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PREFACE

This report gives an overview of the scientific and technical activity at the Nuclear
Physics Division (NPD) during the last two years. The physics report includes
detailed experimental explorations carried out using heavy ion beams at the BARC-
TIFR pelletron facility located at TIFR and operated by the NPD staff. The central
theme of this program is to provide accurate data sets to study the heavy ion reaction
dynamics near the Coulomb barrier and the structure of high spin states in nuclei. In
addition, the report includes the experimental collaboration carried out at advanced
accelerator facilities, like RHIC, COSY, etc., abroad. This includes the quark gluon
plasma studies and the rj meson production in intermediate energy nuclear reactions.

The theoretical research reported include that relevant to various experimental
programs mentioned above, and, in general, the nuclear physics in non- and sub-
nucleonic domains.

In the field of accelerator development the Division had the ongoing projects of the
design, development, fabrication and installation of the 7 MV Folded Tandem Ion
Accelerator (FOTIA) and the superconducting linac booster for the Pelletron. The
first stage of the linac project has been completed. It has successfully demonstrated
the functioning of the indigenously developed resonator modules. On FOTIA project
the installation has begun. The injector part for putting the beam in the vertical
column is working.

The Pelletron accelerator, the main work-horse for experimentalists, provided an
excellent service to the users. A report on its running and maintenance is included.

Dr. S.K.Kataria, Head, Electronics Division, while in NPD, has contributed much
in preparing this report. We gratefully acknowledge his efforts.

Mumbai, B.KJain,
1997. Head, Nuclear Physics Division.
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Anomalously high fission cross-sections in nB-f2;<8U
and 16O+232Th at deep sub-barrier energies

D.M. Nadkarni, A. Saxena, D.C. Biswas, R.K. Choudhury, S.S. Kapoor
N. Majumdar* and P. Bhattacharya*.

*Saha Institute of Nuclear Physics, Calcutta

Anomalously large enhancements in proton and alpha particle induced fission cross-
sections of 235-238U observed earlier in the extreme sub-barrier energy (ESBE) region (
below 10% of the fusion barrier energy) led to the conjecture that these fission events
could be due to the fission of Coulomb excited states in the target nucleus[l]. Such a
process could be studied more efficiently with heavier ions as projectiles. Earlier[2], we
reported measurements of fission cross-sections in uB-f232Th and 19F+232Th systems[2]
which also showed similar large enhancements in the fission cross sections at deep sub-
barrier energies.
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Figure 1: Fission cross-section as a function centre of
mass energy for 16O+232Th system

In the present work, we have extended the fission cross-section measurements for
some more systems viz. UB+238U and 16O+232Th systems. Two X-Y sensitive Breskin
counters were used in kinematic coincidence to detect the fission fragments. The folding
angle technique[3] was employed to separate (i) fusion fission(FF) events corresponding
to full momentum transfer, (ii) transfer induced fission(TF) events corresponding to more
than full momentum transfer at sub-barrier energies and (iii) low momentum transfer

1



fission(LMTF) events corresponding to a peak near 180 deg. The measured FF excitation
functions agree with the coupled channel calculations(CCFUS) at all energies except in
ESBE region for both systems ( fig.l and 2 ) suggesting that in the ESBE region the use
of WKB transmission coefficients may not be valid, if long range absorption contributions
generated by optical potentials are appreciable[4]. The mechanism resulting in LMTF
is not known. The fast neutron background has been measured separately by a NE-213
neutron detector and the observed LMTF cross-section could not be explained in terms
of fast neutron background induced fission.
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1. N.N. Ajitanand et al., Phys. Rev. Lett. 58, 1520 (1987); Phys. Rev. C40, R1854
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2. D.M.Nadkarni et al.,Proc. Int. Nucl. Symp. (INPS-95), B85(1995)

3. N.Majumdaret al., Phys. Rev. C51, 3109(1995); Phys. Rev. C53 R544(1996)
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Measurement of transfer cross sections in 19F, 16O, 12C+232Th
Systems at near barrier energies.

D. C. Biswas, R. K. Choudhury, A. Saxena, B.K. Nayak
L. M. Pant, D. M. Nadkarni and V. S. Rammurthy*

* Department of Science and Technology, New Delhi

For a detailed understanding of the heavy ion reaction dynamics, it is of interest to
study simultaneously the cross-sections of different reaction channels as a function of the
bombarding energy. In the present work we have measured the transfer cross sections in
19F, 1 6 0 , X2C+232Th reactions and compared them with the total reaction cross section
( transfer + fusion-fission) at energies near and above the Coulomb barrier for all the
systems.
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Figure 1: Excitation function of transfer
yield ( the lines are guide to the eye ) as well
as total fission ( lines are Wong model calcu-
lations ). The transfer data for 16O+232Th
reaction are reported from ref. 2 and present
work ( denoted by P ).

The experiment was performed using the 14MV Pelletron accelerator at Bombay.



Beams of 19F (92.0 to 113.6 MeV), 16O (86.6 and 94.8 MeV) and 12C (58.79 to 81.7
MeV) were used to bombard a self-supporting 232Th target of 1.8 mg/cm2 thickness. The
projectile like particles (PLP) were detected in the angular range 40 deg to 150 deg using
two AEyo,-E,., and two AE,.,-E,,, detector telescopes. Another detector placed in the
forward direction of 20 deg angle was used to monitor the elastically scattered particles for
normalising the angular distribution data. The details of analysis for isotope separation of
the PLP's and multinucleon correlations in transfer processes has been reported earlier[l].
The overall angular distributions are seen to be nearly bell shaped and become broader
with increasing nucleon transfer. The angle integrated total transfer cross sections have
been obtained for different systems and are plotted along with some of the earlier transfer
cross section [2,3] and fission cross section [4] data in fig.l.

It is observed that in case of 19F+232Th the dominant yields are from 18O (corre-
sponding to lp transfer), 15N ( la transfer) and 14C (pa correlated cluster transfer). For
1 6 0, 12C+232Th reactions the yields corresponding to lp and 2p transfer channels are
dominant. The striking differences in the behavior of the yield of transfer channels for
systems studied in the present work, may be connected to the structure of the projectile
and entrance channel dynamics of the reactions.

Figure 2: Ratio of transfer cross section to the total re-
action cross section plotted as a function of bombarding
energies for l 9F, l 6O, l2C+232Th reactions.

In fig.2 we have plotted the ratio of transfer cross section (crtr) to the total cross section
(crtr+CTji,) as a function of beam energy in all the three cases. It is seen that at energies
above the Coulomb barrier, this ratio shows a saturation behaviour and increases sharply
at sub-barrier energies for all the three systems. The systems of l 9F + 232Th and l6O +



232Th show nearly the same trend at all energies and the transfer channel is comparatively
more enhanced in these cases than the 12C + 232Th system. Qualitatively, this result may
indicate that in case of the former two systems, the dinuclear system has a tendency to
reseparate after some nucleon exchange as compared to the 12C + 232Th system. In other
words the l2C + 232Th is more likely to proceed to fusion than reseparation after nucleon
transfer. At the sub-barrier energies, all the systems have enhanced transfer yields and
therefore transfer reactions are expected to play an important role in the entrance channel
dynamics of these reactions at sub-barrier energies. These results may have a bearing to
the experimental observations of the anomalies in the fusion-fission angular distributions
in these systems[4].

1. D.C. Biswas et al., Phys. Rev. C52 R2827 (1995).

2. J. P. Lestone et al, Nucl. Phys. A509 178 (1990).

3. J. S. Karp et al., Phys. Rev. C25 1838 (1982).

4. N. Majumdar et al., Phys. Rev. C53 R544 (1996).; Phys. Rev. Lett. 77, 25
(1996).

Study of excitation energy dependence of fission fragment
anisotropies in sequential transfer fission in 19F-f232Th

reaction at 106.5 MeV.
D.C. Biswas, R.K. Choudhury, D.M. Nadkarni and V.S. Ramamurthy*

* Department of Science and Technology, New Delhi.

Anomalous fragment anisotropies have been observed recently in several heavy ion
induced fission reactions, as compared to standard saddle point statistical model (SSPSM)
calculations and several hypotheses including broadening of fusion 1-distributions and
onset of new reaction channels such as quasi-fission, fast-fission and pre-eqilibrium fission
have been invoked to explain the large fragment anisotropies[l,2]. It is observed that the
compound nucleus anisotropy increases further when the contribution of transfer induced
fission is excluded from the measurement of total fragment anisotropy[2]. However, there
have been only very limited measurements on fission fragment angular distribution studies
in transfer induced reactions. In the present work we have measured the in-plane angular
distributions in 19F+232Th reaction at 106.5 MeV as a function of excitation energy in
sequential fission corresponding to various out-going transfer products.

The experiment was performed using 19F beam (E,at=106.5 MeV) from BARC-TIFR
Pelletron accelerator to bombard a self supporting 232Th target. The projectile-like par-
ticles ( PLP's ) were measured in the angular range 40 deg to 150 deg using two AE (
17 /i )-E ( 500 fi ) surface barrier detector telescopes. A AEsa,-E5OJ> position sensitive
ionisation chamber having large angular coverage ( 30 deg ) in the reaction plane was
used to measure one of the fission fragments in coincidence with the PLP's. It is ob-
served that the dominating transfer channels are 18O, 15N and 14C corresponding to lp,
l a and (lp, la) transfer from the projectile to target[3]. The transfer fission probability
increases with mass transfer and excitation energy of the fissioning nucleus. The inplane



fission fragment angular distributions were obtained in cm. frame of the recoils in vari-
ous transfer reaction channels corresponding to the emission of PLP's at different angles
{&iab = 90°, 100°, 110° and 120°) around the grazing angle. The fragment anisotropies were
determined with respect to the recoil direction of the fissioning nucleus. It is found that
the anisotropy values are smaller than the total fission events[4]. We have determined the
fragment anisotropy as a function of excitation energy of the fissioning nucleus as shown
in figure.
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Figure 1:

It is seen that for all the transfer channels the anisotropy decreases with increasing
excitation energy. This implies that as the excitation energy increases, the K^ value
increases, thereby leading to a decrease in anisotropy of the fission fragments at higher
exitation energy.

1. V.S.Ramamurthy et al., Phys. Rev. Lett. 65 25 (1990).

2. N. Majumdar et al., Phys. Rev. C51 3109 (1995); Phys. Rev. C53 R544 (1996);
Phys. Rev. Lett. 77 25 (1996).

3. D.C. Biswas et al., Phys. Rev. C52 R2827 (1995).

4. D.C. Biswas et al., International Conf. on Nucl. Phys, China (Aug. 1995).



One- and two-proton transfer in 12C, 16O +154Sm and 16O + 115In
reactions

B. K. Nayak, R. K. Choudhury, L. M. Pant, A. Saxena,
D. M. Nadkarni and S.S. Kapoor

Experimental observations have shown that the nucleon transfer probability decreases
exponentially with increasing internuclear distances and this has been explained in semi-
classical model, in terms of the binding energy derived decay constant, a = y/2jTEb/h,
where /* and Eb are the reduced mass and binding energy of the transferred nucleon(s).
One of the prediction of semiclassical model is that a for two-nucleon transfer is roughly
twice that for one-nucleon transfer. However, the majority of reactions studied show that
the two-nucleon transfer decay constant is either similar or even smaller than that for
one-nucleon transfer. This observation has become known as the "slope anomaly" [1].
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Figure 1: Variation of transfer probabilities as function
of D, calculated including the contribution of nuclear
branch of D to transfer probability.

