of 3.5 MeV energy to pass through ths snalysing magnet at the zame
setting, a test through nuclear reactions is>nacessary before a pmsitive
identification can be made. The parformance of the beam filter=ion

v source agsembly after installation at sits has not changed much from its
performance on the bench set up. It is expected that high Eaam currents
for ell particles (ekcapt the HB++) will be available and the installa= _

.tion of this system can be considerad as a first step towards installation

of a nanosscond pulsed beam facili‘y.
1) Annual Repart of ths Nuclear Physic. Division - 1970,

| BeRsR.C-557(197103
ersity of Bombay studant -
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5. A preset Scaler Control Unit for Data Recording System =
V, Tamwekar end 5.5. Kerekatte = A transistorized preset scalsr
has baen built and tested for sutomation in nuclear data collection.

The automation is achieved by controlling a pulss height analyser
and an electric timer for 8 preset range of counts which extend

8 X .
upto 10 counts. This instrument is useful in ths precigion measure-~

maent of nuclear reaction cross—ssctions.

Ga Beam Profile Scanner = C.V. Fernandes and S.5. Kerskatte =

A beam profile scannsr has been designed and partly assembled. This
instrument will display the beam profile along two axes at right
angles to each other. The profile will be displayed on a dual

trace oscilloscope in the control room end help in remois control

of the beam steering parameters. such as deflection and focus.

Te Scattering Chambers = M. Balakrishnan and C.V. Fernandes -

1) A 12% scattering chamber was built which accommodates charge
particle detectors along with a Ge-Li gamma ray detector. There is

a well type window 6.35 em in diameter at 80° forward angle, made of
0,78 to 0.43 mm thick aluminium, so as to reducs the absorption of the
gamma rays at the window. The depth of the window is such that a 30 c.e.
Ge(lLi) detector placed in it will be very nsar the target (about

1,5 cne). There is provision for only ona target mounting supperts
Howsver, two target frames can be mounted ons abovs the other on this
suppdrt. A good ligquid nitrogen trap which need refilling once in 24
hours, is mnun;ep on top of the scattering chamber, so that ths coolsr
bottom region of thp‘tfap.axtands very close to the target position.
This helps in reducing the carbon build up on target considerably. The
chambar has already besn put to uss.

vii) A varsatiie 24" scattering chamber, which takes into account

mepy of the draw backs of tha'scattering chambers which ars in
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gensrel use in the lebaratory, has been designed and the fabricatiaon

ie in progress. The central cylindrical portion of the chamber has .

already been completed.

The following are the major features of thie chamber:

a) All the accurate geaemetries of the chember has been transferred
to the bottom plate which is of 18 mm stainless stocel plata.

b) Provision to fix six targqets and to change them without breaking
the vacuum.

c)‘Thara are no rastrictions in the number of detectors and thair
positions. They can be rotated together if desired , without
breaking vecuum.

d) A gamma ray window Por simultaneous maasurement of'\?-rays and
charge pérticlea .

) A removable liquid nitrogen trap, which will reduce the carbon
buildup on target, -and which can bs used to cool the Silicaon
detectors by means of leakage resistance, if desired.

f) Accurate and =sasy sslaction pf angles and solid angles.

g) Easy liftihg of top 1id through controlled lever arrangesments.

ﬁ) Fine control to adjust the chamber position along all the three

axes far alignment..

8. Beam Scannlng System for Ion-implantation work = N.S. Thampi

anh B.Ke Suéd = During ion=implantation work it is often necessary to .
sﬁéap»the ion-beam uniformly gver a2 fixed ares of the target. Tha

Pl 400 Van de Graaff Accelerstor has a deflector system coupled to tha
'sxteﬁtion tube for étaeringbthe beam. This consiste of four 10 inches
loﬁé 1l cms'dia stainlass stesl rods placed 98° apart on the circum=-

ference of a 3 cm dia circle and positioned inside a 3 inches dia

aluminiUmvxubeyby‘barspex-hgldars.‘ Electrical connections to the
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daflactor.roda are brought out through glass-metal seslo.
Steerihg of the beam is achieved by applying appropriate voltage
to cne or both pairs of thase rods. By using the same system and
applying sau-tooth swesp voltages of differant frequency to the
two pairs of rods at 90°, a ractangular trace of the beam, of

uniform intensity could be produced on a target.

