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INTRODUCTION

This reporti -covers the operation and utilization of the
5.5 MeV Van de Graaff accelerator at Tfombay during the,year
1966, the fifth year of the accelerator operation. .Thrdughout
this period the accelerator has been worked on round the clock

" basis.

]

The ion. sources reprocessed in the laboratory have been in
use since November 1965 and these have given satisfactory and
fairly long service. By the end of 1966 the accelerating tube

has been working for more than 22,000 hours..

Experiments with charged particle reactions for the stﬁdy
of nuclear structure and tiuclear reactions as well as angular
‘@urrelationvexperiments_h&ve,been cantipueAj?. g number of

research experiments have been carried out during the year and

wre reported under the section on research experiments.

A chart showing the machine availability-fgr research '
syvreriments glving the time loss due ﬁo bregkdowns.durihg the-

5 year period of its operationihés been. included.

'Y Van de Graaff Progress Report T.P. David,AEET 254 (1966).
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ACCELERATOR

Analysis of Accelerator operation during the period.

Machine run

Tctal time avallable from 1st Jahuary .
to 318t December, 1966

Holiday observed during the year

Time used for routine maintenance

Other maintenance work

Shut down due to power and water failure

Maintenance work (1nclud1ng rew1ring) on
chiller and Air condltloning plant..

Number of hours Accelerator run

Time lost due to breakdowns

Machine utilization

Time used by we¢search groups
Time uséd for conditioning the machine

Time used to check machine calibration

Time lost due to failure of exper1mental_~'
facilities

8760 Hours

24 Hours
624 Hours.
168 Hours
190 Hours

288 Hours
5780 Hours

1686*Hours

8760 Houps

4844 Hours
593 Hours

96 Hours .

247 Hours

5780 Hours

e o 1o A A o i ok Bt T T i S A o o A el D N g D AR T Y AN i TS e i S A T e e " e e g

* 660 hours have been spent for transfer of insulating gas and

accelerator tank roughing.
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II. Comoonent reolacements:

Ta Ion source hottles are beingAregularly reprocessed in the
Laboratory”o These reprocessed ion sources have been used in
the accelerator from Wovember 1965.and have given.excellent
service. The aluminium canals which are renewed every time the
sources are reprocessed, are fabricated in the Nuclear Physics
Workshop. IExtreme care is talken in the fabrication of these
canals as even a very minute error in the canal axis is found
to ~ause an undesirable shift of the beam position at the
defining slits above the analyzing magnet. A total of Y repro-
cessed ion sources have been used during the year giving an

average service of 640 hours each.

2. Thermomechanical leaks for use in the gas feed line to the

accelerator ion source bottle are fabricated in the 1aboratory2)°
Stainless steel cylinders are now used instead of brass as these
are found to give longer service before developing any cold leak.

The thermomechanical leaks have been renewed 4 times during the
period under report.

P A nunber of small components such as high voltage bushings
and corona collector units are now fabricated in the laboratory

for replacenents.

1) Van de Graaff. Tabo - Brogress Report - T.P..’ i
) A %854t 154t ) L oTatory Progress Report David

2) Van de Graaff Laboratory Progress Report - T.P. David
AFET 214 (1965) 10.
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III. Modifigations and additions:

1. Fabrication and assembly of one more palr of electromagnetic
quadrupole focusing lenses with an aperture of 2.5 cms have been
cgmpleted. This'has been installed in one of ‘the slde :ports of
the switching magnet and has been working satisfact&rily. More

such quadrupole lenses are under fabrication.

2. Isolation valves have bheen fitEad with all the vacuunm

gauges 1in the accelerating end differential tubes.

3. A liquidenitrogen trap suitable for installatlon between
the -main and booster diffusion pumps of the accelerator vacuum
system has been designed and fabricated. The’trap is undergoing

vacuum éest.prior'to installation.

4, ‘Selsyn.motors'driving“the terminal control.cords have been
a constant source of trouble necessitating the opening of the
socelorator tank for repaire., It is planned to replace thesg
systens with reversible geared DC motorg. A .prototype with push ‘
button operation incorporating limit switches and indicating lamps
os besn oonstruoted and tested. iSeveral éuoh units are under
fabrication. Thoe replacement 1s to be carried out‘in:fhe immediate
future. |
IV Agoelerator breakdowns

Moat of the time lost in breakdowns hes been due to the faile
ure of the various eleotrical and electronic oomponénte as ocan be

gseen from the table glven below. A few;more-of thetgogelexatipg‘

tube glass eecfions have developed oracks due to heavy sparking
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and these sections are electrically shorted to avoid further
damagé, The total number of sections thus shorted are 12 in
the upper anda 2 in the lower tube sections. However, no appa-
rent change in the beam focusing characteristics has been so far
vobserved,in the working of the accelerator due to this shorting

of accelerating sections.

,Comgonent Failure during the year
(Number of times)
1. Selsyn motors 9
2. Column resistors 10
3. Column spring 3
4. Charging resistor 1
5. N.ll.R. Power supply 2
6. TFocus supply series resistor | 1
7. Belt charge supply’ 3
8. Analysing ﬁagnet supply 4
9. Balamce amplifier T
10, Corona assembly 7
11. Switching magnet supply 1
12. lerminal high voltage.bushing , 2
1%3. Accelerator vacuum systen 1
14. Auxiliary vacuum system 1
15, Corona collector replacement 4

Failure of the components may be attributed to the high
humidity in the accelerator room, beam room and control room,
particularly during the monsoon months. Attempts are being made

to improve the air conditioning system to take care of humidity



control,

V. Operation Analysis - Five year period:

A month to month analysis of accelerator operation during
the last five yéars has been made. . Fig. (1) gives the time the
accelerator was utilized for research experimehts as a percentage

of the maximum possgible experimental time without breakdowns.

VIi. Development oroject:

1. Five port switching magnet1l'T P. David, N. Sarma, M. Bhatis

and P. R..bunder Rao -~ The magnet yoke and pole pieces have been
fhbricated from Tata 'A' grade steel and assembled. A magnet .
mount has been designed and fabricated with prov1sion forAievel—
ling and for movement of the magnet by + 1.5 cms in the direction
pexpendicular to the beam axis. The magnet coil has been fabrica-—
ted from electrical grade aluminium tubiﬁg of 12.7 mm square sect-
lon. Insulation between the turns has been provided by winding
PVC insulation tape over the tube throughout its length. The coil
»25 nade in units of double layers of 11 turns each andtapedo |
ause units are assembled on the pole piecés&and_welded enq~to~end
to maintain continulty of current as well as the'leWAof cooling
water., A high current variabie DC supply has beeﬁ built fdr feed-
ing the main coils. _This:sﬁpply is stabilized by a_bank,df series
controlled transistors. The stabilization unit has been built by
the Technical Physics Division. '

It is proposed to provide each exit port with a pair of adjust—
ahle insulated pick. up slits. The amplified gignals picked up by

these slits would control a low current powerssupply feeding,aq
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lens system are under fest. It would be quite interesting to
atudy the effect of.such a system just below the ion source because
it requires less voltage,minimizing insulation and_power.supply
mihiaturization problems, |

1) Van de Graaff Laboratory Progress Report - T.P. David
ABWT - 254 (1966).
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RESEARCH EXPERIMENTS

1 Total Cross Section for the reaction 51V(pjn)510r -

K.K. Sekharan, M.K. Mehta and A.S. Divatia - The total neutron
yield for the 51V(p,n)51Cr reaction has been measured inthe:incident
proton energy range 1.56 to 5.53 MeV using a 4w neutron counter.

A thin Vanadium metal target evaporated on to a thick tantalum
backing was bombarded with protons,.the incident protons being
@onitored by a current integrator. The step in which the yield

was measured varied from 6 to 10 KeV. The excitation function

a part of which is shown in figure 2 shows a number of peaks which
are overlappinge The 8ots are the total cross section values

obtained by a separate measurement using a thick target.