In the present work, we have carried out measurements on cross sections for one-
and two-proton transfer channels for 12C-f 154Sm, 160+154Sm and 16O+U5In reactions
with beam energies of 86, 100 and 90 MeV respectively. The reaction products were
measured in the angular range of 20° to 62.5° in steps of 2.5° using two AE — E (SS)
telescopes. The transfer probabilities of one- and two-proton transfers at large distances
were determined from the angular distribution (dcr/d£l) data. We have analyzed the



results on the basis of two different semiclassical formalisms with an aim of examining the
applicability of these methods to the analysis of one- and two-nucleon transfer reactions.
In the first approach, transfer cross section is calculated considering contributions from
both Coulomb and nuclear branches of the distance of closest approach(Z)) and compared
with the experimental data. In the second approach[2], it is assumed that the width of
the transfer angular distribution arises from classical and quantum diffractional effects.
The effect of quantum diffraction on the measured transfer cross sections is then removed
to obtain "classical" transfer cross section:

exp

'da\

^ / measured
(1)

Where A0da, is the width of the classical angular distribution calculated assuming a
Coulomb trajectory and A9tot is the width of the measured angular distribution. The
classical angular distribution {%) so obtained is converted to classical transfer proba-
bility, P£a$ as a function of D, which can be compared with binding energy derived decay
constant.

16 119,
0+ In

01

<b
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Figure 2: Variation of Ptr/ sin(0/2) as function of D,
after removing the contribution due to the quantum
diffraction effect.

• Results of transfer probabilities calculated by first approach, are shown as a function
of D in Fig. 1 as solid lines, along with the experimental values. Similarly, Fig. 2 shows
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the classical transfer probability obtained by second method and the solid lines are the
calculations corresponding to the binding energy derived decay constants. One can see
that the observed transfer probabilities as function of D are reasonably explained by either
of the two approaches. The present analysis suggests that the semiclassical methods are
successful in explaining the transfer probabilities and the so called "slope anomaly" is
only a procedural anomaly.

1. C. V. K. Baba et ai, Phys. Lett. B 338, 147 (1994).

2. D. M. Herrick et ai, Phys. Rev. C 52,747 (1995).

Mass and angular momentum transfer in reactions of 16O +
115In and 154Sm at £lab=100 MeV

B. K. Nayak, R. K. Choudhury, and S.S. Kapoor

In an earlier work[l], we studied the correlation of angular momentum transfer and total
kinetic energy loss(TKEL) in 12C and l6O with 115In and 154Sm transfer reactions, where
we observed a linear correlation between the value of (A/) and TKEL for lower energy
losses and a saturation in the value of (M) for higher TKEL and which is correlated
with the change in shape of angular distribution as a function of TKEL around same
energy. Here, we report our measurements on the mass and angular momentum transfer
correlation in 16O+115In and 1 60 + 154Sm transfer reactions. Further, the experimental
results have been compared with the predictions of the sum-rule model of Wilczynski et
al.[2]. This model has been employed earlier to study incomplete fusion reactions at some
what higher energies[3] and been able to reasonably explain cross sections and angular
momentum transfer in heavy ion reactions.

154Sm and 115In targets of 1.04 mg/cm2 and 300 fig/cm2 thickness were bombarded
with 16O of 100 MeV projectiles from the 14 UD BARC-TIFR Pelletron accelerator facility
at Mumbai. Two pairs of particle telescopes consisting of (AE(l7fim) and E{\mm)) Si
detectors were kept at 30° and 45° with respect to the beam direction to detect projectile-
like-fragments (PLF). A 7-ray multiplicity array[3] ,consisting of 15 BGO detectors was
operated in coincidence with either of two telescopes for 7-ray fold distribution mea-
surements. The mass and charge identification of the different isotopes was carried out
following the algorithm [(E+AE)6 - E6]= KM^'^Z 2 , where K and b are constants. The
first two moments ({M) and (M2)) of the multiplicity distribution were determined for
various PLF channels.

The Wilczynski sum-rule model attributes incomplete fusion reactions to "hard graz-
ing" collisions in which transfer of mass can occur only if the angular momentum of
relative motion of the captured fragment with respect to the absorbing nucleus is smaller
than the critical angular momentum of the fragment and it is assumed that the relative
probability of different mass transfers are governed by phase-space considerations. The
captured fragment carries with it a fraction of the total angular momentum equal to its
fraction of the projectile mass. The sum-rule model predicts a very specific localization
of various reaction in /-space, Fig.l shows sum-rule predictions of the initial partial wave



200

100

+ 50 -

16 _ 115.
0+ In

i 3

50 100 150
ANGULAR MOMENTUM I (h)

Figure 1:

1O

3 O

tOO ttey O-r In
WILCZYNSKI mt cU.

m OBSERVED <OrxPT"

1OO M«V ' V " 4 *
WILCZYNSKI mt at.

A OBSERVED (

Figure 2:

distributions leading to selected reaction channels in 160 + n sIn reaction. Moreover, in

10



this model the entrance-channel angular momentum for a given reaction channel is

W

, where Ti is the transmission probability, p is the reaction probability for a given channel
and Nf is the /-dependent normalization constant to satisfy the sum-rule requirement for
each /. The transferred angular momentum {^TRANSFER

 c a n ^ e e x P r e s s e d as

(I)TRANSFER ~ ~£ (0

, where A\ is the projectile mass and n is the number of nucleons transferred from pro-
jectile to target.

Fig.2 shows the experimental results on (1)TRANSFER ^ a function of mass of the
observed ejectiles for both the reactions. The predictions of the sum-rule model have
been shown by continuous lines. The sum-rule model explains the initial linear correlation
between (^TRANSFER

 an<^ m a s s transfer, but it does not account the saturation behaviour
seen for both the systems for higher mass transfer.

1. B.K. Nayak, L.M. Pant, R.K. Choudhury, D.M. Nadkarni and S.S. Kapoor, Pro-
ceeding of INPS-95, Bombay, 1995.

2. J. Wilczynski et al., Nucl. Phys. A373, 109 (1982).

3. M. N. Namboodiri et al., Phys. Rev, C35, 149 (1987).

Probing Fusion Barrier Distribution in 12C -f- 232Th with
Quasi-elastic Excitation Function

Raghav Varma*, R. K. Choudhury, B. K. Nayak,R.G. Thomas, D. C. Biswas,
B. V. Dinesh, L. M. Pant, Alok Saxena and D. M. Nadkarni

* Indian Institute of Technology, Mumbai,

The study of heavy ion induced fusion-fission reactions around the Coulomb barrier in
systems with high fissility has assumed importance primarily because of the observation of
anomalous angular distribution of the fission fragments in comparision to the predictions
of Statistical Saddle Point Model (SSPM)[1]. Different mechanisms have been invoked to
account for this anomalous behaviour such as (i) broadening of the {-distribution and (ii)
the onset pre-equlibrium fission mechanism (fission before /(^-equilibration).

In fissile systems, the fusion excitation function and (/2) are inferred from the fission
excitation function and angular distribution of fission fragments. The barrier distribu-
tions derived from these data rely on the assumption that fission fragments originate
from fully equilibrated compound systems and that there are no other dynamical pro-
cesses giving rise to fission-like phenomena. Recently[2], there have been some reports,
where the authors have shown that by an analysis of the quasi-elastic excitation function
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one can obtain fusion barrier distributions. Therefore, it is of interest to compare fusion
barrier distributions obtained by both quasi-elastic scattering and fusion excitation func-
tion measurements, which may provide signature on entrance channel dynamics in the
fusion-fission process in the fissile systems.
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Figure 1: (a) Quasi-elastc excitation function
measured at 0^ — 170°, (b) Barrier distri-
butions obtained from quasi-elastic scatter-
ing and that from fission excitation function
measurements(see text).

In the present paper, we report our measurements on quasi-elastic scattering in 12C
-I- 232Th reaction.

The measurements were carried out with 12C beams from the BARC-TIFR Pelletron
accelerator in the energy range from 51.0 to 79 MeV. The target was 400 fig/cm2 232Th
electrolytically deposited on about 320 fig/cm2 Ni backing. Two AE-E telescopes were
positioned at 160° and 170° to the beam axis to measure the elastic, inelstic and transfer
events. A surface barrier detector was placed at 20° to the beam direction to record
Rutherford scattering events.

In a purely, classical picture in which projectiles incident on a target can only be
elastically scattered or undergo fusion, there is a direct relationship between the fusion
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cross section and the elastic-scattering differential cross sections, since any loss from elastic
channel contributes directly to fusion. As the /=0 transmission coefficient To is releted to
reflection coefficient Ro as To = 1 — RQ, it follows[2] that:

dRo d

Where D*(E) and Del(E) are the barrier distributions derived from fusion and elastic
excitation functions. We have assumed that quasi-elastic scattering consists of sum of all
elastic, inelastic and transfer events.

Fig. la shows the quasi-elastic differential cross section for 12C + 232Th system at #iab
= 170o. The barrier distribution Dqel(E) was obtained from quasi-elastic differential cross
section following the prescription discussed above. Fig. lb shows the Dqel(E) obtained
for 170° telescope along with the D^tI*(E) of Ref.[3] obtained from fission excitation mea-
surement. The prediction of CCFUS with potential parameters consistent with fission
excitation function data[3] is shown as solid line . It is seen that the barrier distributions
obtained from quasi-elastic scattering and fission excitation function measurements are
consistent. Further studies on predictions of fusion spin distribution by both the methods
are in progress. We are extending the measurements to other systems such as B, O and
F on 232Th for a systematic comparision of the barrier distributions obtained from the
fission excitation function data in these systems.

1. N. Mazumdar et a/., Phys. Rev. C 53, R544 (1996).

2. H. Timmers et ai, Nucl. Phys. A 584, 190 (1995).

3. J. C. Mein et ai. Phys. Rev. C 55, R995 (1997).

Dependence of gamma ray multiplicities on the mass and
emission angle of fission fragments in 12C, 16O, 19F+232Th

reactions
D.V.Shetty, R.K.Choudhury, B.K.Nayak, L.M.Pant, D.C.Biswas, A.Saxena,

D.M.Nadkarni, and S.S.Kapoor

Among various degrees of freedom excited in fission process, thermally excited angular
momentum degrees of freedom plays a significant role in the inducement of fission fragment
spin[l,2,3]. Gamma-ray multiplicity measurements are used as an important method for
studying fission fragment spin distributions, and thereby serve as a direct means of study-
ing these thermally excited collective modes. Extensive measurements have been carried
out to study the dependence of gamma ray multiplicities on bombarding energy, fragment
kinetic energy, fragment emission angle and fragment mass in 12C, 16O, 19F+232Th re-
actions, using beams from BARC-TIFR pelletron accelerator[3]. Fission fragments were
detected by a pair of AE detectors placed at 90° and 165° with respect to the beam.
An array of 15 BGO detectors were used to measure the gamma ray multiplicities in
coincidence with the fission fragments emitted at the two angles.
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The average 7-ray multiplicity ((M-,)) is seen to increase smoothly with bombarding
energy for all the three reactions. The value of {M^} for fragments emitted in the 90°
direction are larger than those for fragment emission at 165°, which implies that the tilt-
ing degree of freedom is important in inducing the fragment spins. The angle dependence
in fragment spin gets reduced as the bombarding energy is decreased and at sub-barrier
energies, there is no dependence on the fragment angle of emission. Theoretical calcula-
tions based on the statistical scission model have been carried out to estimate the angle
dependence of fragment spin for the three reactions. It is found that one needs Ko values
smaller than that given by the statistical model, to explain the angle dependence of the
fission fragment spin in these reactions.