Tha energy of the ion beem from the PN- 400 accelerstor is varied
from 50 kév to 400 keV for different types of work. Also various kinds
of ions ars accelérated in the machine. To get a trace of 2 cm x 2 em
on a target with the present arrangements of auxildary equipment,

i.e. at a distance of about 1 foot from the deflector about 1.? kv

would be the maximum voltage requirement. ThusAa sweep voltage variation
of the order of 1 kV unH;d meet the present requirement. This éweap
uoltega'could be easily generated by modifying the existing H.T.

supplies made by the Electronics Division. From figure 14 it can

be ssen that the H.T. output is taken across a condensor shunted by

a potential divider chain of resis$ances. The last resistance of this
chain thch goes to ground is of 170 ks « The regulation of this supply
;s achisved by feeding the voltage across this resistance to the signsl
grid of a differential amplifier and associated ﬁnntrnl circuits. For
mcdificaﬁion to a saw-tooth sweep generatory, this resitance was replaced
by a.. 12 A x 7 tubs, tne plate of which wds connected to the HeT.

The cqpécitnrs in‘the output stage were disconnscted. A standard sau-
taoth éenerator was built using a 2021 tubs. The saw tooth signal from
this, after proper attenuation, was fed to the control grid of the 12 Ax 7
tuba. This makes the output voltage swing with the sau-tooth signal.
'fha’raﬁge of the susep can be adjusted from 300-700 V at the lousst
;;it;ﬁi?pbsifi;n to 505;15060 at the maximum of ths switch. Tuwo supplies

Qéféumbdified and suwesp fréqueﬁcies of 400 c/s and 40 ke/s were.obtained.
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By applying these voltages to the two sets of deflector rods
at right angles a rectangular trace of the béam_could be obteined
on the t#rget. Since the sau~tooth signal ﬁaea not go to zesro, the
tracs is nni centred and undergoss a diagenal shift. By applying
a compensating potential to the oppaosite rods, the trace could be
brought back ta centrs. The system has been found .quite satis~
feotory for producing a uniform sweep of ion-beam over a given

area of the targste.
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1. Ion Implantation Fecility = D.K. Sood, N.S. Thampi snd N. Serma =
lon implantation is a unique tool for injecting foreign atoms into solids
to alter and control their electrical, electrochamical, mechanical, meta=
llurgicel, opticsl, magnetic and superconducting propertiss. A versatile

ion implantation facility has bean sat up at Van de Graaff Laboratory for

a gtudy of these properties of solids.
A good jon implantation facility is required to possasss the follouwing

features:

8) Well stabilized beams of elmost all atomic species ;n the snergy region
of 10 to 500 keV

b) Analysing magnet with good mass separation capability.

c) Nagdetic/electrABtatic facussing elsments

d) ¥=Y scanning of beam to produce large uniform implanted layers

8) An efficient electron suppressor to minimise errors in beam current
integration. | ‘

f) Implantation chambar to house the substrate

g) A tuo axis goniomster for channelsd implantation er for post
implantaticon channelling studies

- h) Ultraclean vacuum system to producs vacuum better than 10"%Tors

1) Conventional _electronics for ﬁar;ib1e counting

. Tha preaent ion implantatlnn set up which meets most of the above

mentignnd equirsments is shoun schamatically in Fig. 15.

The HVEC model PN 400 Van ds Grasff accelerator is used for producing
the ion beams. It has a 400 kU positive terminal with a rf ion source
Vcépable of dolivering proton bDeam current upto 1sufga. This ion source
has baan Fnund to give adegquate currents of Xe® (nequtA), ket 2nd NF ions.