51V+p in the incident energy range 1.56 to 5.53 MeV leads to

an excitation energy of about 12 to 16 MeV in the compound nucleus
520r which is the statistical region. The data was, therefore,
analyzed on ‘the basis of the fluctuation theory. Since the neutron
yield increases rapidly with the incident energy the data was split
into three ranges of energy namely 1.56 - 2.55, 2.55 - 3.84 and
3.84 - 5.53 MeV. The auto correlation functinn C(€& ) was evaluated

using the eguation.
< o (EL) D"Q“CEL_W%-E) _,)
CC) - E 'E\ <5 (EL)> L< G"(_EL-!-&,))

for the three energy ranges separately for various values of the

averaging interval, & . In figure 3 C(0) is shown as a function
of 8 for the three energy ranges. <C(0) remains constant for a
certain range of values ofEﬁfor all the three curves. Averaging

interval 1s chosen from this range for evaluating the average:
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width, !, In the upper portion of figure 2, C(e ) against small -
values .ofe,. 1s plotted for averaging intervals equal to 225,.313, .
237, 346 304‘and 378 Kev. Crosses are the expérimental'points,‘
The dotskare the calculated values using the formula c( € =
C(0) = P’" o where |7 is the average level width Since the energy
step in which the neutron yield is measured is large compared to
Athe average width obtained. there ére.only twc; or three experi-
mental points which lie on the Lorentzian. .Since there are only .
two. or three points on the curve error as much as + 50% of r

could be assigned to the value of 7 though the F.R.D. error is

much smaller.

In the present experiment the experimental resolution /o is
about 1.5 KeV which is lgsa tha.n the average width I and the .
energy step; AE. In an ideal case for which fluctuétion anaiysie
is apslied f and AE should be less than [* . Corti et. a1,1?
have developed a method of extracting [! where (',"<‘]°, For apply-
ing vthis method a necessary condition is that B should be equél
*'co/O . In the present experliment since /o is less than AE Corti”s
mathpd wn8 not appliled. |

The average width [' obtained for levels in the 22Cr nucleus
in the exoitation energy range 12 to 16 MeV is 3°5,'KeVp‘.

1) M. Corti, M.G. Marcazzan; I, Milezzo Colli and M. Milazzo,
Energia Nuoleare 13, (1966) 312. S g

28

2.  8tudy of levels in “°8i'-.S.8. Kerekstte, A.S. Divatia,

M.K. Mehta, K. B Nambiar and XK.X.. Sekharan - . Some excited levels
in 28 Si, lying in the 14 MeV region, have. been. studied by the .

2
tachnique of elastio soa‘ttering of alpha particles by ° 4Mga 'Bhe .
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analysis will be done in order to confirm the spin and parity

assignments, and to obtain the resonance parameters.

1) S.S. {erekatté, et al, Proc. Nucl. Phys, & Sol. State Phys.,Symp.,
Bombay (1966) 120. ‘ p '

30 Computer -programmes for the analysis of particle-gamm

ray angular correlation measurements in nuclear reactions - M.A.

Eswaran - Por the analysis of the particle-gamma ray angular
correlation measurements in the nuclear reactions of the type
X (a,bY )Y employing -the 'method II' of Litherland and Ferguson1)
a computer programme has been written in Fortran for the CDC -~
3600 of TOIOFORO According to this method, the angular correlat-
ion expression is written as a linear combination of contributions
due to various magnetic substates of the level excited in the resi-
dual nucleus. Due to the special choice of Oé or 180o detection
for the outgoing particles, the substates which are pbpulated in
the residual nuclear state are limited by the sum of the target
spin and the spins of the bombarding and outgéing particles., The

angular correlation function can be put in the following form,

from the equations given in ref (2)
D N
\/\/(E)y) = Zh&«bma Qy {ar-1 P Ceos @)
. ' K

where ' < S ‘9 0

O‘?M = > P (o) =

P Ly

GQK'are the angular correlation attenuation factors due to the
gamma counter size and O is the quadrupole to dipole amplitude

!
nixing ratio for the gamma ray. LL refer to the multipolarities

!
of the gamma ray and p = 0, 1 and 2 for LLL = 11, 12 and 22.




For each spin choice of the 1evei;the ahgular correlation co-
¢fficients are fed ae input in the programme from the tables

of SmiﬁMz) and a lineap least squares fitting procédure is used
with the magnetic substate population parameters as unknowns,
The result of.this fitting procedure‘is a value of j&f—, the
weighted sum of the squares of thé deviations.  This procedure
13 repeated to cover the whole range of the quadrupole o dipole
mixing amplitude ratio.parumetgrlﬁ . In the programuedis taken
as tan T and 7vaalues are obtained for different values of T
from - 9O°“t° + 90°_in any desired steps. In the programme same
conditional loops were included to overcome the problem of non-
physical solution which may arise in the linear least squares
fitting procedire when a magnetic substate population parameter
turns out to be negative. When this happens, that particulaf'
parameter is suppressed to zero and the fit is repeated to get a
new value of ]c?uith this4constraint. Provision has also been
made in the programme to investigate the effect on )Crof small
population of higher magnetic sub-states due fo finite particle

counter size.

Another programme was written extending the above programme

for use in the specific case of Mg(d,pB-y]ﬁJ27Mg where the pri—_

mary and secondary gamma rays are very elose in energy that they ..

are not resolved in the NaI gamna detector. In this case. Py ~‘f
and pg = - Y, with Y, unobserved are treated together and the com~
bined angular correlation. is analysed as described in the next

‘seotion.. .

1) A.E, Litherland and Ferguson Gan;:J.Phys.-zg,(Jgsj) 788.

/



P.B. Smith in Nuclear Reactions Vol IT ed.by Endt and Snith,
Torth-llelland Publ. Co. (1962).

4. Study of the 1,94 eV stafe in 27Mg by means of the reaction
2

. 2 N - . . “
Mg(d[pv’)'7Mg - M.A, Xswaran, N.L. Ragoowansi and K.K. Sekharan

1)

- Ag a continuation of the studies on the prooerties of the low- .
lying excited states in 27M€ the 1.94 MeV third excited state has
been studied by oroton - gamma ray angular correlation Measur e~
ments 1n the reaction 26Mg(d9p‘f327Mg gmploying the Litherland
and Fergusong) method which is independent of any assump®tion
rezarding reaction mechanism. The experimental details are desc-
ribed in ref, ‘1). The defexcitation gamma ray spectrum in coin-
cidence with the protons feedimg the 1.94 MeV sﬁate7 detected at
Oo‘to the beam 1is shown‘in fig. 6. The angular correlation data,
for the combined (0.93 + 0.96) MeV gamma ray peak due to the two
transitions 1,94 — 0.93 eV and 0.98 —0 lleV, are plotted in

ms Ly
J:‘l,{:’)o Zo

This represents the sum of the following two angular
correlations:

i) Angular correlation of the gamma ray due to the transition
1694 s 0,98 MeV iﬁ cr>incidence with the protons feeding.
the 1.94 MeV state.

bh) Angular oérrelation of the gamma ray due to the transition
U.98—>0 eV in coiuncidence with the proton feeding the
1.94 MeV state with the intermediate gamma ray due to the

1.94 — 0.93 MeV transition unobserved.

AN
S

Diie data were analysed by a method”’ similar to the one used for
‘method I' of Litherland and Fergusorl, The correlation functions

for (a) and (b) can be put in the folluwing forme from the
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expressions quoted in ref. (4).

. \/\I COv) ZPQM) 8, ZCKOQTTLL L, ™) [AK ) Qk e CW@)

by LI -7 (1)
. and _
- L, L L
\{\[4’. C9Y> Rmy 8 Sz_ ZCON\ CT T, I L - '* )
C7L.L0 a1 Qe e)--(2)

where all the quantities are as defined in ref (4) J;sd, and

J. are the spins of the three states 1.94, 0.98 and O MeV of

5
27Mg and 8, and 87, are the quadrupole to dipole mixing ampli-
tude ratio of the first and second gam:a rays due to

1.94 —w» 0.98 MeV and 0,93 —» O MeV transitions respectively.