Measurements on fragment mass dependence of gamma multiplicity was also carried
out for the three reactions by detecting the complementary fragments in both perpen-
dicular and forward directions. Preliminary analysis of the data show that in 12C+232Th
reaction, the 7-multiplicity is nearly independent of fragment mass, which is a characteris-
tic feature for full equilibriation of the spin degrees of freedom[4]. However, in 16O+232Th
and 19F+232Th reactions, there seems to be some mass dependence. For these systems,
(My) values are seen to be lower for more asymmetric fragment division. Further analysis
of the data is in progress.

1. L. G. Moretto and R.P. Schmitt, Phys. Rev. C 21 204 (1980).

2. R. P. Schmitt and A. J. Pacheco, Nucl. Phys. A379, 313 (1982).

3. D. V. Shetty et al., DAE Nucl. Phys. Symp. 39B, 244 (1996)

4. R. P. Schmitt et al, Nucl. Phys. A427, 614 (1984).

Compound nucleus angular momentum distribution studied by
gamma ray multiplicity measurements in 12C, 16O-f-232Th

reactions
D.V.Shetty, R.K.Choudhury, B.K.Nayak, L.M.Pant, D.C.Biswas, A.Saxena,

D.M.Nadkarni, and S.S.Kapoor

Recent studies on fission fragment angular distributions in several heavy ion induced re-
actions have shown anomalously large angular anisotropies compared to the standard
statistical model calculations. More recently, anomalous peak-like structures have been
observed in the angular anisotropy in U B , 12C, l 6O, 19F+232Th systems at the sub-
barrier energies[1,2], One of the interpretations for such behaviour is the possible anoma-
lous broadening of the compound nucleus 1-distribution due to large coupling effects in
the fusion process, while other explanations invoke the onset of new modes of fission
such as quasi-fission and pre-equilibrium fission to account for the enhancement in the
anisotropies. In order to resolve this issue, an investigation into the fusion 1-distribution
at sub-barrier energies in these heavy fissioning systems was carried out using the gamma
ray multiplicity technique for measurements of fission fragment spin distributions^].
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The experiments were carried out at the BARC-TIFR pelletron accelerator by 232Th
target with the 12C(68-84 MeV) and 16O(88-100 MeV) beams. Fission fragments were
detected using a pair of solid state AE detectors positioned at 90° and 165° with respect
to the beam. A gamma ray multiplicity array consisting of 15 BGO detectors was used to
measure gamma ray fold distributions in coincidence with the fission fragments. The ex-
perimental fold distributions yielded the various moments ((A/) and (M2)) of multiplicity
distribution. The fission fragment spin can be related to the gamma ray multiplicity by
where, a is the average number of statistical gamma rays emitted and /? is the average
spin removed by a neutron. A value of a=5 and /?=0.5 was choosen for this conversion.

Fig.l shows the results on the variation of (ST) with bombarding energy for the 12C
and 16O+232Th systems at two fragment detection angles. The data were analysed using
the formalism of Schmitt et ah, to deduce (1)CN v a l u e s which are shown in Fig. 2. The
solid line indicates {1)CN obtained from the coupled channel calculation by fitting the
fission excitation excitation function. The Fig. also shows the values obtained from
fragment anisotropy data of Majumdar et al.[2] as the solid square points. The results
indicate that the compound nucleus angular momentum determined from fragment spin is
in accordance with the CCFUS calculation and there is no anomalous peak-like behaviour
at the sub-barrier energies, as would be expected from the results of fission fragment
angular anisotropies. This may imply that the observed anomalously large fragment
anisotropies result from contributions due to non-equilibrium fission-like events.

1. N. Majumdar et.al, Phys. Rev. Lett. 77, 5027 (1996).

2. N. Majumdar et.al, Phys. Rev. C 53, R544 (1996).

3. D. V. Shetty et ah, DAE Nucl. Phys. Symp. 39B, 126 (1996).
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Mass distribution measurements of 12C+209Bi system at 80 MeV
using a large area position sensitive ionization chamber

L.M.Pant, R.K.Choudhury, D.M.Nadkarni, B.V.Dinesh, B.K.Nayak,
Alok Saxena, and D.C.Biswas

Recently there has been much interest in investigating the fusion-fission dynamics in
heavy ion induced reactions. Mass distributions which are normally decided during the
transition from saddle to scission can reveal vital information about the fission mechanisms
as the target and projectile mass is varied over a wide range.

In the present work we report the measurements of mass and kinetic energy of the
fission fragments in 12C+209Bi at E/a6=80 MeV. A self supporting bismuth target of 400
fig/cm2 was used in the experiment. Energies of the two complementary fission fragments
were measured in a back to back geometry. One of the detectors was a surface barrier
telescope kept at 77° and the other detector was a large area position sensitive ionization
chamber [1] kept at 90° with respect to the beam direction. The chamber was operated
with P10 gas in flow mode at a pressure of 14 mbar. Iterative analysis for each event was
carried out to obtain fission fragment kinetic energies and masses by applying corrections
for energy loss in the target using energy loss tables [2] and 2fxm of polypropylene window
used in the ionization chamber. The center of mass energies of the fragments derived after
the kinematic transformation were corrected for neutron evaporation effects to obtain
preneutron emission masses. Mass dependent energy calibration was used to correct for
the pulse height defect in the surface barrier detector using the parameters given by
Wiessenberger et al. [3].

Similiar studies with various other systems are being extended upto the sub barrier
region using the large area position sensitive ionization chamber. The large solid angle
(angular coverage=±ll°) provided by the chamber would be very useful for measuring
extremely low cross-sections in the sub barrier region.

1. R.K. Choudhury et al. Pramana J. Phys. 44 , 177(1995).

2. L.C. Northcliffe and R.F. Schilling, Nucl. Data Tables A7, 233 (1970)

3. E. Weissenberger, P. Geltenbort, A. Oed, F. Gonnenwein and H. Faust, NIM A248,
506(1986)

Deep inelastic collisions of 28Si-f-28Si,27Al
reactions at 120 and 110 MeV bombarding energy

L.M. Pant, R.K. Choudhury, D.M. Nadkarni, Alok Saxena,
D.C.Biswas, and B.K.Nayak

The systematics of fission followed by fusion in the mass region 40< A cw<80 have
been well established [1], and it is interesting to explore how this process competes with
other mechanisms that result in binary yields. In heavy ion reactions, at energies around
the Coulomb barrier, fusion is the predominent reaction channel. However at higher en-
ergies other channels such as deep inelastic reactions also begin to become important.
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Recent studies have also shown that in light medium 4n nuclei, compound nuclear reso-
nance states at high excitation energies corresponding to deformed local minima in the
potential energy might influence the fusion-fission modes [2]. In the 28Si-f-28Si reaction,
one expects such a resonance at E*=65 MeV, corresponding to a bombarding energy of
110 MeV. In the present experiment we have measured the yields, energy and angular
distribution of various reaction products in 28Si+28Si at 110 and 120 MeV and 28Si+27Al
at 110 MeV for a comparative study in various systems at different energies.
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Figure 1: Average kinetic en-
ergy in the center of mass sys-
tem versus the product charge for
^Si+^Al reaction. Dashed line
shows the coulomb energy of two
touching spheres at the point of
separation.

Figure 2: Integrated yield for var-
ious products as a function of the
number of nucleons transferred to
the target nuclei for both the sys-
tems at different energies. Yields
are normalised with respect to
carbon.

The experiment was carried out using the 28Si beam from the 14 UD BARC-TIFR
pelletron accelerator facility at Mumbai. A self supporting 28Si target of 1.16 mg/cm2

and a self supporting 27A1 target of 400 fig/cm2 were used and the reaction products were
measured using a silicon surface barrier detector telescope consisting of 17 /x and 1mm
detectors. Measurements were made from 20° to 45° in steps of 5°. A monitor detector
was mounted at 20° for normalisation purpose. The energy calibration of the detectors
was done by measuring the elastically scattered events in the 28Si-f 28Si, 27A1 reactions at
different energies. Energy loss of the beam and the ejected particles in the target foil were
taken into account while analysing the data. The energy spectra for various Z fragments
were seen to be broad and gaussian like, suggestive of a fully relaxed reaction mechanism
such as a deep inelastic or fission process giving rise to such events. The energy spectra for
the ^Si+^Si reaction could not be accurately determined due to large target thickness.

Fig. 1 shows the average kinetic energy in the center of mass system with the product
charge for MSi+27Al reaction. Dashed line in the figure shows the Coulomb energy of two
touching spheres at the point of separation. The center to center distance (R=Ri + R?)
[3], on an average, for different charge pairs is 6.61 fm. The observed kinetic energies
are much smaller than those calculated from the touching spheres configuration. The
average kinetic energies are well reproduced using a value of 8.77 fm for R, which would
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correspond to a deformed shape of interacting nuclei. A similiar effect was also observed
in the 32S+27A1 reaction at 130 Mev [4].

Fig. 2 shows the integrated yield for various Z products as a function of the number of
nucleons transferred to the target nuclei (A N) for both the systems at different energies.
The yields are normalised with respect to carbon. We find that the yields for even AN
are enhanced as compared to the yields from odd AN. The yields in the 28Si+28Si reac-
tion at two different energies also show similiar trend for most of the reaction channels.
Further detail experiments would be neccessary to look for possible correlations of these
results with compound nuclear resonances in these reactions. To look for such effects an
experiment was done to understand the 28Si+28Si reaction with 28Si beam at 125, 120,
115 and 110 MeV employing a silicon surface barrier detector telescope and a large area
position sensitive ionization chamber [4] to detect the coincident events. The ionization
chamber was operated with P10 gas at a pressure of 40 mbar and kept at a fixed mean
angle of 54° (angular coverage = ±11°). Angular distribution of the coincident events was
measured by moving the surface barrier telescope from 15" to 30° in steps of 5°. Analysis
of this data is currently in progress.