A gas manzfold has heen installed in the terminsl to house two gas bottles
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eithar of which can be selected from the control panel. 0ng of the
bEottles is filled with He to obtain alpha particles for analysing the
) implantad"sdmplée.‘ A terminal voltage stabilizer has been fabricated
and znsﬁt'aiiad' to get stability better than % 0.5 kV at 400 kV.

Arquadrupnle lens has besn fabricated and installed to focuss
the beam to a small spot size (s~ 1 mm diameter). An electrostatic
system for X~Y scanning of beam has been fabricated. It consists of
four stainleas steel rods pléced 90° apart across uhich sau=tooth valtage
pulses are applied for X and Y scanning. Frequency of X deflecting
voltage is 400 cps and that of Y deflecting voltage is 40000 cps. Pulse
height can be wvaried from 300 to 1500 veolts to adjust the range aof scan.

With heaﬁy ion beams, secondary electron emission from the Faraday °
cup region can be very copious; @.g. there may be as many as five secondary
slectrons per incident ion. Thus a rather efficient method is required '
for suppression of secondary slectrons., We use a 180 volt battery for
this purpose as shoun in fig. 15. The negative electrode eonsists of a
brass diec with a hole slightly larger than the target mask.

The substrate to be implanted, is mounted on a stainless stesl
flange which is bolted oato 8 six inch long brass tube. This tube is used
. as thé~Egt§ﬂéyfcuﬁ. Alternetaly, a two axis goniometer'can be u;ad es the

. : o \
Faraday -cup cum implantation'chambsr. Thus implantation along'ény predeter=-
minad_agfa af singlé crystal substrates is feasible.

o A'?ilidnn surface barrier detector is‘maunted in the goniometer

c'h'am'bé} éﬁ?i‘.‘s’ﬂ‘” to the beam directian. By using alpha particle beam (ﬂpto

' 400 k‘j) itha don implanted 1ayars can be analysed by backscattering -
“tae 'Tha output of the detactor is fed to & uonventlonal preampli-

Bna aof the thrae pulse height analysars -at the

'_fyggg;thgn used for obtaining thp;sﬁqét;a.w



-4]-

. A three port enslysing mepnat has baen desgigned for meses
selaction of the heavy ion beeme. The maximum magnetic Pield of
g.s k gauss would be udnqunta_for bending He¥ beam at 500 koV by
10%, Good masg sapapation upto meéa number 132 would be availablo,.

At present, we are limited to using only gas ions ae the rf ion
source accepts only gaa charga. A vereatile lon source capabls of
supplying ions of almuat,all atomis species is being acquired. lUork
is in progress on fabrication of & two axie gonlometer, an imnlantation
chamber and s muffls furnace {foxr poaf lon implantation ennaaling faci-
lities). Orpitron ian pumps and sorption pumps are beimg installed to

attain ultreclean high vacuum (< lﬂ-BTorr).

2. Implantation eand Recoil Implantation Studias -~ D.K. Sood and
N.S. Thampi ~ Implantation of Xe* and ket ions into polycryatsiline Al
and sinéla crjatal 81 have been carried out using the ion implantatien
set up described earlisr. Rsecoil implantation of Cu into polycrystallinae
Al has been done using Kr¥ and Nt fona. The recoil implantation technigua
hae been used to make a thin p=n junction on an n-=type Si crystal by recoll
vimplanted Al dopant.

A pure polycrystallina Al semple was bombarded with 400 kaV Xe*
iana to obtein a 1 cm dismeter circular implanted laysr. The fluence of

¥e was 9 x 101E

ianalcmz as dotermined by the totsl integrated current.