P (m) is the population parameter of the magnetic substate 'm’

of the 1.94 eV state of spin J1° The combination of two angular
correlations (a)&(b) is represented by sum of the above two egquat-

ions (1) & (2) i.e. Wa (Ey) + Wi (By) with the constant

term of each of these equations being normalized to unity.
§

A computer programme was written for the CDC - 3600 computer
" of T.I,F.R, to carry out the analysis of the data which procseds
through a linear least squares fit of the data points using the
above equations with magnetic substate population parameters

P (1) as the unknowns. The values of magnetic substates m are
limited to 1/2 and 3/2 due to the O  detection of the protons in
the reaction (2). The vector addition cdefficients CBKO and

C;M ~ were obtained from the tables of Smith4).

and J3 for the states 0.98 and O MeV are known to be1)’5) 3/2 and

The spims J2
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172, Hence the fit is performed for a fixed spin value J, of
the 1,94 IleV staté, and for 'f‘ixed values .of S, and 53_ o The
fit is repeated over the ranges of &, and 8, ap_su'.'as)riate to the
spin iralue chosen for J1 with the multipolarities being limited
to quadrupole and dipole. In the p-rogré.mme &, and S,are taken
ag tan 'Z'. and tan ,,Vw'here Z'; and 'Z:,varied from - 90° to + 90°.
in steps of 5 . The result of this fitting is & series of X
values for various COmbinatidhs of 8. and 8, for each spin ohoicé

e

for J,. X, is given by

X = Z[V(°°)"WCG'->:7/G'(9L) e )

where 6‘( 9?-) is the uncertainty assignéd to she gamma ray yield
o
vy (Btat angle 61 due to counting statistics. The minima in X
Tend to conélhsions about spin assignn@entsq These fits were

obtained for choice of 1/2, 3/2, 5/2 and 7/2 for Jqe

This andlysis ghowed that ’X.Lvalues were insensitive to
suriations in §, . Choosing a value®) of 0,176 for Sa the X
_lots are shown as a function of T; (=an ctg.d) in fig.8
for various spin choices J1 for the 1.94 MeV state. This analysis
shows that spin value of 5/2 gives the best fit for the observed
correlation with fairly large quadrupole mixture in the
1,94 —» 0,98 NeV transition. Hence spin of 5/2 can be assigned
to the 1,94 MeV third exoited state. Further measurements are
planned to be made to determine conclusively the value of multi--
pole{ﬁiiing rétid'offthe gamma ray due:to the 1,94 —» 0,98 MeV

transition., Prom the coincldence epectmm in fig.6, the cascade



to cross over branching ratio of 1.94 eV state (i.e.)

T(1:94 = 0.93)/I(1,94 ~» 0) is estimated to be 2.0 + 0.3.

In conclusiocn it is observed that the spin sequence and
level energlies of the states at 0, 0.98 and 1.94 MeV are consi-
stent with the expectation that they form the members of the .

ground state rotational hand.

1) Proc. of N4P, and S.S.P. Symp., Bombay (.956) 144 a:d
BARC report 276 (1957, ’ 7

2) A.E. Litherland and A.J. Férguaon,gCan:,J° Phys.39,(1961)788.
3) C. Broude and M.A. Eswaran, Can. J. Physovgg,'(1964) 1300,

4) P.B. Smith in Nuclear RBnctions, Vol.II ed. by P.M, Endt
and P.B. Smith, North Holland Publ. Co. Amsterdam (1962) 248.

5) P.Ms Endt and C. van der Leun,,Nucl. Phys. 34 (1962) 1.

6) J.M. Lacambra, D.R. Tilley and N.R. Roberson Phys. Letters
20, (1966) 649, |

5 Proton-gamma ray angular correlation measurements in the

reaction 24Mg(d,p3w’)25Mg - M.A. Eswaran, NeLQ‘RagOOWansi and

P,C. Mitra - To obtain direct evidence for the spin of the 1.61 MeV
state in 25Mg,-the level was exclited in the reaction 24Mé(d;p3v)25Mg
using 2.1 MeV deuteron beam and detecting the oufging protons feed-
ing the otate, at O° to_the beam 1n an ORTEC surface barrier dete~
_ctor, the angular correlation of the subsequent 1.61 MeV de-excita-
tlv. Y-ray wae measureds Measﬁrements'were.analysed by a computer
prégramme"based on the Litherlahd and Fergusopj).method which is
independent of any assumption regarding reaction mecahnism. Re-
pults can be fitted With e spin. choilce of,3/2.or.7/2vforwthe:stateo
 Spin,va1ue 7/2 for this 1,61 MeV state sgrees with the expectation

from other evidences. For this spin value the values of quadrupole
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to dipole mixing anplitude ratioiparameter |5\.9 for which
the data could bhe fitted are 0.18 and 2°14°l The value of (.18
for | 5|, is consistent with the known 1life tine?) of the

1.61 MeV 1level.

1) A.E. Litherland and A.J. Ferguson. Can. J. Phys. 39,(1961)788
2) P.M. Endt and C. van der Leun Nucl. Phys. 34, (1962) 1,

6,  Fluctuation analysis of the compound nucleus levels of

°2cr - C.M. Temba, N. Sarma,  N.S. Thampi, D.K. Sood" and

’ ¥*
V.K. Deshpande - A brief account of all possible aspects of the
'fluctuation theory as applied on the reaction elastic scattering
51V 1)

of protons from is presented in this work.

Excitation functions at angles (100 ,120°,140°,160°)
covering energy range 4.005 to 5.515 in steps, & E of 5 KeV
are measured with an experimental resolution f% of 1 KeV and
are shown in Fig. (9). The cross section for inélastic,proton

and alpha groups was too small to .cross background barrier.

1.1 Auto correlation analysis for full range of data. Auto--.

1)

corre%ation functions for total energy range, were calculated.
It is .i"ound that CP (t) does not . fluctuate about & axis but .
has a linear mbdulation imposed on it. This behaviour is attri-
buted to energy dependent non fluctuating process. In such a

1)

case the modified auto-correlation function is a lorentzian
displaced by an amount K;-(t) from €& axis (fig.10). KJ,(O)_
'is a measure of modulation. The form of Kb'(b),could not be

— - > v e 0 D P e P i D S 8 A} S AP A AP T N o o} D P S D S D T s M ) i i G S D D D D I D o e i L A D e
-t . T — - 3 v~ - v} -~

* Indian Institute of Technology, Kanpur.



celculated accurately but is visually estimated tolp & straight
lire, This shows the preuence of strong modulatlom The width
o

A (ig’]orwg rmdulation) and C@N\, (corrected for modulat-

ion} 2re shown in Tadle I,

The modulation efféc*;e are eli'mi‘nat'ed by taking iq.cai '
sverage of Q points of energy width clj" . The value of 9 1is
chosen from the g dependence O:f C%\/(ol) (fig.11). Th(, agreemén*a
38 and (Cf table I) shows that this method ellmlnates modullvat-.

ion effects. The level width !‘i} are’ also sho.vng

In Fig 9 the averaged cross Bection (EL) for ?/r'
= 400 KeV and Ruthorford sca’cterlng cross sections are shown
with thick and dotted 1ines resoectively,_ Uinimum at 4955 MeV-
2t all angles gives an- idea of the presence of intermediate |
structure of width 900 KeV. However, considering that o7, (£i)
comprises of so many other factors, it 1s‘nqt, pd‘séi‘ble to isolate

intermediate structure.

21 Dutermination ofr" by variable enei'gy resolution metﬁod:
The aut|ocorrelation analysis 1s not a very sensitive tool when
Se s F and dES . As it has bé-env.made sure that CP(O)
and probability histogrems [section 5.,1‘) do not vary with stgp
size a rethod prdposed by Co'rtivis a mofe. reliable tool" for -
extracting |’ . (To ensure that two exqitation.funbtioh of 151 ‘_
polnts each were constructed at 'each angle with SE= 10 KgV
nsing alternate poin’cé)o Cf"’ ('F‘) ‘the normalised variance decr-
¢1se raoldly a® + increases, the rate of decreése depending on

 ", ¢ By successive application of formula
F‘ 5"' Lo voy ~

y (:Ek ) = ..‘!;— /: g (E‘r) new e’excita'-tlon'.

L

S=

“-0
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TABLE I

SLag | Cpl0) | Ky0) |ciokyo) cato) | acjol | Traw | Teorr | Tq GoRT -ér_'—_-‘
DEGREES| (KeV) (KeV) (KeV) (KeV)
100 | 0.0636 [0.0512 | 0.0124 | 0.0166 |%0.0040 | 22.4 | 3.5 | 4.0 | 3.6 [20.084
120 | 00348 |0.0164 |0.0184 | 0.0206 |000i8 | 173 | 3.5 | 44 | 40 |08
140 | 0.0422 |0.0222 |0.0200 | 0.0236 [*00048 | 345 | 40 | 41 | 4.3 |t0.084
160 0.0363 | £0.0065 35 | 40 | 44 |0.08s

0.0583

0.0300

0.0283

24.0
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function with worse resolution are obtained. If square re-

solution funotionp-ﬁ = ~Z'new resolutions for the Y’W' sperat- .

iom is vy . In the present case f;fp SE  so for yv= 1,2,

B eeeso excitation function are assumed to have resolution o
fﬁ s ANE 93 DNEq e respectively.

2)

The function Cy(y) 1s fitted with Gibb's formuLa for
various §° values. This function is very sensitive to the value
of [ chosen (Fig.12). The values of r'obtained are shown in

Table I as|' CORTI.