1. S.J.Sanders, Phys. Rev. C 44, 2676 (1991).

2. G.Royer, J. Phys. G: Nucl. Part. Phys. 21 (1995) 249-258.

3. W.D. Mayers and W.J. Swiatecki, Ann. Phys. 84, 160 (1974).

4. R.K. Choudhary et al. Pramana J. Phys. 44, 177(1995).

Proton and alpha evaporation from 1125n Compound Nucleus
Bency John, B. S. Tomar*, A. Goswami*, G. K. Gubbi*, S. B. Manohar", and

S. K. Kataria
• Radio Chemistry Division, BARC

The interpretation of charged particle evaporation spectra and angular distribution re-
quires a careful treatment of light particle evaporation properties in the statistical model
description. The most probable energy of emission is indicative of evaporation barrier.
The sub-barrier portion of the spectra is strongly influenced by barrier transmission
coefficientTj. These low energy particles are also sensitive to the yrast region of the
(E*,J) plane. The part of the spectra at well above barrier energies is insensitive to T)
but is very sensitive to spin dependent level density of the emitting nuclei. The basic
theoretical treatment of statistical model is capable of predicting the angular distribution
of the emitted particles. The angular anisotropy - emission energy correlations, therefore,
are sensitive to these parameters. A complete understanding of these parameters has not
yet emerged inspite of best efforts. This is particularly true for the case of heavy ion
reactions where high excitation energy and high spin states are populated. The com-
plexity of the underlying physical processes increases if large deformations are present
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in the emitting nuclei and/or large number of particles are evaporated. By limiting to
spherical systems, one can hope to investigate evaporation process avoiding some com-
plexity. Even for such systems, the choice of model parameters are uncertain. Present
work focusses on experimentally derived value of inverse level density parameter K — I/a,
and angular anisotropies of proton and alpha evaporation from compound system n2Sn
which is a spherical system. The compound nuclei were populated in the reaction 73, 95
MeV 19F +9 3 Nb. To complete investigations, we have measured the elastic scattering of
above system and the data were analysed using optical model in order to determine the
distribution of transmission coefficients in the incident channels. Well calibrated surface
barrier detectors were used for the measurements.

The extracted value of inverse level density parameter K by fitting the proton and
alpha spectra using PACE2 predictions are plotted in figure 1 as a function of excitation
energy of the emitting nuclei. Value of K for the same mass region reported in refs. [1] and
[2] are also shown in Fig. 1. As seen from the figure the K values are in two groups, higher
values for alphas and lower values for protons. Only in the excitation energy region above
300 MeV, they are within the error bars. The initial increase of K as excitation energy
is increased is in accordance with the phenomenological model developed by Shlomo and
Natowitz [3]. However the subsequent decrease after reaching a maximum and the particle
type dependence is not predicted by the above model.
We studied the anisotropy emission energy correlation in the following way. Double
differential cross sections at a specified value of Ecm, cPcr/dEdrt\E=Ecm , was obtained as
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a function of 9CTn. Experimental angular distribution W{9)\E=Ecm thus obtained was fitted
to the expression W{0) = a+bcos26 and values of anisotropy W(\8QO)/W(9QO)\E-Ecm were
determined. Fig 2 shows the anisotropies as a function of Ec.m.. Qualitative features of the
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Figure 2: Angular aniotropy vs ejectile energy

alpha anisotropies are the following. Anisotropies are highest at the highest Ecm of alpha
particles. As Ecm is decreased, anisotropy falls. The falling trend halts when the barrier
energy is reached. As Ecm is decreased further to sub-barrier energies, anisotropy increases
first and then decreases thus forming a peak like structure. The peak like structure is
more prominent for 95 MeV data than for 73 MeV data. Absolute magnitudes are also
higher for 95 MeV data compared to 73 MeV data. For protons anisotropy is nearly
unity at highest energies. As energy is decreased past the proton evaporation barrier, a
peaking behaviour, though not as prominent as in the alpha case, can be observed for 95
MeV data. For 73 MeV protons anisotropy is nearly unity througout the energy range.
The peaking behaviour in the subbarrier energy region is a new experimental observation
which merits further study.

1. A. Chibihi et. al. , Phys. Rev. C43 , 666, (1991).

2. J. Gomez del Campo et al., Phys. Rev. C53, 222, (1996).

3. N. G. Nicolis et al., Phys. Rev. C41, 2118, (1990).
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Alpha particle emission in 37C1 + 59 Co and 10B+ 89 Y Reactions

Bency John, K.Kumar, S.K.Kataria, A.Saxena, L.M.Pant, and R. K. Choudhury

Comparative study of alpha particle evaporation spectra from similar compound nuclei
with same excitation energy but formed by widely different projectiles provides an oppor-
tunity to examine the formation stage effects and angular momentum induced deformation
effects on alpha emission. In case the formation time of a nearly symmetric projectile-
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Figure 1: Energy spectra of alpha particles in 10B 4- 89Y
reaction.

target system is large, the charged particle spectra emitted during this stage will carry
its signatures like lower energies due to reduced coulomb barrier and higher multiplicity.
Several experimental studies on alpha spectra from fusion reactions, however, emphasised
on the need for lowering the evaporation barriers relative to respective absorption barri-
ers[l]. Many have identified deformation induced by angular momentum, as the origin of
such loweringfl]. We have measured evaporated a- particle spectra in the fusion reactions
120 MeV 37C1 + 59 Co and 55 MeV 10B+ 89 leading to similar compound nuclei ^Ru and
" R u with excitation energies 65.8 MeV and 61.4 MeV respectively but different angular
momenta {lgraze= 38fi and 28ft ) in order to look for above mentioned effects .

The experiment was performed at BARC-TIFR pelletron accelerator facility at Bom-
bay. Well calibrated E+A2? (17/i m+ lmm) silicon telescope was used for the mea-
surement. Self supporting targets of cobalt (thickness= 400 figms/cm2) and yttrium
(thickness=lm<7/cm2 ) were placed at the center of the scattering chamber. The spectra
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measured at various laboratory angles from 70° to 150° were transformed to centre of
mass system.

The fig 1 and 2 show cm. a spectra measured at lab angles 90° and 100° for 37Cl+59Co
and 10B+89Y systems respectively. The statistical model predictions using PACE2 (dot-
ted lines, normalized) are in good agreement with the data for the former system. For
the later system experimental spectra seems to be softer. Average energy of a particles
from 37Cl +5 9 Co system is higher than 10B +89 Y system by 0.5 MeV. This exess can
be accounted as rotational energy transfered to translational energy of a particles. The
contribution of a-emission during formation stage may be negligible at these energies.

1. D.K.Agnihotri et al, Phys. Lett. B307, 283(1993) and ref. there in.
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Angular momentum distribution in subbarrier fusion of 12C
with 89Y.

Bency John, B.S. Tornar", A. Goswami", S.B. Manohar*,
B. Bindukumar+, S. Mukherjee+

* Radio Chemistry Division, BARC. + Vikram University, Ujjain

The observation of enhanced cross section in subbarrier region has aroused considerable
interest in the study of heavy ion reactions at subbarrier energies. This enhancement is
attributed to the coupling of other degrees of freedom to the relative motion degree of
freedomfl]. Measurement of angular momenta in subbarrier fusion provides important in-
formation complementary to that obtained from fusion cross section measurements. The
angular momentum distribution of compound nucleus can be obtained by measurement
of (i) gamma ray multiplicity, (ii) fission fragment angular distributions, and (iii) isomeric
cross section ratio of evaporation residues [2].
In the present work we report on measurement of angular momentum distribution of the
CN (101Rh) formed in fusion of 12C with 89Y at subbarrier energies. The experiments
were carried out at BARC-TIFR pelletron facility. Self supporting yttrium metal foils
having thickness 2 mg/cm2 backed by 2 rag/cm2 thick aluminium foil were bombarded
with 12C beams of energy between 26 and 44 MeV. After the bombardment the target and
catcher foil were counted together for the gamma activity of evaporation residues,"Rhm

and "Rhf l, the high and low spin isomers. The cross sections for the two isomers were ob-
tained using the known target thickness, beam intensity, detection efficiency and gamma
ray intensity. From the isomeric cross section ratio the angular momentum distribution
of the CN was deduced using the statistical model code GROGI23. The initial angular
momentum distribution was assumed as
at = TTA2(2/ + 1)7} where
7} = 1/[1 + exp(l -

The width A/ of the distribution was kept fixed and /o was kept variable. The level
density was obtained using the analytical expression of Lang which involves the level
density parameter (a), spin parameter (c) and a normalisation constant. Level density
parameter a was taken as A/SMeV'1 while for c the rigid body moment of inertia was
used as ch2 = < m2 > gh2 = 0.0165/l^5/'3^/i2 The radiative width for dipole gamma transi-
tions was taken from slow neutron capture data on 103Rh, while the same for quadrupole
gamma rays was taken as 100 times more than the single particle estimates. The yrast
line population of the residual nucleus "Rh was apportioned into the yield of 9/2+ and
1/2+ states corresponding to "Rh m and "Rh 5 respectively assuming a sharp cut off ap-
proximation for spin fractionation. Figure-1 shows the isomeric cross section ratios as well
as the corresponding average angular momenta < I > plotted against ECM- The < I >
values decrease with decreasing ECM a n d remain constant below Coulomb barrier. The
constancy of < / > below Coulomb barrier can be explained in terms of the very small
contribution of the centrifugal potential to the total barrier. This implies a finite angular
momentum at ECM even far below the barrier.

1. R.Vandenbosch Ann. Rev. Nucl. Part. Sci.,42, 447 (1992).
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Figure 1: Isomeric cross section ratios and average an-
gular momenta vs

2. D.G.Di Gregorio et al. Phys. Rev. C42 , 2108 (1990).

3. J.R.Grover and J.Gilat Phys. Rev. 157, 802 (1967).

rj production studies in pd -> zHe rj using intermediate energy facility
COSY at Juelich, Germany

B.J. Roy and M.G. Betigeri

In collaboration with Institute of Kernphysics, Forschungszentrum, Juelich, Germany an
experiment on the reaction pd ->• 3He T) at Ep = 1.0 GeV using Cooler Synchotron (COSY)
accelerator at Juelich has been carried out. The aim of the experiment was to understand
the underlying reaction mechanism. The study of r) production has recently gained great
attraction[l]. In contrast to the 7r-nucleon interaction, the 77-nucleon interaction is strong
and attractive at low energies. This is linked to the N* (1535) Sn resonance and has
a large branching ratio in the 77-N channel (30-55 % ). Due to this strong attractive
final state interaction, the cross section for rj production is expected to be enhanced.
The 77 meson according to the SU(3) model differ from the closely related TT° by having
an ss component in their wave function that may add to their usefulness as a probe of
meson-baryon interactions.

Proton beam of energy LOGeV was bombarded on deuteron target. The target was
in the form of liquid D2 in a mylar cell of diameter 6 mm and thickness 4 mm. 3He
particles were detected by the detector GEM. GEM is a hybrid detector consisting of
magnetic spectrograph and Germanium wall with high energy and spatial resolution[2].
For the reaction close to threshold the outgoing 3He particles are focussed in the forward
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direction and hence the detector has a full 4ir acceptance. The Germanium wall consists of
3 annular shaped position sensitive detectors made of HPGe which acts as a AE-E detector
for particle identification. The inner hole of the detector is equivalent to the spectrometer
acceptance and large enough for the incident particles to pass through. At the focal plane
of the Spectrograph two stacks of multi wire drift chambers (MWDC) and four layers of
scintillator hodoscopes were placed. 3He tracks were determined by the MWDC while the
TOF information from the hodoscopes were used to subtract background events. In order
to suppress beam halo events an annular plastic scintiliator with a 3mm diameter inner
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hole was used in front of the target cell.
A two dimensional( AE vs E) plot of the reaction products obtained during experiment

is shown in fig.l and shows a clear identification of 3He particles. A prelimenary analysis
of the data has been carried out and a missing mass spectrum has been generated by
putting a gate on 3He channel (fig.2). A peak at the expected mass of the r\ meson is
seen. The detailed analysis is in progress.