Tha implanted layer was then probed with 40D, 300, 200 keV and 2 and 5 MoV
alpha bheams. Scattersd alpha particléa wers dgtactaﬁ in e detector mountad
aé 15D0° to the beem direction.. Figa 16 shous the spectrum for incident
anergy of 400 keV., The Xa peak, glthough merged with thse continuum

arisin§ féem thé thick Al substrate, is quite pronounced. IR order to
saperats the Xe pesk from the Al continuum, alpha particles of § FsV encray

uppa,uaad.v Flg. 17 chows tha spestrum obtained for & total charge of 5.%2

,Puc of ;ﬁgident alphas. The various peaks were identifisd Prom kinematlce:
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The Xe peak is now well separated from the Al continuum. The sharp
oeak at 1.2 MaV ie due to s thin carbon deposit on the subetrate during
implantation. To avoid cracking of clrbén on the substrate, attempts
wers made to obtaip cleaner and better vacuum. Liguld nitrogen traps
at the forepump stages proved extremely useful in reducing backstreaming
of oil vapour into system. This resulted in almast negligibla serbton
deposition as shown by the sbsence of carbon peak in the falluming
reeulte.‘ |

400 keV Xet ions were then implanted in a well polished single
crystal of 8i cut normal to £ 111 daxie. Total Xa+ charge uwas 14712’&8.
The 1 cm diemetar implanted spot turned to a milky apﬁaarancs due to
zadlation damage., The implanted crystal wae probed with 2 MaV alpha pap-
ticles, Fig. 18 (full curve) shows tha ecattered alpha eﬁectrumo Xe peaﬁ
is well separatad frem the Si continuum. Using the area undsr £he Xo peak,

the number n of Xe atoms/um2 can be obtained from the following egquations

A= 1.602 x 1044 N
a-? [, Y
where G~ ie the Rutherford crosssection in mb, q is the totsl incident

charge 1"’@C,£LJLLS the sollid engle in sterad aqd N 1e the tatal number o?
Gounts under the peak. Thus n is found to be 6.94 x 10'% tone/en? uhich
1s in agreemant with the fluence destermined from -the total Xe charge during
- implantation. Thie shows that the ascondary electran suppression was very

good, during beam’ﬁharge'maasuramahtec

~'fha ;mplanted'cryatal wae annealed in inert (Argon) athosphere at
1000°C for 65 minutes. - Thare was na change in the milky sppearance of
the 1mpiantsd,:eg16n shouing persistance of rediation’ damage, inaspite
of énﬁséiﬂtééﬁémuﬁﬁ.%‘Another‘éipha~spautrum. obtﬁinad after annsaling

* the oryatal, s shoun as dashed curve in Pig. 18.While thare is no change
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in the 5i continuum, Xe peak is much smaller. This shous thsrzal aas

releass of Xe during annsal treatment. From the arese under tha Xo

peaks, it is found that 20.3% of implanted Xe escapes during annsal

treatment,

250 keV Kr* lons wers implanted in enothar 5i crystel to a Pluance
of 6424 X 1014 iona/cmzo The 2 MeV alpha scattsring spectrum is shoun
in fig. 19. The total alpha charge of 28-58’#5 had to be put to obtain
this rather small psak aof Kr. Tﬁa small yleld is due to much smzller
dose of Kr and much smaller Ruthsrford cross-section.

If a8 thin film of a meterisl is deposited on tha substrate prior
to ion bombardment, the atoms of tha thin film material get iwmplented
in the substrate lattice by Q;ntua of thelr recoil ensrgy. This pheng=
menon of recoil implantation could turn out to be an efficient tool for
implantation of metallic ions using gas ion besms. As it is more -coiive=
nient and more economic to produce and handle gas ion beems, the racofl
1mp1ahtation technique is likely to find several industriel applicaticnsz
requiring metallic-%on implantation. We have, thersfore, started on a
research program to study the characteristics of this technique. The
program is aimed at ths study of’the nUmbarjg » of recoil implanted atews
.bar incident gas ion, the variation of\}& with incident ion dose, energy,
chdrge and mass, and of the dapth profile of the recoll implanted stoms.
Some of the preliminary results obtained so fer are described belows