3.1 Cross correlations: Angular cross correlations were cal-
culated and a rise with increasing ﬁﬂ - 1is found and is ascribed
: }

to modulation effects. It is found that cross correlations for

) © o ) ] )
(100 , 120 ), (100 , 140 ), (100 , 160 ) are .70%, .6076 and

:)

4905 ospcctlveldq

°

k

Theoretical estimate of coherence angle when 7D is high is

difficnlt to nmake

4,1 The enérpy is then divided in four equal parts (shown by
vertica’ llneo in Pig. (9). Dbecause firstlyh?_ is less dependent
on energy over a smaller range so that probablllty distribution
analysis to get N andﬂa assuming constant/\?-D is justified and

secondly a systematic variation of C(0O) and " can be studied.

4.2 The auto correlation analysis for 4 parts separately has
indicated the following:

(i).Asﬂ%
to encrgy axis in Pig.(9), K (O) is umlll and functions

(ev) do not differ from<1u &t)j>(dotted lines parallel

and L .@t}an identical.



e2':}o
o &l e

(11)C{0)varies very much within energy range thus showing

variation Of:ﬁ; over energy range assuming I constant.
4D

5.1 Probability distribution: 32 sets of experimentally

Ex
normalised probability histograms E; (jy) for full range and
local averages are found quite similar. Theoretical distribut-

ions Py (%’9?b) 3)

increase in either N or 7‘D oroduces similar effects. As a

were also calculated. As N is gquite large

result large number of (N,%b) sets fit experimental distribut-
ions equally well. These sets (Cf.Fig.13) were restricted by
following constraints.

(a) X does not vary fhrough an ensrgy block

(b) G = TR ~

(¢) such (NS,’\?:D ) sets should give a C(O) value which agrees

to experimental one within errors (Fig. 13)

Angle N ﬁ}I}

Part (1) - Part (2) Part (3) Part (4)
100° 24 + 3 0.85 £ 0.05 0.85 + 0,05 0.60 + 0,10 0.70 + 0.10
120° 20 + 3 0.83 + 0,03 0,87 + 0,05 0.50 + 0,10 0,75 + 0.05
140° 20 + 3 0.80 + 0,07 0.75 + 0,05 0.60 + 0.12 0,70 + 0,07
160° 15 + 3 0.76 + + 0,05 0.5% + 0,08 0.67 + 0,06

0.04 0.67

As expected by theory N falls at backward angles. Theore-
[+]
tical value of N at 90 1is 128 in this present reaction. This

prediction of theory is not at all satisfactory as from data

-
C¥ o)
' o
lower W exp further.

N exp =

[}
2t 100 1is 60 and any direct process«jb will
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vonclusionss
(1Y A large rauge (energy and anjle) of data must be studied s

that modulation, which standard theory does not describe, may

become avparent.

(&}

Wl N . - n N " .
(2) | obtained by different methods agree well but Corti!
method is found to be more reliable in present circumstances.
(3) Tor local averages proper averaging interval should be

cangens

(4) Probability distribution analysis shows that is meaningful

to distinguish dircet and compound contribution even at high
excitations where comnound nucleus lives for a very small time.
(5) Probability histograms and normelised variance are unaffect-

ed by steo size provided sample is large enough.

iy

1Y B.W. Allardyce et al. Nucl. Phys. 35 (19560} 193
2) . Corti et al. Energia Nucleare 13 (1966) 312.
) Bzperimental evidence of statistical fluctuations.,

T. Mayer Ruckuk. Hercegnovi Lectures.

51 ; T o *
Cr - K.V.K. Iyengar ,

T A search for the level at 803 KeV in
+#

* *

S.K. Gupta and M.D. Deshpande - The 803 KeV level
N o 50, 1 O1 . .

found in Cr througi the Cr(d,p)” Cr reaction does not seem to

51

B. Lal ,
be‘generated in the V(pgn)STCr reaction to an intensity greater
then 2% of the 747 KeV level as determined by observing the
direct garmma radiations with a lithium-drifted germanium dete-
ctor with incident orotons of energy in the range 2.310 -

3,300 HeV, |

Published in Nuclear Physics A 93 (1967) 257.

# Tata Institute of Fundamental Research, Bombay,



51 51 *

3, Study of the ~ 'V(p.n)}  Cr reaction - K.V.K. Iyengar ,

5.K. Gupta and B, Lal - The excitation functions of the 0,75,

1.27, 1.35 and the unresclved 1.50 plus 1.56 MeV ganma rays re-

51V\pgn)5 Cr reactlon have been measured from

S5U

ting from the

=

their respective thresholds upto 5.5 MeV. They all vary swmoothly
with proton energy and exhibit no significant structure. The
ratlio of the measured yield of the O0.75 eV gamma rays to that

£ the 1.17 lleV gamna rays as a function of incident proton
energy is compared with the ratio predicted by the Hauser-Fesh-
bach Theory, and the spin of the levels was deduced to be 3/2
and 5/2 ressectively. The ny = 0.75 lMeV gamma and Ny - 1.17 eV
gamna angular correlations have been measured'at proton energies
3.7, 5.3 and 3.5 MeV in the plane of the reaction and at %.1 and
5.5 MeV in the plane perpendicular to it. The shapes of the
meastred correlations are not in complete agreenent with the pre-
dictions of the compound nucleus statistical model and seem to
indicate eilthier the preponderance of 2 cluster of compound nucl-

eus Llavels or sone interference effect,

Published in Nucl. Phys. A 96 (1967) 417,

9, Fluctuations in the integrated cross section of the

s ‘45 . 4‘5 ° r * [o) *
reactian Sc(py,n) ' "Ti - K.V.K. Iyengar , S.K. Gupta , K.K.

Selharan, M.K llehta and A.S. Divatia - The integrated cross
‘ 45

. . 45, L . Co
section of the reaction Sc(pyn) 5T1 as a function of incident
proton energy has been measured in the energy interval 2.410 to

5.250 MeV with energy steps of 5 KeV., The overall energy

UD  om n > 4 o D 0 e i B i i ¥ et e i

*  Tata Institute of Pundamental Research, Bombay.



resolution wias apsut 3.5 KeV., Thae excitation function shows
TLuotuations avound an average. This average increasgses with
sroton encrgy. The statistical theory of Ericson wae applied;
the auto-correlation was calculated and used to determine the
) . 1 s , 46, .

avorage width of levels in the compound nucleus T1i in the
excitation energy range 13.230 to 15.140 IleV. The analysis

1l

yields an average width < V" > of 6 KeV corresponding to a

. . =1
cormound nucleus lifetime of 1.1 x 10 E sec.

Published in Nuclear Physics A 96 (1967) 521.
10, Search for the 0.510 and 0,630 HeV levels in 55
55,

Fe and the

angular distribution of gamma rays fronm |ﬁgp,n'v)55Fe reaction

* * *
- XK.V.K, Iyengar , B, Lal and S5.K. Gupta - The 0,510 and
.. 55
0.680 LleV levels in

| sg g 129
))Mn(p,n)BDFe reaction to an intensity higher than 5% of the

Fe do not seem to be generated in the

7410 eV level as defermined by observing the direct gamma
radiations with a lithium drifted germanium detector, with inci-
dent orotens of energy 2.40 - 3.50 MeV. The measured angular
Aistributions of the 0.933% and 1.322 lleV gamma rays at Ep = 2,40
and 3.50 IMeV and that of the 1.413 lleV gamma rays at Ep = 3,50
eV are in reasonable agreament with those calculated from stat-
i#tical model., The reaction proceeds through the compound nu-
«

cleus and the random phase aporoximation apoears to be valid for

56 . .
the compound nucleus of Fe at an excitation energy of about

To he published in the Proceedings of Nuclear Physics and
Solid State Physics Symposium, India (1967).



1263

i1, Calculated efficiencies of cylindrical type Ge(Li)

letectors - K.V.X, Iyengdr and B. LaW* - Gamma ray detection
efficiencies of Ge(Li) detectors of cylindrical shape for point
sources placed on the axis of the detector were calculated on a
CDC - 3600 computer. Detectors of cross sectional area 1 - 10
S%e Clley depletioﬁ depths 2-10 mm and source to crystal distances
1 - 25 cm were chésen for calculation. These efficiencies will
be useful for quantitative measurements of gamma-ray intensities
in nuclear reactions as well as in the study of the decay of

radioactive nuclei,

The detection efficiency € defined as the ratio of the
number of counts to the number of gamma rays emitted by the

source 1s given by the expression

S LJ:FI{ - Lx\s (——fa aa.,)} A o

where 3 is the thickness of the detector as seen by the gamma
ray, a!Lv the solid angle subtended at the source by the dete-
ctor and[“ the total absorption coefficient i.e., the sum of the
ochotoelectric absorption coefficient, pair production absorpt-
ion coefficient plus the compton absorption and comoyton in-

coherent scatter components.