1. Proc. Sixth Int. Symp. on Meson Nucleon Physics and the structure of the Nucleon,
Blaubeuren 1995, TTN Newsletter 10(1995) 11.

2. H.Machner; Phys. of Atomic Nuclei, 59 (1996) 1606.

Study of the reaction (12C, 9Be) On 56Fe
H.S.Patel, B.Srinivasan, B.J.Roy, M.G. Betigeri

H.C.Jain* and M.L.Jhingan*,

• T.I.F.R. Colaba,Mumbai .

Heavy ion induced one - nucleon transfer reaction have in most cases been under-
stood in terms of a one step direct transfer of a single nucleon within the framework of
finite range, full recoil DWBA model. Whether the two - nucleon transfer ( transfer of a
pair of protons/a pair of neutrons ) can be explained in terms of sequential transfer of the
proton/neutron pairs, is an open question. Our earlier studies on multi nucleon transfer
reactions in l2C + ^Sr system [1] has indicated that the reaction mechanism for two
nucleon transfer for the reaction studied indeed seems to support the idea of sequential
transfer. However, the cross-section for three - nucleon transfer reaction (12C,9 Be), in-
volving transfer of3 / /e nucleus is enhanced significantly over and above what is predicted
in terms of sequential transfer of three nucleons.In order to understand the effect of shell
closure we carried out the investigation on 12C 4- 56Fe system, where the two proton and
3He transfer will lead to a residual nucleus with closed proton shells.

Self supporting natural Fe (56Fe abundance « 91.72%) target of thickness « 250^g/cm2

was bombarded with 12C^5+^ ions at Eub = 60 MeV, obtained from the 14UD Pelletron
Accelerator at TIFR, Mumbai. Three Silicon surface barrier detector telescopes (30^ AE
followed by 300/i E detectors), mounted inside the 1 m diameter scattering chamber were
used to determine the charge mass and energy of the projectile like reaction products.
Clear charge and mass separation enabled us to study the individual transfer channels.
The AE and E signals were added after suitable gain matching to improve upon the
energy resolution, energy resolution (FWHM) of 250 keV was obtained. The incident
energy of 60 MeV was chosen after excitation function studies at 60, 68, 77 and 87.5 MeV
in order to select the proper QoPt so that the ground state transitions are populated.
Measurements were done in the angular range of 12.5° to 37.5° at the interval of 2.5°.
Clear transition to some of the discrete low lying excited states in 59Ni residual nucleus
can be identified albeit the low cross-section. A typical spectrum is shown in fig 1.
The transition identified are marked in the figure. Analysis of angular distribution is in
progress.
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1. B.J.Royet al., Nucl. Phys. A588 (1995) 706.

Systematic Study of Sub-Barrier Fusion for 12C + Pt isotopes
A. Shrivastava, A. Chatterjee, A. Navin, A.M. Samant P. Singh

B.S. Tomar* and S. Kailas
* Radiochemistry Division

In order to investigate the relative importance of two different mechanisms namely col-
lective degrees of freedom and the neutron flow [1] leading to neck formation between
the colliding nuclei in influencing the near-barrier fusion enhancement, a programme of
systematic measurement of fusion cross-sections for 12C+Pt(isotopes) has been taken up.
The use of Pt isotopes (192Pt to 198Pt) in which the deformation and neutron separation
energy values decrease with increasing neutron number presents a favourable situation for
comparing the two mechanisms. Coupling to various degrees of freedom like rotational,
vibrational, neck formation etc. to entrance channel leads to distribution of barrier D(B),
extending from above to below the uncoupled fusion barrier. This distribution (D(B)) is
the fingerprint of the reactions characterising the important channel coupling. It has been
shown that this D(B) can be obtained experimentally both from fusion [2] as well as from
quasi-elastic [3] (Q.E., i.e. the sum of elastic, inelastic and transfer events) scattering
excitation function.

Measurements for evaporation residue cross-section (<JE.R), and fission cross-section
(*/.».) for 12C beam (56 MeV to 75 MeV) interacting with 192Pt(57% enriched), 194Pt (97
% enriched) targets ( lmg/cm2 thick) and for Q.E. scattering with 194Pt target have been
made [4,5]. The oju, is obtained by adding <TE.R. to arju,. The <XE.H. is measured em-
ploying a HPGe detector and using off-line 7 counting. The ay,SJ and the Q.E. scattering
measurements have been made using three surface barrier telescopes.
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The fusion excitation function for 12C + 192Pt, 194Pt systems are plotted in Fig. 1. The
theoretical calculations made using the coupled channels code CCFUS (with vibrational
couplings to 2+ and 3~ states for both target and projectile) and results from Stelson
model analysis of the data (parameters - mean barrier(B), barrier radius(R{,) and threshold
barrier(T)) are also shown in Fig.l. The barrier distribution from fusion measurements
( D(B) = (TT R2)"1 d2(E cr/u,)/dE2) and from Q.E. scattering measurements ( D(B) =
dR/dE, R=d<7Qj5/d(TRUth) derived following the methods discussed in [2,3] are shown in
Fig. 2. The barrier distribution obtained from Q.E. excitation function is consistent with
that obtained from fusion excitation function. The data presented in this way ((D(B))
reflect relative importance of different channel couplings more distinctly than the smooth
excitation functions from which they are derived. The D(B) obtained from fusion data
is more reliable at sub-barrier energies due to exponential rise of <jjus with energy, the
ones derived from <TQ.E. is more accurate at above barrier energies due to steep fall in
0Q.E. with energy. Hence by combining these two methods, a reliable estimation of D(B)
can be obtained over the entire energy range. The D(B) obtained theoretically from the
coupled channels code CCFUS by introducing vibrational coupling of 2+ and 3~ states of
both target and projectile describes the experimental data adequately (Fig. 2).

Further measurements using the heaviest isotope of Platinum (198Pt) will be made to
complete this study.

1. C.H. Dasso, S. Landowne and A. Winther, Nucl. Phys. A405 (1983) 221, P.H.
Stelson, Phys. Lett. B305 (1988)190.

2. N. Rowley, G.R. Satchler and P.H. Stelson, Phys. Lett. B254 (1991) 25.

3. H. Timmers, J.R. Leigh, M. Dasgupta, D.J. Hinde, R.C. Lemmon, J.C. Mein, C.R.
Morton, J.O. Newton, and N. Rowley, Nucl. Phys. A584 (1995) 190.

4. A. Shrivastava, A. Chatterjee, A. Navin, P. Singh, A. Karnik, B. S Tomar, S. B.
Manohar and S. Kailas, International nucl. Phys. Symp., B75 (1995).

5. A. Shrivastava, A. Chatterjee, A. Navin, P. Singh, A. Karnik, B. S Tomar, S. B.
Manohar and S. Kailas, DAE Symp. on Nucl. Phys.(India) 39B (1996) 122.

Fission Fragment Anisotropies for Spherical Systems
A.M. Samant, S. Kailas, A. Chatterjee, A. Shrivastava,

A. Navin and P. Singh

This work is a continuation of the program [1] to study the behaviour of fission frag-
ment anisotropies in 19F + 209Bi system over a range of energies from sub-barrier to well
above the barrier.

The entrance channel mass asymmetry for this system is less then the Businaro-Gallone
critical value. Hence, it is expected that contribution from the pre-equilibrium fission
should be present in addition to compound nucleus fission. However, another condition
for pre-equilibrium fission to occur, is that the nuclear saddle point temperature should
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Figure 1: Fission fragment anisotropies for
the system 19F + 209Bi as a function of
Ec.m./^B- The SSPSM calculations including
pre-scission neutron emission (dashed line)
and pre-saddle neutron emission (solid line)
are also shown.

be comparable to the fission barrier height [2]. In present case of 19F + 209Bi system, the
fission barrier at lower bombarding energies is large ( ~ 4-5 MeV) as compared to the
nuclear temperature (~ 1-1.5 MeV). Therefore, the contribution from the pre-equilibrium
fission can be expected to be negligible and hence anisotropies measured should agree
with the SSPSM predictions. To verify this prediction, systematic measurements of fission
fragment angular distributions were made in the energy range 0.9 < Ec.mJVB < 1.2. It
was found that the experimental anisotropy data could be well explained on the basis of
the standard statistical saddle point model in agreement with the expectations.

A well collimated 19F beam was bombarded on a self-supporting 2O9Bi target of thick-
ness ~250 /ig/cm2. The FF angular distributions were measured between the angular
range of 80° to 170°. The experimental results of FF anisotropy measurements are shown
in Fig. 1 in comparison with the standard saddle point statistical model (SSPSM). The
FF anisotropy data are in good agreement with the SSPSM calculation. According to
the pre-equilibrium model [1], the variance of K distribution is a\ = Pcrj, with crj =
0.06. Calculations are made for anisotropies resulting from pre-equlibrium process. It is
found that the present anisotropy data can be explained with 10-15% contribution from
pre-equilibrium mechanism and the rest arising from compound nuclear fission.

1. A.Karnik et al, Biannual Report, Nuclear Physics Division (1993-95).

2. Ramamurthy V.S. and Kapoor S.S., Phys. Rev. Lett. 54 (1985) 25.
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Fission fragment angular distributions at near-barrier
Energies in n B , 12C, 14N + 209Bi reactions

G.V. Ravi Prasad1, A.M. Samant, A. Shrivastava, A. Navin, A. Chatterjee,
P. Singh, S. Kailas, V.S. Ramamurthy2

1 Institute of Physics, Bhubaneswar
2 Department of Science and Technology, New Delhi

From a number of recent measurements of fission fragment angular distributions at
sub-barrier energies, it has been observed that the fission anisotropies are significantly
larger than the saddle-point model predictions for the deformed 232Th, 238U and 237Np
targets[l,2]. This feature is observed to be independent of the entrance channel mass-
asymmetry. While this puzzling feature is exhibited by the above mentioned deformed
targets, some of the fission data measured for the spherical targets like Bi and Pb can
be satisfactorily explained using the standard saddle-point statistical model with mod-
erate correction for pre-fission neutron emission[2]. In order to investigate whether this
anomalous behaviour is limited to only deformed targets and also to understand the role
of the entrance channel in influencing the anisotropies, the fission fragment angular dis-
tributions have been measured for U B , 12C and 14N + 209Bi systems using both gas and
silicon detectors,spanning a range of energies from above to below the fusion barrier.