Thin Pilms of copper {ranging from 37 gm/cm2 to 112 gm/cmz)
ware vacuum-evéporatad on polycrystelline aluminium foil se@plsse a*
and Kr* ions of 300 keV energy were implanted uniformly over a cireulas

13, 2
ares of one cm. diamster on these samples, to fluencesas107"/cm” to

16%%/cn.
Nitric acid is quite suitable for remcval of gvaporated capper

which is dissolved readily whereas aluminium is not ettackad by its
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Whan the implanted samples usre immersed in 20% nitric acid, it was
found that the chemical reaction rate is reduced considerably in the
implantsd region. Whersas copper in the unimplantad region of the
semple was removed in about 10 minutes, the 1mplanted region was covered
with copper even after twe hours of acid treatment. This was a mejor
axparimental difficulty in gatfing guantitative results 0"}3 o Some of
the qualitative results are shown in figq. 20 which shows speatra of 2 FieV
alpha particle scattering (observed at 150°) frnﬁ two such samplss bembapded
with 5 x 1014 ions/cm2 of 300 keV Ke'¥ (full eircles) and nt (open clroles)
lans, qut lmplantation traatmént of the 112fﬂgm/cm2 thin film of copper
(about three times the range of 300 keV Kr+) was done in 60% nitrvic acid
-for one hour. This time was probably long enough to remove all tha unim-
planted copper. The peak at channel number 54 is dus to tTecail implanted
copper. Similer spectra obtained after scattering frem the unimplanted
raglon of the sampless do nat show any such paag, indicaﬁing complete remaval
of cofper under acld treatment. The copper psak duse t. ke lone ie much
stronger. From fig. 20 we find that
,LLKE+
St

Thege results are in gualitative agreamént with the thadry»of Na],sonl3

= 8,23

which predicts a ratio of 13.

. The technique of rscoil implantation has besn used succesefuly
to dope Al atoms in an n-type 5i crystal. Ae Al is p-typs, wa get a
thin p=n junction 1nISi.
_An AL £1lm of thicknassgzlﬂuisgm/cmz (which is juét greater than
the range of 200 kgv vt ions in Al) was vacuum evaporatsd on freshly
et;hed'nétyeéu51 crystal of 2 om diamatar.énd reslstivity eof 10,000 ehm

cm. It was then bombarded uniformly with 240 keV N+ ions through 2
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circular mask of 1 cm diameter. The fluence of nt ione was 1015 mz.
Aluminium film was removed using concentrated Hcl bath fer ons hour.
In order to heal the radiation damage, ths crystal was annealad in
Argon atmosphere at 700°C for 35 minutes. It has elready been ahnunz)
that thess anneal conditione are optimum for obtaingng the largaet
carriser concentratdian,

Thé enalysis of the recoil implanted layer was dons with & het
probe which indicatss that the 1éyar is strongly p-type. Thus & p=n
Junction has bsen farmed; Tha sxperiments ars in progress to determins
the Jjunction characteristics.

1) R.S. Nelson, Radiation Effects 2(1969)47
2) J.N.vnayar, L. Erikssaon and J.A. Daviss, °Ion Implantation in

Semiconductors', Academic Press, 1970, page 183,

3. Radiation Damage in Si_ Implanted with Krt Ions = D.K. Scod and

NeS. Thampi = Channeling-effect measurements have been uszed axtsnaivelyl's)
to obtain 8 guantitative measure of the amount of disorder in lon=implanted
single crystals. Ue have used thie method to study the fluence depsendence
of the amount of disorder produced in <£111% Si by implantation of 200 keV
Ket tons.