-ty :
#x(8) =t sec 8 for 0L ggtg }:—.--- = K
) + k& \ _,
3 (8) = ¥ cosec & - tisec 6 for xg B g Lo IL: :/’,%
do= 27 sin 0 46

The expression for the efficiency was writiten as the sum
0f the three integrals

*  Tata Institute of Fundamental Research, Bombay.
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e latter two of which wore evalnatod

using Gzuss guadrature method by means of a programme written for

CDC - 3600 computer at Tata Institute of Fundamental Research.

Shown in fig.14 is the geometry of the cylindrical detector
and fig.15 a family of curves reprecenting the type of total
cfficiency curves (obtained by calculation) for a Ge(Li) detector
of area 2 sq.cnn and of depletion depth 2 mm for source heights

(measured from the front face of the detector) ranging from 1-25cm.

A orogramme is also being written for CDC - 3600 computer
to calculate the full energy peak efficlencies of cylindrical
type Ge(Li) detectors by a Monte Carlo method to take into
aceount multiple interactions of gamma rays in the detector
volume to sunolement the total efficiency data to make them more

nseful.

12, Computer programme for calculating (N,N'Y) correlation in

nuclear rea otl)ns, nucleon gular distributions and gamma angu-

lar distributions proceeding through the compound nucleus react-

*
ion mechanism - K.V.K, Iyengar - Satchler and Sheldon have

derived expnressions for (i) (W,N'y) angular correlations where
I is any nucleon (11) nucleon angular distributions and (iii)
gamma ray angular distributions for cases in which the nuclear:

o

reaction proceeds tnrough the compound nucleus reaction mecha-

[e— e e s i ] S D o ] o 073 T i P S ) ol el o, ot i el i T Sl A et TS P i e o AR b i S S v D e s e " P i i B ) T i enen ) D

*  Tata Institute of Fundamental Research, Bombay.
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The following exodressions are valid when siere is no

Lile

. -7
intervening unobserved radiation. See refercences 1-3) for an
explanation of the notation used here.

~ 5 . (t
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rogramme in Fortran language have been written forfthe
CMHe - 3600 comphuter at the Tata Institute of Fundamental Research
to evaluate the above expressions to obtain nuclemnmﬁ(triglc COYreg -
lation and also nucleon and gamma angular distributions. All
the three ﬁrogramues viere designed to handle arbitrarily high
values of nuclear spin (integer and half integer) and gamma
radiation of mixed nmultionlarity. . Resuits coutd automatically
~be obtained not onlyAfor a specified multipole mixture (ud ng A
from input data) but also for A = 0 contributions f:om any
numher of partial waves could be taken into account in both the
incident and exit chamnels. The progranme was capable of taking
into éccount the decay of the compound nucleus through all the
energetically allowed channels. The spins and pafities of the
ground state of tne.target nd residual nucleus énd the excited
states of the residual nucleus were supplied as inputs. The &
values for excitation of the‘different states of the residual
nucleus (or mmclei when more than ane reaction was possible)
v2s 1lso read into the programme as input. A subroutine was
Vused to derive the transmission coefficients at the desired
incident and emitted nucleon energles, from the transmission
coefficients read into the programme for the incident and emitt-
ed nucleons at certain discrete energies for each partial wave.
The Clehsch-Gordon-coefficients,; Rocah coefficienfs, Fano or X
coefficients, assocliated Legendre polynomials and Legendre
solynomials which were required in the main expression were
svaluated a2s separate functions as part of the main progranmme.

Typical time taken for evaluating a triple correlation was



generaliy of the oxder of about 90 secs. The btime regulred fer

e

computing nucleon and gamma angular distributions was very mnch
less. These prograrmes have been extensively used 3o czlculate
n
1 2

. . .. b1 51 .

elations in V(p,ny)” Cr reaction and to calculate gamma ray
- 3 A5 a 1 32 ¢ .)),\ )55---‘ . A

anronlar distributions in Mn(p,nY) "Te reaction and also to

caleulate the 0,75 MeV and 1,17 eV gamna ray gamia ray excita-

. . . 51 51
tion funciions in the reaction ° V(p,nvﬁ) Cr.

1) 1. Sheldon, Revs. lMod., Phys. 35 (1936%) 795,
T. Sheldon, Phys. Rev. 133 (1964) B732.
. Sheldon and D.M. Van Patter, Revs. IMod.2hys.38 (1965)143.

13, Kinetic energy distribution of fission fragments in the
~ 235

fission of U induced by neutrons with encrgy ranging from

Thermal to_2 MeV - D.li. Nadkarui aund B.R. Ballal - lleasurements

of angular distribution of fission fraguments have indicavsed that
wcre is a large lairing gap of about 2.7 lieV in the transition

state ssccvrum of heavy even-cven nuclei. Un this basis single

4

O‘\

. . - : 23
marsicle levels in the transition state spectrum of U are

not expected to be effective until the energy (En) of incident
neutrons bombard ing the JSU target exceeds abhut 2.1 MeV.
With a view to situdy the possible dependence of the average

ic energy of fission fragments Ek on the collective

levels in the transition spectrun, Ek has been measured in the
!) rz

fission of 77U induced by neutrons with energies ranging from

hermal to 2.7 LleV. The fissgion chapber consisted of a gridded

ionization chanmber filled with purc Argon gas at 1.5 atm. The
v o L e .. 4 2 235
cathode of the ion chamber was coated with 100 pg/cm U.

~ 0.75 MeV gamma ray and n, - 1.17 eV ganma ray angular corr-

1)



cathede~grid and grid-collicctor distances were 2.1 cms and

Uo7 oue waspeccively. The chanber was operated for cptimum per-
fornmance iith cathode, grid and colliectors at OV, + 4254 and

+ 1050 V regpecctively and the collector pulse height spectrum
was recorded on a 100-channel analyzer after amplification.
Teutrons of energy 300 KeV to 2,15 lleV were obtained from
T(p,n)BHe reaction using the 5.5 MeV Van de Graaff Accelerator.
The tritiun target thickness was about 100 KeV for 1 LleV protons,
Hnergy calibration wae achieved using therial neutron induced
figsion and this was done ny surrounding the chamber with thick
raraffin hlocks. TFor the fast neutron runs the energy regicn
from 300 KeV to 2.1 lleV was divided into 21 roughly equal divi-
sions and =ach one was selected at random. At each of fThese

4
. - 4 S 4 L i
energies 2.5 x 107 to 7.5 x 10 evenss were recorded., Fronm the

nensured spectrum Ew was obtained and corrections were made for
I

—
- Lk (thermal) |

H
-

o
the motion of the centre of maSSL)o rﬁr(m

versus En ig shown in Fig.l10.

Ek found to remain essentially consta nt within about

0.6 (.. 1 HMeV) when the incident neutron energy was varied from

therrmal to 2.1 MeV. Within this linit however, there 1s an
indication of small dip if En =~ 370 KeV and 870 KeV and a

simll peak at B - 650 KeV and 1.24 MeVv. Although some of

tihiese variation could be attributed to statistical fluctuation

tlic possibility that these are associated with the nature of the

transition states accessible at these energies canmot be ruled

out. Blyuwnkina et alB) have observed a dip at u~40u KeV and a

smaller dip around 1 eV and a peak at En:;§ 770 KeV,



The-energy balance. ejquation is ¢ + B = E

-
n k v T hY

v—

where B, 1s the average total kinetic energy of the fragments,

Eg and ¥, are the average energy emittéd in the form of prompt

neuntrons and gamma rays respectively. Assuming that E, is

indepcendent of incident neutron energy, as reported by Proto-

14)

popor et a , the variation of the average number of prompt

neutrons emit ted per fission (9 ) with En have been calculsated

s

using the measured values of Ek and compared with the measured

values of 3 (Fig.17). The measured as well as the calculated

——v—

:5 do not show a monotonically increasing dependence of VY on Eno
The calculated values gre consistently higher than the measured

ones probably due to an increase of E, and of the average energy

L

of the prompt neutrons with increasing Eno Also the nunber and
average energy of prescission neutrons may vary with,Eno In
view of these considerations 3) vs E, aata is not very suitable
for studying the variation of internal excitation energy of
fisgion fragments with En° ‘The most convenientvis to look for
the variation of Ek with Eno

3)

Blyumltina et al”’ have suggested that these variation can

- be accounted for by assigning a higher Ek for states having odd

spin-parity. However, the observed variation can also cone

about 1f there is a rapid variation of the fragment mass distri

bution with Eno In particular an increase of syrmetric yield

5)

results in a decrease of E1 Cunninghame et al observed a

{D
decreasge in peak to valley ratio of the mass distribution as En
is increased from 65 KeV to 1 eV. It is possible to correlate

the dependence of average kinetic energy, excitation energy and
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mass distribution on the collective states of the transition
. 6)

statc soectrum on the basis of the collective models of Bohr

" < T}
and Fheeler'’,

1) H.C. Britt, et al. Phys. Rev. Letts 11, (1963) 343.