2.0

A '•

Figure 1: Experimental fission Figure 2: Same as Fig.l for the
fragment anisotropy as a func- systems 12C and 14N + 209Bi.
tion E\a\, for the system n B +
209Bi. The statistical saddle point
calculations are represented as-
suming first chance fission (solid
line) and taking into account
pre-scis8ion neutron evaporation
(dashed line).

The fission data have been analysed using the statistical saddle-point model. The com-
petition between neutron emission and fission decay has been calculated using PACE2.
Corrections for pre-fission neutrons have been applied for obtaining the temperature at
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the saddle point. It is observed that the data over the entire range can be adequately
explained by the above analysis as shown in Figs.[l] and [2]. Combining this result with
the ones obtained earlier for 1 60 and 19F + 209Bi systems, it may be concluded that the
spherical systems mentioned above exhibit "normal" values of anisotropies, irrespective
of the entrance channel.

1. A. M. Samant and S. Kailas, Z.Phys. A356 (1996) 309.

2. S. Kailas Phys.Rept. 1996 (in press)

Elastic scattering of 1011B from 209Bi
A. Shrivastava, S. Kailas, P. Singh, A. Chatterjee, A. Navin,

V. Ramdev Raj*, B. Krishnarajulu*, C. Nageswara Rao* ,S. Mandal*,
S.K. Datta', T. Madhusoodhanan*, M.K. Sharan*, D.K. Awasthi*

*P. G. College of Science, Osmania University, Hyderabad .
* Dept. of Physics, Kalyani University, Kalyani.

* Nuclear Science Centre, New Delhi

In order to investigate the threshold anomaly in the system n B -f 209Bi, systematic elastic
scattering measurements have been carried out for bombarding energies lying between 49.8
and 84.1 MeV. Detailed optical model analysis of the data has been performed. A weak
energy dependence of the real part of the optical potential near the barrier is observed.
To understand this feature in terms of couplings between the entrance channel and the
non-elastic channels, the required data for the important inelastic and transfer channels
have been measured at a few selected energies like 51.5, 56, 60 and 74.5 MeV. From
a preliminary analysis of the above data, both the real and the imaginary parts of the
optical model have been determined. It is found that these values are consistent with the
earlier results, confirming the observation of a relatively weak energy dependence of the
real part of the optical potential. The analysis of non-elastic channels in underway.

Structural differences between neighbouring projectiles/targets are seen to influence
the reaction mechanism of the projectile(s) and the target(s). To investigate changes
in the elastic, direct and fusion channels, arising due to differences in the ground state
properties of 10B and n B projectiles (J* = 3+, 3/2", Qo = 8.5 fm2, 4.1 fm2), elastic and
quasi-elastic data for the 10B + 209 Bi system have also been measured at 83.9 and 79.9
MeV at the Delhi Pelletron [1]. A comparison of the data at 84 MeV for the non elastic
channel indicates that the angular distributions for the Be channels in both cases are
similar. The 1-neutron pickup channel is more pronounced for the 10B case, as expected
in view of its positive Q-value.

1. S. Kailas et al. DAE Symp. on Nucl. Phys. 39B (1996) 168.
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Fission cross sections and anisotropies for 19F -f- 175Lu
A. Chatterjee, A. Shrivastava, S. Kailas, A. Navin, P. Singh,

S.K. Datta*, T. Madhusoodhanan*, S. Mandal' and M.K. Sharan*
*NSC,New Delhi

From studies of heavy ion induced fission, it is well established that the influence
of nuclear friction leads to the dramatic effect of a time delay of 10-50 zs (lzs = 10~21

s) in the fission process. Time scales in heavy ion induced fission have been deduced
from the multiplicities of pre-scission neutrons, upre [1,2,3] protons and a particles, 7rpre

and otpre [4,5], and electric dipole 7-rays, 7pre [6]. Analysis of vpre data leads to the
conclusion that the time of fission, t/,-M is much longer than that predicted by the standard
statistical model (without friction) implying that dynamics of the fission process involves
overdamped motion. This is supported by transport models which describe the time
evolution of the fission process, taking into account the dissipative effect of friction [7],

While the total fission time scales, t/,-M are well determined from measurements of pre-
scission neutron, proton and alpha multiplicities, separation of tji3s into pre-saddle, t<f and
saddle-to-scission, t,4C components is not straight forward. The measurement of fission
probabilities, P/ provides further information on fission time scale. The effect of fission
delay results in a reduction of P/ and an enhancement of the residue (ER) cross section.
The reduction in P/ is quite small and hence accurate measurements are required in order
to see any effect of the fission delay. Moreover fission probabilities can perhaps be fitted
by adjusting the statistical model parameters (level density parameters, a,aj/an and the
fission barrier height B/) without introducing fission delay. In spite of these difficulties
the present work makes an attempt to obtain fission time scales from Pj measurements.
This is considered worthwhile since fission probabilities are sensitive to only t^ and not
t/*»»- This is because once the saddle point is reached the system is committed to fission.

We have measured the fission cross sections for 19F+175Lu over a broad range of
energies available at Bombay and Delhi Pelletrons. The data at low energies, upto about
105 MeV are insensitive to t<f and can be used to fix the statistical model parameters,
while those at higher energies are useful to estimate t<*.

The measurements were carried out using 19F beams at Bombay (98, 103 and 108
MeV) and at Delhi (116, 125 and 139 MeV). Targets were natural Lu prepared by rolling
(1.2 mg/cm2). Two surface barrier telescopes with AE detectors of thicknesses 10 and
17 /i and E etectors of 300 fi were used to measure fission angular distributions over the
laboratory angular range 75O-169°. Angular distributions were fitted and integrated to
obtain the fission cross sections[9]. The results are summarised in the table.
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(MeV) (Tjus(mb) Anisotropy Reference
98
103
108
116
125
135
139
184

70 ± 2
147 ±4
282 ± 6
333 ±13
524 ± 8
780 ± 8
834 ±33
1066 ± 8

4.1
5.1
5.1
7.4
7.9

5.9

±
±
±
±
±

±

0.1
0.1
0.1
0.3
0.1

0.2

Present work
Present work
Present work
Present work
Present work

Ref [8]
Present work

Ref [8]
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Multi-nucleon Transfer or Transfer followed by evaporation ?
A. Navin, Y.K. Agarwal*, C.V.K. Babaf, D.R. Chakrabarty, A. Chatterjee,V.M. Datar,

S. Kailas, A.M. Samant, A. Shrivastava and Suresh Kumar
* Tata Institute of Fundamental Research, Bombay

Studies of heavy-ion transfer reactions at energies around the Coulomb barrier lead to
a better understanding of direct reaction mechanisms and fusion phenomena.

From the experimental observables like angular distributions and Q-value spectra (usu-
ally) of the light ejectiles in a transfer reaction , quantities such as the distance dependence
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of the transfer probabilities, the total excitation energy of the system are derived. The
understanding of the partitioning of the excitation energy could throw more light on the
transfer of clusters like 3He and 2H. Experimentally the transfer probabilities for the lpln,
Ip2n or 2pn, 2p2n channels are found to be relatively larger than what one would expect
from sequential transfer probabilities. An alpha particle transfer is a special case (be-
cause of its strong binding), equivalent to a one nucleon transfer and hence has a large
probability. If for example, one could experimentally demonstrate that the light ejectile is
being excited above the particle threshold then, this cluster transfer is a process where a
nucleon(s) transfer is followed by a nucleon(s) evaporation. It is not apriori obvious how
the excitation energy is shared and to use, an equal temperature hypothesis may not be
right as the time scale involved in a direct process would not allow for equilibration.

With the above motivation a preliminary experimental investigation to identify and
quantify such events was made at the Pelletron Accelerator Facility at Mumbai. The
system studied was 16O+165Ho at 92 MeV. Two surface barrier telescopes (~30/x-300^),
placed symmetrically about the beam at ± 60°, in a small vacuum chamber, were used
to detect the light ejectiles. The 7-ray energies and fold distributions were measured
using an array consisting of two sets of seven hexagonal Nal detectors (2" x 4") in a
close packed geometry (total efficiency of 65 percent) placed symmetrically above and
below the chamber, followed by a beam dump 2 meters away. E and T signals of each
of the Nal's and the energy signals of the surface barrier detectors were recorded in a
list mode. By putting mass gates on the various transfer groups the coincident chance
corrected 7-rays spectra were extracted. We intended to look for 7-rays mainly arising
from the light ejectiles since the detector resolution would be insufficient for 7-rays from
target like ejectiles. For a given mass gate, for example, with the 14N ejectile gate (lpln
channel), if it were a transfer event followed by evaporation one looks for coincident l5N
7 rays. Insufficient statistics in the relevant region of the Q-spectra did not allow definite
conclusions to be drawn from the present data.

As mentioned earlier, the channel(s) of interest can be populated either by a direct
cluster transfer, due to couplings between the various channels or nucleon transfer followed
by nucleon evaporation. For a complete understanding of the various processes discussed
above, a semiclassical coupled channels calculation is also being attempted.

Semiclassical Calculations for Direct Reactions
C.V.K. Babaf and A.Navin

t Tata Institute of Fundamental Research, Bombay

The utility of semiclassical concepts in the description of complicated process is that
they lead to simple physical pictures or models or make calculations simpler. From very
simple considerations one can understand, for example, oscillations in elastic and inelastic
angular distributions, the gross Q-value spectra and probabilities of various transfer chan-
nels. In semiclassical calculations, classical/complex trajectories (defined by the inter nu-
clear potential) are used to describe the relative motion whereas the transition amplitudes
are treated quantum mechanically. We have undertaken a study of heavy-ion induced di-
rect reactions using the semiclassical formalism (various levels of approximations) with
the aim of having a more intutive understanding of the direct reaction mechanism and
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to calculate within a coupled channel semiclassical framework the direct reaction cross-
sections. This work is based mainly on the work by Broglia and Winther [1] and Knoll
and Schaeffer [2].

1.5 -

1 ' °
X 0.5 -

<2 o.o -

-0.5

-1.0

_ 1 t:

10

1

: 79.6*
• O

a

^ ' 0 O o
4 £ °

: o 7».e*

• . . • . i , . ,

—I r~

" B +

o

• 1 • . • . 1

8 o e p b

-

o -

I 1 1

15 20 25

REAL r n (fm)

Figure 1:

Semiclassical calculations for elastic scattering have been obtained from the partial
wave sum using approximations at various levels (i) the real part of the WKB phase shifts
are obtained using only the real classical deflection function (obtained from only the real
part of the optical potential) and treating the effect of the imaginary part of the potential
as an attentuation of the flux. The real trajectories provide a good approximation to the
quantal wave when the potential has no sizable variation within the wavelength A. (ii)the
semi classical (WKB) phase shifts are obtained using complex turning points as a function
of /. (iii) using the complex WKB (within a single reflection approximation) evaluating
the partial wave sum using the saddle point method, the cross-sections are then obtained
using eqn. 1

A 1 / 2

<m sinO d9 J

where the sum over A is for the various contributions (typially two to three) leading to
the same angle 0. This is analogous to calculating the elastic scattering from a classical
deflection function where b was real. The third method is most general and has the
advantage that for a given 0 one is able to localize contributions and get a physical insight
of the process. Having understood elastic scattering semiclassically, treating inelastic and
transfer proceses within a first order perturbation theory the transfer and inelastic cross-
sections can be calculated [1].
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We have instead used a semiclassical coupled channel approach where the probabili-
ties of the various direct reaction channels can be calculated. Combined with the elastic
scattering cross-secions the relevant cross-sections can be obtained. Although the semi-
classical coupled channel formalism has been suggested long back, to our knowledge there
have been no comprehensive calculations using the same. The coupled equation to be
solved for the values of a,.(+00)

dt
= l y ; _ u{s

(2)
where a,, are the time dependent amplitudes of the various channels with the intial

condition ar(-oo)=5ri (the elastic channel) [1]. Calculations (compared with data) have
been made coupling the elastic channel only to inelastic states (including reorientation
couplings) in both projectile and target.