An‘optieal grade polished crystal of Si cut approximately normal
~to < 111’>8:¢13 t;sas chosen for this purpose. The crystal was mounted on ,6‘
two axis goniometer and backscattering of 2 MeV alpha particle beem wze
used for aligﬁﬁent. The channeling dip, shoun in_flg, 21 occurs et
@ = +2.,4° and § = 75°, It may be seen that 95% of the incldent perticles
are channalad; The FUHM is equal to 0,96°, corresponding to a critical
angla of 0.48°, The random end aligned spectra obtainsd at 8 = 8¢ and
~2.4% are shoun in fig. 22. The energy of the scattered particles is a
messure of the depth of the scattering svent. Ths larger is the depth

of penetration, the smaller is the energy of scattering. Thersfore, the
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scatterod particles obsarved around ths largest channel numbers in

fig. 22 ndrreupund to thosas scatterad from the prnxihlty of the crystal
surface. The alignhed spactrumA(opan circles) falls of monotonously =&
higher dhaﬁnel numﬁers. This indicates that the crystql is good and Is
froe from any disorder 1n the iattice; since the atoms displaced by more
than about 0.153 from the 1att1ca sites would contribute to random
scattaring and cause a surface neak in the allgned spectrum.

The crystal was then implanted with 200 keV Kr+ ions, through e
circular mask of 1 cm. dismeter, successively in three steps to cbtain
flusnce of 1{.2 and 4 micro Coulombs/ecm?., (One micro Coulomb/cm® ==
6.242 x 1072 iuns/éﬁz). After sach implantation step,the crystal uae
mounted on the goq;nmétar and 2 MeV alpha beam was used to cbtain the
channeled spectrum, +igure 23 shouws four channeled spectie corresponding
to fluences of 0, 1, 2 and a}aC. The surface damege pask stoptd appearidg
at %ﬁ.é and increeses in intensity with incrsasing flueﬁcen Using the ares
under tha damaged peak, correcged for dechenneling hackgtnundp and the
Rutharfuvu Q;qgs-aectian we fiet the number of displacsd silicon atoms

‘a8 1,062 /cm » For influence of AIME {corresponding to 2.497 x 10t

TKr inna lz)lthﬂ number nf the displaced lattice (silicon) atoms psz

] _if;qn is found to-be 4253. This is quite high disorder end la
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1) E. Bogh, Can. J. Phys. 45(1968)653

2) J.A. Davies, J, Denhertog, L. Erikszon and J.U. flayer,
Cans J. Phys. 5§£1967)4053

3) D.R. Marsden, G.R. Bellavance, J.A. Daviss, M. Martini end
P. Sigmund, Phya. Stat. Sol. 35(1969)269

4) GeH. Kinchin and R.S. Pesase, Rept. Prog. Phys. 18(1955)1

4. A New Plastic Datactor = D.K. Soud = Ghaéged particles traversing
en insulating medium leave a radiation damage trail which can, oftan, bs
sglaectivaly attecked by a suitabls chemical reagent %o producs tracks
vigible under an optical microscops. Sgsveral solid state track detectors
such as mica, glasses and plastlics have been devsloped end used extansively.
Each detector is characterised by a critical energy loss rate (dE/dx)cpit,
bslow which no tracks ars registersd. Thus most of the detectars proposed
so fer could record iuns heavisr than OL -particles. We have devaloped'e
nau'p;aatiu (Celluloss triacetate) detector capable of regietering protons
of energy es low és 50 keV. Thz response of this detector te 400, 300,
200, 100 and 50 keV protona; S.48 MeV, 400 and 200 keV elphas; 300 keV n*
iona and 300 keV Krt lons has bsen studiad. The diemeter of the tracks is
_found to increase with stching tims (6N NaOH at 60°C) and with QE/UK of
the incidsent particle; it is shoun &hat fha detector poaeassqe rather
g;nd particla idenfification characteristice wvhich maﬁa it suitable for

a wide range of epplications in nuclear physiscs, solid stats physiecs and

astrophyeics.
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