2) J.S. Wahl, Phys. Rev. 95, (1954) 126,

3) Yu.A. Blyumkina et al. Nucl.Phys. 52, (1964) 648,

4) A.. Protopopov and B.lI, Sirijager, JETP 7,(1958) 231,
5) J.G. Cunninghame et al, MNucl. Phys. 27, (1961) 154,

6) A. Bohr, Proc. Int. Conf. At En. | 2 |

, (1956) 911,

7) J.A. Wheeler, Past FNeutron 2hys. Part II, (1963).

14. Angular anisotropy of fission fragments in % MeV neutron

induced binary and ternary fission of 235U - D.M. Nadkarni - To

understand, the mechanism of ternary fission, fissian accompanied
by long range alpha particles (ILRA), it is important to know at
what stage of the process these particles are emitted. The .
measurement of fragment angular distributicns inlternary fission
can be expected to provide an understandirg about the sltuge at
which LRA are emitteq, Previous measurements1 of anular distri-
bution fragments in ternary Fission indicated that the anisotro-
pies in biﬁary and ternary fission are different. 1In the present
work using solid state detectors the anisotropy of fragments in

235

ternary fission of U induced by 3 IlleV neutrons has been measured.

l“‘a

wo dif fused-junction type solid state detectors were used
to detect fission fragments emitted along and at right angles to
the 1incident neutron bveam direction and the third solid state

detector was kent very close to the fissile target to detect LRA

235

in nearly 277 geonetry, (Fig. 18). U target was 1 mg/cm2 thick
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an a3 mg;/cm2 Al backing which allowed only LRA to reach the
back detector. 3 eV neutrons were produced with T(p,n)BHe re-
action using the 5.5 MeV Van de Graaff Accelerator. The very

low cross-section for fast neufron induced ternary fission
necessitated keeping the fragment detectors near the target re-
sulting in poor angular resolution o~ 350)o The gpectra of
fissién fragment kinetic energy in Oo ~and 90o -detectors in
coincidence and anti-colncidence with the LRA pulse were recorded
similtaneocusly in four 100-channel analyzers. Efficiency correct-
ion factors for 3 MeV neutron induced binary and fernary fission
were made using the isotropic fragment distribution in thermal
neutron induced binary and ternary fission respectively. The
thermal neutron measurements were carried out by surrounding the
fission chamber with paraffin blocks and keeping the chamber con-
figuration constant. About 810 events of 3 eV neutron induced
ternary fission and about 1590 events of thermal neutron induced
ternary fission were recorded in 2 series of runs lasting nearly

100 hours.

The results of these measuremc mts are (i) Binary fragment

[+
anisotropy (N (G )/W(90 )

]

1.04 + 0.01 (ii) Ternary fragment

0.87 + 0,06 (iii) The ternary to

[+ Q
anisotrooy (W (0 )/N(90 )

il

binary cross-section ratio was found to be about 50% and 25%

lovier for % MeV neutron fission as compared to thermal neutron
fission in the O° and 90° directions respectively. (iv) The de-
crease in the average kinetlc energy of ternary fission fragmenté
comoared to that of binary’fragments was found to be approximately

cqual (14 + 3 MeV) both in the thermal and 3 MeV neutron induced
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fission.

The rather low binary anisotropy is attridbuted to the

L.

po0or anzular resslution as well as to the variation of the nou-
tron flux across the fissile target. The binary fragment aniso-
tropy was separately measured for the case where the neutron flux
is nearly uniforn across the fissile target and was found to be

1.107 + 0.017, Using the values of binary anisotroples neusured

. . : 2
in the present work and that renorted by Simmons and Henkel )9

{\

2oproximate corrcction for the angular resolution and non-uniforr
flux of nentrons zcross the target have been made to the ternary
fission data. The corrected ternary anisotropy was found to be
(0.91 + 0.07}).

It is of interest to correlate (n,®) anisotropy in 3 eV
2
35 3)

neutron induced ternary fission of with the anisotrony
of ternary fragments measured in the present work. According to

X . . 1) . . . - . .
the Xvaporation lodel ) the angular distribution of IRA is given

by w7
7 . ‘\ T ‘( ‘ P o~ A - {)" Cc 5.
e (8) = | SR

Imposing on this the condition that IRA and temary fission
fragments are emitted at right angles to each other, the ternary

Tragment angular distribution obtained is Wk£.#(9):z o1 M e,

Using the LRA lﬂlultlb})l) i 1.3%2 + 0012Athls gives for the

ot
=
W
H
th
b

agrent anisctropye value of 0.836 + .05 which is in fair
o -

arf rement with the value obtained in the present measurements,

The resulss of the present work suggest that due to the enission

cf LRA the K-distribution at the scission state in ternary
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i
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figsion is different from that in binary fission.

1} R Rimﬂnua, K.G. Nair and S.S. Kapoor, Phys.Rev.129, (1963)

fﬁSO; D.. Nadkarni, Proc.Nucl.Phys.Symposium, India
(1966) 35 :
2) J.E. Simmons and R.L. Henkel, Phys. Rev.120,(1960) 198,

3) V.A. Hattangadi, T.Methasiri, D.M. Nadkarni, R. Ramanna
and P.N. Rama Rao, SM-60/71, IAEA Symposium on Phys & Chem.
of Pission, Salzburg (1965).

15, Total and partial widths for levels in 1>/O - A.5. Divatia,

K.K, Sekharan and M.K. Mehta - Total widths for 16 levels in 17O

in the excitation energy region 7.9 to 10.5 lieV have heen obtained

from a study of the total cross section for the C(aun) 60 re-

1)

action ’;, for the incident alpha energy range 1.95 - 5.57 eV,

using a 417 neutron detector. Partial widths E;_and KLand the
2

corresponding reduced widths f; and Y, have been determined for

the four levels at 8.40, 8.50, 9.19 and9.83 MeV,
To be published in the Physical Review.

1) Yafo Sckharan, A.S. Divatia and I.K. llehta, Proceedings
of W.P. and $.8.P. Symposium, India, (1966) 93

16, Study of the structure in the excitation functions for the

¢actions ' al(p )ty and “TA1(p e “tug” - M.X. Menta, A. s.

Divatia, 5.8. Kerekatte and K.K. Sekharan - In continuation of

. 1) . . 27

previous work )9 the yields from the reactions 7A1(p,ug

. 27, ~ ¢ 24, % ,

and T 'AL(», %) Mg have been measured at a few angles for the

’ (/‘ .
rznge >f proton bombarding energy from 4 toc 5.5 MeV. The excit-
ation functions reveal 2 gross structure on which finer variat-
ions are superiummised. A cross-correlation analysis is under

progress to determine whether the strong resonance like stfuctures



are indeed reso)nances repjresenting individual levels in the com-

28 - . .
sound nucleus Si and not the so called Ericson fluctuations.
. ‘ .
1) 1I.K. Mehta and A.S. Divatia, Proceedings of the N.P. and
$.5.P. Sympasium India (1965) 80, '

17, A non-linear least square fit nrogramme for gaussian fitt-

*
ing - 5.K. Gupta -~ A non linear least square fit programme for

fitting the sulse height spectra with gaussian peaks and flat
background has been written up combining the exact process of

linear least square fitting for linearly occuring parameters and

1)

ninimizing process of a non-linear function. Davidon and

2)

Fletcher and Powell process has bezn used for the latfer. It
has been observed that this combination speeds up the fitting.
The time taken on the CDC - 3600 computer for one peak is~3
scconds. Already 225 spectra of 100 channels each have been
2 ;
anzlyzed. The form A exp( - (n - NO) /s ) seemed better than
2, *~ . .
the form A exp( - (W - NO) /& ) for gaussian. With first
=
form the process always succeeded but with the second form the

rrocess failed ~ 30% times giving inaccurate estimates of vari-

ance - convariance matrix.