Shown in Fig. 1 are the complex turning points labelled by their angle. The probabili-
ties calculated using the coupled channel approach for the Coulomb and nuclear branches
as a function of theta for the u B+ 2 0 8 Pb system at 72.2 MeV [3] are shown in Fig. 2. In
this case only the 3~ state of Pb was coupled to the elastic channel with no reorientation
couplings. Work is in progress to understand and simplify (if possible) the transfer form
factors to extend these coupled channel calculations to include various transfer channels.
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Semiclassical coupled channel calculations are very powerful tools for a transperent
understanding of direct reactions and might be the only way to compute with relative
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ease the various observables as the number of states which are to be coupled become very
large.

1. R.A. Broglia and A. Winther, Heavy Ion Reactions, Vol. 1, (Addison-Wesley Pub-
lishing Company, 1991).

2. J. F. Knoll and R. Schaeffer, Ann. Phys. (N. Y.) 97 (1976) 307.

3. E. Vigezzi and A. Winther, Ann. Phys. (N. Y.) 192 (1989) 432.

Observation of odd-even eflFect on nuclear level density in A~70
U.K.Pal, D.R.Chakrabarty, V.M.Datar, Suresh Kumar, E.T.Mirgule, and H.H.Oza

The energy dependence of the total nuclear level density (NLD) in neighbouring odd
and even A nuclei over a wide excitation energy has not been measured so far. We have
performed such a measurement for the 69As and 70Ge pair in the Ex region of ~5 to 25
MeV from first step evaporation proton spectra.

0 10 15
EY(MeV)

20 25

Figure 1:

The experiments were performed with 36, 44, 52, and 60 MeV beams of 12C bombard-
ing 0.3 mg/cm2 58Ni target and 36, 40, 45 and 50 MeV 12C beams on 0.5 mg/cm2 59Co
target at the 14UD Bombay Pelletron. Evaporation protons were detected in three 4.4
cm <f> x 3.8 cm Nal(Tl) detectors placed at various angles between 105° and 155° at ~15
cm from the target. Details of measurement (including background subtraction etc.) and
analysis procedure are similar to that explained in Ref.[l].
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The derived centre of mass spectra for 36 MeV beam energy in the case of 58Ni target,
showed angular anisotropy. This is reasonably consistent with a statistical model calcu-
lation [2] for the first step proton evaporation. However, for the extraction of NLD we
have used the 125° data since it represents the angle integrated spectrum to within 2%.
For other cases the anisotropy effect is seen to be small (<20%) and the spectra from all
angles were added.

The extracted energy variation of total NLDs (averaged over 0.5 MeV) for 70Ge and
69As are shown in Fig.l. The ratio of the total NLDs for the two nuclei normalised to 1
at 24 MeV is shown in Fig.2. This ratio is constant within ±10% down to ~12 MeV. The
discontinuities in the plot arise due to the inaccuracy involved in piecewise matching of
extracted NLD from the data at four beam energies. The odd-even effect is clearly brought
out for Ex below ~ 12 MeV. To our knowledge this is the first direct demonstration of
the odd-even effect upto this excitation energy.

1. D.R.Chakrabarty et al., Phys. Rev. C 51, 2942 (1995).

2. P.D. Bond, Phys.Rev. C32, 471 and 483 (1985).
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Shape and orientation fluctuation in Tl isotopes via excited
state GDR studies

D.R. Chakrabarty, V.M. Datar, R.K. Choudhury, B.K. Nayak, Y.K. Agarwal*, C.V.K.
Babaf, M.K. Sharan*

t Tata Institute of Fundamental Research, Mumbai.
'Nuclear Science Centre, New Delhi.

Shape and orientation fluctuation in nuclei play an important role in the consistent
understanding of the width increase of the GDR as a function of temperature and spin
as well as the angular distribution of the GDR gamma rays [1]. Until now the analyses
of experimental data addressing the shape and orientation fluctuations have relied on
theoretical calculations of the free energy surfaces of nuclei [2].

Our measurement of high energy 7-rays (~ 5 to 22 MeV) in the reaction 16O+181Ta at
four bombarding energies had been described previously [3]. Singles measurements were
made at E(I6O)=84, 89 and 107 MeV. Coincidence measurements with a multiplicity
setup as well as angular distribution measurements were made at E(16O)=94 MeV. The
present report describes the results of analysis of the data with the goal of extracting
information on shape and orientation fluctuations directly from the data.
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In our analysis, the fluctuation in shape and orientation is described by Gaussian dis-
tributions of (3, 7, the deformation parameters, and $ and <j> the spin axis orientations.
For an assumed set of values of Eo, To (GDR energy and width for the equivalent spherical
shape) the energy dependent 7-ray strength function at a given angle was calculated as a
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convolution over random shapes and orientations. The resultant strength functions at dif-
ferent angles were used in the CASCADE program[4]. The calculated cross sections were
folded with the detector response function and compared to the data. The contribution
from fission fragments were included in the relevant cases.

Fig. 1 shows the measured anisotropies. It is possible to describe the data only if, in
addition to the shape fluctuation, large orientation fluctuations are included (as shown by
the solid line). Fig. 2 shows the linearised plots[3] of gamma spectra and the best fits for
three fold windows at 94 MeV beam energy. Fig. 3 shows the inclusive data and the fits
for the three other beam energies. The relevant parameters are listed in Table 1 where
all energies are in MeV, 7 is in degrees and A, B, C correspond to fold gates 3+4, 5+6
and 7-14, respectively.

From the analysis of the data, we find that the model of shape and orientation fluctu-
ation can reasonably explain all data sets. The conclusions are (1) the mean deformations
needed to explain the data are rather large, i.e. ft ~ 0.3 and (2) large orientation fluctu-
ations are needed to explain the observed near isotropy across the GDR region, (3) there
is a small increase of the effective mean deformation and a drive towards triaxiality with
angular momentum.

1. J. J. Gaardhoje, Ann. Rev. Nucl. Part. Sci. 42, 483 (1992).

2. Y. Alhassid and B. Bush, Nucl. Phys. A509, 461 (1990).

3. D. R. Chakrabarty et al., NPD Annual report 1991.

4. F. Puhlhofer, Nucl. Phys. A280, 267 (1977).
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Table 1

84

89

107

94A

94B

94C

Eo

13.5

13.5

13.5

13.8

13.8

13.8

To
5.5

5.5

5.5

4.5

4.5

4.5

0.27± .04

0.27+S

0.31±:Jg

0.26± .01

0.26l;Sf

0.34+$

< 7 >
3<C£

511

4li8

31±1

Decay of the 6a Resonance at 46 MeV Excitation in 24Mg to the
6.13 MeV Octupole State in 16O

E.T. Mirgule, Suresh Kumar, M.A. Eswaran, D.R. Chakrabarty, V.M. Datar, U.K. Pal
and H.H. Oza

The 46 MeV resonance in 24Mg originally observed in the inelastic channel
12C(12C,I2C0+)12C0+ was interpreted as an ultra-deformed structure having 6a-linear
chain configuration(LCC)[l]. Subsequently our group studied the decay properties
of this resonance in alpha and 8Be channels[2,3], and in the coincidence reactions[4]
12C(12C,a)20Ne* -> a+ 1 6 O' , 12C(12C,a)2ONe* -+8Be+12C* and 12C(12C,8Be)16O* -+
a+12C*. In singles measurements we observed selective decay to known prolate states
in 20Ne and excited states near 6 MeV and 18 MeV region in 16O. In the coincidence stud-
ies the selective feeding to alpha linear chain states in 16O and 12C from the 46.4 MeV
structure, which provided further evidence of this having 6a-LCC nature.

The excitation function for the reaction l2C(12C,8Be)16O* leading to 6 MeV excitation
of X6O also exhibited a broad structure around the 46 MeV region. The 6 MeV region in
16O has two closely spaced states namely the 4p-4h 6.05 MeV, 0+ state and 6.13, 3~ oc-
tupole state both very different from the alpha-linear chain character. With the objective
of identifying which state out of the above two is actually fed by the 46 MeV resonance
structure, an experiment was carried out to measure the particle-gamma coincidence ex-
citation function for the reaction 12C(12C,8Be)16O* -»• 7+16O. For this purpose the I2C
beam from the BARC-TIFR Pelletron was employed in the energy range of 48 to 72 MeV
at every 1 MeV step. A self-supporting natural carbon target of thickness 55 ng/cm2

was used. A AE-E surface barrier detector telescope was setup at 0° at a distance of
11 cm from the target subtending solid angle of 8.25 msr, in a small scattering chamber
having a 4mm thick aluminium lid to allow for low attenuation of 7-rays. The 7-rays
were detected by two 20 cm x 9 cm (face to face) hexagonal BaF2 detectors at 138° and
90° to the beam at a distance of 16 cm from the target. The beam was stopped in front
of the 0° telescope using a 63 mg/cm2 tantalum foil shielded by 3.5 cm thick stainless
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Coincidence Excitation Functions
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Figure 1: Coincidence excitation functions for 8Be

steel to reduce the copious gamma background reaching the two BaF2 detectors.
It is to be noted that 6.05,0+ to g.s.,0+ transition by single 7-emission is not allowed,

while the 6.13,3" to 0+ , E3 transition is restricted to only m=0 magnetic substate due
to detection of 8Be at 0°. The ratio of 8Be-7 coincidence yields in 90° and 138° detec-
tors agreed with the expected[5] angular correlation for the 6.13,3" octupole state. The
efficiency corrected, 4TT coincidence yield assuming 6.13,3" state contribution alone was
found to account 70 to 80% of inclusive (single) yields over the width of the 6a structure.

The 8Be-7 coincidence excitation functions deduced for the 6 MeV as well as 7 MeV
(includes 6.91,2+ and 7.12,1" states) excitation of 16O corresponding to 07 = 138° are
shown in Fig.l(a) and (b). Similar excitation functions were also obtained for the 07 =
90°. These excitation functions indicate that the broad structure at Ec,m.= 32.5 MeV cor-
responding to 46.4 MeV 6a resonance has sub-structures at 31.5, 32.5 and 33.5 MeV. The
recent measurements of inelastic channels 12C(7.65,0£) + 12C(7.65,0£) and 12C(7.65,0j)
+ 12C(9.64,3~) by Chappell et.al.[6] also show this broad resonance like structure around
Ecm= 32.5 MeV.