1) W.C. Davidon, ANL-5990 (Rev.), 1959.

2) R. Fletcher and #.J. D. Powell, Computer Journal (1963),163,

13,  The 6.57 MeV level in '°B - K.B. Nambiar, M.Balakrishnan

4 e T mhetea \ L1
and M.K. lMehta - The 6.57 MeV energy level in OB has been
gstudliced by the elastic scattering of K -particles from "Li.
Phis level appears to be well-isclated from the neighbouring

ones and 1% should, therefore, be possible to assign spin and

* Tata Institute of Fundamental Research, Bombay.



varity by the application of the single level resonance theory.,
However, the chianncl spin 1 involved in this reaction, makes the

Job rather complicated.

Selecting four angles which correspond to the zeroes of

the Legendre polynomial '4, P39 P4 & P2, excitations were
E(labo) (labg
o~

vy

obtained in the energy range 3.00 HeV 4"o Lo
1.42 eV in steps of 10 KeV. The spectrometer consisted of four
solid state detectors mounted at laboratory angles 45@, 5609 710
and 840 which correspond to the zeroes of the Legendre polyno-

mials P

P3’ P4 and on The pulses obtained, after suiltable

49
amplification were fed into a TMC 400 channel analyzer. A
current integrator was used to measure the total charge deposit-

ed by the o ~beam in a Faraday cup, during each run.

A typical excitation curve obtained at @1 ab. = 560 is
shown in fig.19., The anomaly observed at Ey (lab.) = 3.50 MeV
exhibits striking changes in the shape at the four angles. This
is more obvious in fig.20. A shape analysis of the resonance
is being done inioraer to determine the spin and parity of the
corresponding 6.57 MeV level in 1OB° A general computer progr-
amme for analysing the cross sections of elastically scattered
A -particle by shape fitting is being written. This programnme
makes use of Wigner's R-matrix formaiism using single level
approximation for a general case of arbitrary spin. If a succ-
essful shape analysis can be performed on the resonance at

3.5 MeV, it will be tried on other resonances too. i
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13, Study of the eneray levels of odd mass isotooes of In Ag,

Rh 2nd b by the inelastic scatdering of protons - V.R. Pandha-

ripande*, K.G. Prasad* and R.P. Sharma* - The energy levels of
the odd mass isotopes of In, Ag, Rh and Nb have been studied by
the inelastic scattering of protons of energy 3.5, 4.0 and 4.5
MeV., The enitted gamma radiation in this reaction has been
observed on a lithium drifted germanium detector. The yield of
various transitions as a function of energy has been determined.
The varigs excited -tates in the above-mentioned nuclei have been
established‘by combining the »resent data wifh the earlier known

ensrgy levels in this region,

127

20, Coulomb excitation studies in I - S.H. Devare*, P. M.

Tandon* and H.G. Devarc* ~ The gamma spectra in the Coulonb
excitation of 127I have been studied using hoth a scintillation
and a high resolution Ge(Li) solid state detector. Alpha par-
ticles and »rotons accelerated upto 5.25 eV energy in the Van

de Graaff pachine were used for these studies. The gamia spectra
recorded at various charged particle energies were analyzed and
the excitation curves plotted from the thick target yields.

The B(E2) values for the excitation of various levels were cal-
culated taking into account the branchings and conversion co-

¢fficients known from radioactive decay.

21, On the estimation of background in (X,Gama) reactions -

M.N, Viswesvariah - A method for the determination of the ampli-

tude of the photopeal in a nmeasured gamma spectrum in the

*  DPata Institute of Fundamental Research, Bombay.



oresance of an unkwnoun Hackground is propwsed. This involves

=ognometrical construchisa naeking use Jf the to) of the photopenk;

the compton edze = the valley point. It is useful for ganmua

o

£

energles up to 2 MeV. A criterion is also proposed for tac
devermination of the foot of the photopeak from where background
subtraction can Hegin in the study of gamm spectra of radio
ruclides.  The method is uwseful for singls garma cnergies or

<+

puotopealks are sevarated further avart than

-y
o
H

aton edse scparation single gamnna ensrgy.

The propocsed srocedure can ve adophed for a compubter programne

(S 0y

in the analysis of gamia spoctra.

- e 12,3 IK: 12 .,3 3 12, .
22,  The | C()Lg,p)'¢N and _“C( He, 'He) '“C reaction - N. S.

Thampi, C.M. Lamba, N. Sarma and D.K. Soud* - The angular distri-
hutions for the reactions 126(5Hu9394ﬁ and 120(3Hey3He)120 for

various outgoing proton groups have becn measured in steps of
10 KeV at a9 incident energy around 5.5 MeV from the Van de

weocterator. Angular distributions are found to be in—
variant with energy. These have bewn fitsed with a series of
Leznmdre polynomizls. A DWBA analysis of clastic scatvering of
BHe is beingigerfarmed to yield opftical model parameters which

o

arc to he utilised for DWBA analysis of rcactions,

*  TIndiar Institute of Technology, Kanpur.
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THSURULLITT ‘"‘ION AND DATA PROCESSING

T, A clrcuit for preventing aCbHMUldtLOH of experimental data

vhoen the auclear reaction rate exceeds a pregetd . value - S.K.

* * 2 T ° . .
Gupta , X.V.X. Iyengar sand P.J. Bhalerao - A circuit has becn

devised to restrict accwaulation. of (n,Y) anzular corrslation
data in A(x,nY)B type reactions only, to periods when the count-
ine rate in the gamma detector is below the fatigue level of the

shotomultiplier and its gain insensitive to changes in the count-

ng rate.
Published in Nucl. Ins¥r. and leth. 44 (1966) 123,
2., An anti-coincidence rinz counter around Ge(Li) detector -

P.J. thu,\ao and K.V.X, Iyﬁr“ar* ~.An}anti~coincidence ring counter
using a 1C cm. thick plastic”’ JCLuL Llutor of about 30 cm dia.is
heing duvcloped'(ﬁince HaI(TL) sC lntlllat“rs of this size are not
availavle) tu anti-coincidence gate the pulscs observed in Ge(Li)

tor of 1.8 com diam. and 0.2 mu depletion depth. The light

Cou
<
~

flashes generated 1in the plastic scintillator by compton scatier-
ed gama rays escaping from the Ge(Li) detector will bve collected
by & bank of four RCA 63424 ghotomuitipliers, whose anode outputs
pre’idonht cted Anlparallel o The hiflve FEnerEted® Bt The =rode
after suitavle amplifitatibinwill’ Yoo ubed” Tobemtidebindilience

gate: the ispebtrun il tHe e (Ti) detedbor Wikh the object ot

reducing- $he intehses comptodh &l Que vy hi ghVeviergy Batma rays

oFhe eiriye” %rea@ﬁt\to ‘facilitate” ddtebtivh and neasireent o the

*.5Meta Institute of Fundanéntal: Refsedrch)  Bombayh,

v\‘,t)ﬁ Cdyrmanot Sofooobrgy Yo sauv idecl giet



intensity of weak low energy gamma rays riding on the compton
tail of higher energy gamma rays. It is plammed to use this
detector assembly by itself and also in conjunction with a.

large NaI(T{) crystal and photoumultiplier assembly for study of

gamma rays from 45 oc(p,n)45T1, V(p,n)51 Cr, 55 Mn(p,n) F@ etc.

to obtain information on the decay schemes of the levels of 45Ti9
51C 55 '

r, Fe etc.

3 Past discriminator circuits -~ II.Y. Vage and K.V.X.Iyengar

- Tast discriminator circuifs capable of triggering on low

level pulses are being develooed using tunnel diodes and tran-
sistors to obtaln oulses of extreme1J short rise time and con-
stant height. These will then be shaped by delay cables and
will be used in conjunction ‘with tlpe—to—helght converters to
determine neutron energies p?écisely by measﬁring‘their time-of-
flight with respect to a refé#cnce signal‘and_also to measure

short half-lives in the ns region.

4., On the ion-qpticé of a*éplit pole maghetic spectrogranh -

- M.N. Viswesvariah and N. Sarma - The’ionéoptiCS of a split

0 2poley magnetic, spectrograph: have been: dnyvestigated: theoretic-
ally. Expressions; aw dp;r‘kve@ for, therifinal; lmmge distance;,

_medien olane: and.{ vertical's magnifieatinns, dispersion : and:

mpmepﬁgmwreggiqpip@eggﬂhﬁj&ﬁﬂggij@i'Q@pnlpnmbmﬂa@@nimgi&uﬁgto

su-Auglear reaction, kinematicsk hap adso been: taken imto,account.

The; eauationg wexre @xogrammed for: a GDC<—‘360Q,o®mpu$rr and::

results obtained for a given pole face 1ayout°m;

TombefmubilsmadﬂlnLNu@lua&ﬂgnst@umeﬁﬁi@@dLMé%h%dsﬁ

- S e e o S e o o e i S S et s L o U — ) - . " o S o P (A ol A T el ) s S o

*  Tata Instifute of Fundamental Research, Bombay,



*
S Current Integrator - S.X. Gunta - A transtorized current

ivtegrater has bheen designed to int&grate currents ranging fron

)
1

T ni to 10 A, The princisle of the instrument is illustrated
by the following bhlock diagram:

®Farsday Cup

[+
D.C. Discriminator] | Gated M.V.._g0utout
‘T”.Amplifier ’
| e
Cy=— G
% L gDisoharge Unit
1 A

The condenser 01 is charged using a D.C. amplifier. The
rise of tne voltage at the input is~7TmV. When D.C. amplifier
voltage reaches trigéer Level the discriminator actuates the
multivibrator which in turn ooer:ates the discharge unit to re-
nove a constant quantum of charge. .The precision of the in-

v e
STTiuIeMmY L

4]

ey e
e 10 PRV

Gopendent uporn tie comstancy of discharge
quantum.
& .

The discharge unit consists of a transistor: andltwo low
leakage silcon diodes (IN3579) with a capacitor. The charging
capacitor C1 and the discharging capacitor have been chosen for
very low leakage (Hermetically sealed silvered mica capacitors
have proved to have lowest leakage). The capacitor 02 quenches
the volsagze surges. The gated multivibrator provides occasional
overload handling. The inout leakage of the circuit is estimated

. A—12 . s . . . .
to be ~ 5 x 107 7 amp. The circuit is heing improved to incwv:.ase

* Tata Institute of Fundamental Researc!i, Bombay.



the range of currents handled and to lmprove the reliability
of the circulit,.

-

o. The ion ootics of a seneraliged constant deviation mao-

netic shyectrograph - M.N. Viswesvariah and N. Sarma - The problem

o)

of oht:

b

1ining a third order focus in a constant deviation spectro-
graph has been treated analytically and a condition’ obtained
7iviang rise to a number of possible combinations of incident
anglas E1 and deviations @. One of the E1, 7 pairs of values
agress with the value used for a spectrogranh built at Copen-
hagen1 . Por the other pairs of E,, @ values, the first order
ion optical parameters like final image distance, horigontal

and vertical magnifications, momentum dispersion and resolution
have been calculated. It is .observed that the momentum resolut-
ion increases not only linearly with change in orbit radius a,
but also with change in source distance, which makes 1t possible
to obtain a desired resolutioﬁ by a suitable change in source
distance, A type of pole edge contouring used for the split-
nole spéctrographg), has been proposed for the cornstant deviat-
ion spectrograph also and the necessary changes in the equations
for the calculation of vertical magnification have been taken

into aceount.

1) Borggresen et al Nucl. Instr. & Methods 24 (1963) 1.

2) M.N. Viswesvariah and N. Sarma Nucl. Instr. & Liethods
(to be published).
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RADIATION SURVEY

G. Inthukrishnan

During the period under report 3He beam was used for experiments
in the Van de Graaff Accelerator. Past neutron surveys were
conducted at various places in the beam room and accelerator
room. A B F3 countar, surrvound«d with paraffin was used for the
survey., It was calibrated with the standard 50 mc Ra-Be source
and it was found to have a sensitivity of 2 cpm/unif neutron
flvx.' The results of the survey are tabulated below:

Beam Roon

7z - .
“He Beamn Focus Bombarded Location Fast neutron
encrgy  current  Pick-up material flnx
‘ ' neutrons/
, - ’ 2
HeV pa pa cn” /sec,
2.5 0,15 0.9 V target 5 meters from
the analysing 20
maznet
[
2.5 0.15 0.9 V target shielded eatr- 3
ance passage
2.5 0.15 0.9 V target Outside beam 0
room door
5.5 0,2 1.8 V target 6 neters from
the analysing - 200
magned
5.5 0.2 1.8 V target shielded entr- 13
- ance passage N
5.5 0.2 1.8 V target outside bean 10

room door

* Health Physics Division.



Acczlzrator Rocn

JHe Beam Tocus Bonvarded Location Fast neutron
energy current pick-u)p material flux
aegutrons
MeV pa pa 4cm2/sec°
2.5 0.15 0.9 V target floor hatch 12
2.5 0,15 0.9 V target Near the wall .0
2.5 0.15 0.9 V target outside icce- 0
' lerator room
door
5.5 0.2 1.8 V target floor hatch . 60
5.5 0.2 1.8 V target near the wall 40
565 0.2 1.8 V target outside accele-
rator room door 0

SEINARS

Weekly seminars were conducted in the Van de Graaff
Laboratory. Personnel working on different problems gave
interzsting talks at these seminars. A series of lectures on
'Statistical analysis of the experimental data' were given by
S.K. Guptaj Dr.A.S. Divatia and K.B. Nambiar dealt with High

Vacuumn Physics in a series of six lectures.
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(Convener), D.I. Xundu 3.0, Restogl, 1. Srinivasan and

G, Venkataraman.

Information relevant $to naclear data collected from variocus
institutions and laboratories has been compiled and published as
the thizr prograss reporﬁ on Nuclear Data lleasuring Activities
in India. Copies of this report énd other BARC reports of
interest have been sent to the International Nuclear Data

Committee (INDC) which is a part of the International Atomic

Brizrgy Agency, foriinternational distribution.

Regular contributions were sent to the CINDA programme of
the INDC. This prograrmme involves scanﬁing of all relevant
Indian Journals and renorits every month and sending the infor-
mation regarding nuclear data contained in them in & spescified

CINDA-2ntry form.

The 160(ny1)130 reaction cross sections have been obtained
from the 1BC(rx,n)mO reaction, using the principle of reciprocity,
in the incident neutron energy range 3,95 to 6.50 lleV. A paper
on this was preéented at the IAEA sponsored conference on Nuclear
Data, held at Paris, during October 19661)o

For accurate calibration of the 4W neutron counter a gas

3

target set up for using the known reaction D(d,n) He as the

* Tata Institute of Fundamental Research, Bombay
*¥*  Baha Institute of Nuclear Physics, Calcutta.
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c~libration reaction, was built., A manometer using a silicoen

21l ag the Liguid helps $0 measure the gas pressure and hencs

A1l resports pertzining to nuclear data recelved from the
IAYA are maintained sevarately in the Physics Group Library at
Van de Graaff Taboratory, and are available for use. A 1list of
tliose reports is prepared periondically and the list can be

ahhainad on reauest.

1) A:So Divatias, K.K. Sekharan and M.K. ilehta, The
1 13 .. 16
"C6(n ’G Reaction Cross Sections from the  ~Cew.n) 0

c

Reaction Cross Sections; To be publisheld in the procecd-~
inges of the IAEA Conference on Nuclear Datz-kicroscogic
Cross Sections and other Data Basic for Reactors, Paris,

055
e

October 16

LIBRARY

Tha Phwvsics Group Library at the Van de Graaff Labora-
tories rogistered o further growth duvuring the year and is agsin
suneriencing a svace shortage for ths growing sbtock. A progra-

mne 0 assess the extent to which the computer can he used for

Y
[
[
(@]
£
Ui
(6
f Jo
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¢

s10g the rassarch reports in under study.

Library Collections The library received 504 books and 235 bound

volunmes of periodicals during the year taking the total collect-
ion o 5087 volumes. This sxcludys 3.A.R.C. reports and reprints

wittoh also registered an increase over the previous period.



o Duolicate coplus of regearch reports on Nuclear Paysics
2l o lisd subjects recuived 2t the Depository library have been
transferred to Van de Graaff Library during the yeaxr.

wicro film reader: A nicro film reader has becn installed in the

library. Steps to convert it into a micro-fiche rcader which is

of use, is under consideration.
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Library Guids: A panphlet "A Guide for users of Van de Graaff

s under preparation. It 1s proposed to issue cyclo-

(=2

Linvary"
o

styled copies of this pamphlet to the library users.