1. Wousmaa et.al. Phys.Rev.Lett. 68, 1295(1992).

2. E.T. Mirgule et.al. Nucl.Phys. A583, 287(1995).

3. E.T. Mirgule et.al. INPS-95, Bombay, India, B81(1995).

4. M. A. Eswaran et. al. Int. Nucl. Phy. Conf., August 1995, Beijing, China.

5. A.E. Litherland et.al. Can.J.Phy. 39, 788(1961).

6. S.P.G. Chappell et.al. Phys.Rev. C51, 695(1995).
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Threshold Anomaly in 12C+209Bi System

S. Santra, P. Singh, S.Kailas, A. Chatterjee, A. Navin,
A. Shrivastava and A. Samant

To study the energy dependence of the nucleus-nucleus potential in terms of disper-
sion relation and coupled reaction channel calculation, we have measured the elastic and
quasielastic(i.e., inelastic and transfer) scattering angular distributions for 12C+209Bi sys-
tem at projectile energies 59, 60, 61, 62, 63, 64, 66, 70, 72, 75 and 87.5 MeV, in the
angular range of 0,^=25°-173°, using the beam from BARC-TIFR pelletron. The tar-
gets used were self supporting foils (thickness « 250 fig/cm2) of natural Bismuth. Three
A £ — E silicon telescopes with typical resolution w 400 keV were used to detect various
particles of mass A < 15 a.m.u. A monitor detector was mounted at 25° for normalisa-
tion of the cross sections. Optical model analyses for elastic angular distributions were
performed using both phenomenological as well as microscopic potentials[l]. Data avail-
able in the literature for 118 MeV was also analysed. Fig.l shows the strengths of the
real and imaginary parts of the optical potential at the strong absorption radius(r=12.9
fm),plotted as a function of bombarding energy. The energy dependence of the real part
is very pronounced especially at the energy near the Coulomb barrier(w 62 MeV). The
real potential calculated using the dispersion relation is shown by the continuous curve.
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Figure 1: The real and imaginary potential strengths as
a function of bombarding energy.
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Using the optical model potential parameters obtained from the elastic fit, we calcu-

lated the fusion barrier parameters and fusion cross sections at all the above energies.
There is an enhancement in fusion cross section at the barrier and sub-barrier energies.

The maximum reduction in the barrier heights arising due to threshold anomaly de-
duced for 4He, n B , 12C and 16O + 209Bi systems are « 0.5, 1.1, 1.2 and 2.5 MeV respec-
tively. This observation is consistent with the expectation that the coupling effects should
increase with the mass of the projectile.

Thus, threshold anomaly and fusion enhancement are two manifestations of the same
underlying phenomenon. The strong energy dependence of the potential at near barrier
energies arises due to the coupling of the nonelastic channels to the entrance channel.

To Investigate this aspect further the relevent transfer and inelastic differential cross
sections have been measured for the projectile energies 62, 64 and 87.5 MeV. Detailed cou-
pled channel calculations to reproduce simultaneously both elastic and nonelastic channels
are underway.

In addition, systematic angular distributions for quasielastic cross sections (crqe) have
been measured at energies 61, 62, 64, 66, 70 and 87.5 MeV. The total quasi-elastic cross
section is calculated using the relation

•qe

tit [IT

= / d<f> cW<7 (2)

where Op is the angle corresponding to the maximum value (Fresnel peak) of crei{0). The
fusion cross section (op) has been calculated by subtracting crje from <TR. The values of
an are obtained by fitting the elastic scattering data at above energies. The values of
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ap are also calculated by one dimensional barrier penetration model (OBPM), using the
energy dependent fusion barrier parameters V# and IB deduced from the real part of the
optical potential.

Fusion cross sections (ap) obtained by these two methods are compared with the
fusion data available in the literature and are shown in Fig.2. A Wong model calculation
of ap with /?e// = 0.14 (simulates couplings to nonelastic channels) closely resembles the
experimental data. Further details are given in Ref.[2].

1. S. Santra et al., Int. Nucl. Phys. Symp.(INPS-95), B27(1995).

2. S. Santra et al., DAE Nucl. Phys. Symp. B39, 130 (1996).
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rj Production in pp Collisions

B. K. Jain and A. B. Santra

The J/(W 547MeV,0~,/ = 0) meson production in pp collision gives an unique op-
portunity to study the #*(« 1535MeV, \~,1 = £) resonance. In this note, we presnt a
calculation for the total cross-section in pp —> ppq channel. Experimental data [1], though
not extensive, are available for this channel. In our model, production of r/ occurs through
the excitation of N* resonance. We first calculate cross-section for the excitation of N*
of mass fi as,

UO'• " • M " * ' r i * - * / / . # . « . « i m .o / i \

(2)

dfi2

Then the total cross-section for pp —>• ppr) channel is written as,

where Br(fi) is the branching ratio for the decay TV* —> pt). In (1), p{y.) is the mass
distribution function of N*, and <| 71/, |2> denotes the square of the transition amplitude
for pp -¥ pN", averaged and summed over the initial and final states respectively.

The excitation of N* can be mediated through the exchange of pion, rho, eta and
omega mesons between the two interacting protons in the initial state. We have considered
one-pion, one-eta and one-rho exchange for this process. The transition potential for
pp -» pN* is written in the momentum space as,

(q,u,), (3)

^ x q)Dp(q,u>) ,

where the intermediate meson propagators, Dx(q,u)), and the form factors at the vertices
xNN and xNN* (x = n,rf and p) are given as,

F*(q,u) = v"* m ^
(A

We have calculated a(pp —> ppr}) given in (2) using distorted wave Born Approxi-
mation. The coupling constants for various vertices have been taken as: f^N = 1.008,
g*NN* = 0.80, fvNN = 1.6, gvNN' = 2.22, fpNN = 7.8 and gpNN* = 1.66. The cut off mass
parameter Ax for various vertices (xNN) have been taken as: Av = 1.2, A,, = 1.2 and
Ap = 2.0. We have taken same value of the cut off mass parameter for xNN and xNN*
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incident kinetic energy.
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vertices. The calculated total cross-section as a function of the incident kinetic energy is
shown in the figure.

The calculated cross-section fits the data very well. The effect of distortion is to
decrease the magnitude of the cross-section by a factor of two. The main contribution
in the transition amplitude is due to the exchange of rho. Contributions coming from
exchange of pion and eta are very small.

1. V. Flamino et al., report CERN-HERA 79-03(1979).

Rho production in p-12C collisions

Swapan Das, B.K.Jain and A.B.Santra

Production of rho meson in nuclear collisions provides an opportunity to study its dy-
namics in nuclear medium as well as that of the associated nucleonic resonances through
which its production proceeds. At intermediate energies the lowest resonance which has
large (80%) branching ratio for the Np decay channel is the N*(1720 MeV) P13 resonance.
Like in our earlier work on pion production in proton nucleus collisions, the rho meson
can be produced via the excitation of the resonance in the projectile as well as a nucleon
in the target nucleus. Presently, we estimate the cross section for the most dominant
projectile-excitation diagram only.
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In the diagram, shown in fig. 1, rho meson is produced through the excitation of the
beam proton to N*(1720 MeV), and the nuclear response is restricted to the ground state
of the target nucleus. The target nucleus taken is 12C. The excitation of the resonance
is considered through the rho-exchange only. Its excitation through one pion-exchange is
known to be an order of magnitude weaker.

Non relativistically, the interaction for the N* —>-Np decay is given by

HpNN*(fi) = — ( S x «).e(«A)rM, (1)
mp

where S is the spin \~* \ transition operator, and e(«A) is the polarisation vector of
the p meson, K denotes the rho meson momentum in the pN cm. system. The /?NN*
coupling constant, /*, has been deduced from the p-meson decay width of N* (1720 MeV)
and it is found to be 22.86. The rho meson-exchange transition potential for NN-»NN*
is given by

x q).(<r2
 x q)ri-T2> (2)

m'p
where the />NN coupling constant, / , is known to be equal to 7.8. Gp(t) is the prop-

agator for the virtual rho meson and t(= w2 — q2) is the four momentum transfer to the
nucleus. F" (t) and F(t) are the form factors at the pNN* and the pNN vertex respectively
and they have been described by the monopole form with the length parameter A equal
to 2 GeV/c.

Using plane waves for the continuum particles, and taking average over the intial states
and an appropriate summation over the final states, \T/i\2 works out to

>= \rF^!m\2\GA^)GMWH<l2 + 3(«,.q)2]Mq)i2- (3)

Here Gp»(qp*) is the propagator for the resonance and PA{<1) the nuclear transition
density. The latter is evaluated using harmonic oscillator wave functions for the nucleus
with the oscillator length parameter equal to 1.66 fm.

The double differential cross section for the ejectile, p', is given by

(Pa _ /• nm2,mAkp,k%

mp, ~ J p(2K)«kp[k2JEi - EP>) - (kp - kpO-My < > 5
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Figure 1: Fynman diagram for
the calculated reaction mecha-
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Figure 2: Calculated spectra for
the ejectile pf, energy distribu-
tion.

For a proton detected at 5° the calculated proton energy spectrum for 2 GeV beam
energy is shown in fig. 2. The energy and the angle of emission of the rho meson has
been integrated out. We find that the peak cross section for rho production is around
80 nb. The distortions of continuum particles, as we know from our earlier experience,
would reduce it further by about a factor of 3-4.

Study of 6Li ( p, P'TT+)
 6He Reaction

Bijoy Kundu and B.K.Jain

Over many years there has been great interest in the study of the delta-nucleus in-
teraction and delta producing nuclear reactions. In this context, a clean experiment on
6Li(p,A++)6He reaction was reported sometime back from Saturne [1]. This experiment
used protons of 1.04 GeV and detected the recoiling 6He alongwith pions in a hodoscope.
The measurements were done on the recoil energy spectrum and the differential cross
section as a function of four momentum transfer. They were theoretically analysed using
DWBA, and were reproduced well [2]. However, this approach considered A as a stable
particle. Since the width of A is large (~116 MeV), this approximation had always been a
cause of discomfort, and a source of uncertainty in the calculated cross sections. To rem-
edy the situation, recently we developed a formalism [hereafter referred as JK] in which
the unstable nature of the delta has been incorporated [3]. The formalism incorporates
the decay of A anywhere on its path in propagating-out from its production point r. This
decay point could be either inside or outside the nucleus. The distortion due to nuclear
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medium of the A (during its propagation) and its decay products p and TT+ (while getting
out of the nucleus) is incorporated through appropriate optical potentials.
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Figure 1: Four momentum transfer distribu-
tion for 6Li(p,p'?r+)6He reaction. Dash-dot curve
- no distortion for any continuum wave (PW results).
The dashed curve includes distortions for the beam and
delta and the solid curve includes distortions for beam,
delta, p' and n+. Aff=650 MeV/c. The experimental
points are from [2].

We apply this formalism to 6Li(p,A++)6He reaction [4]. We have calculated d<r/dt for
the 6Li(p,p'7r+)6He reaction, where t is the four momentum transfer to the target nucleus
from the beam proton, and identified it with the measured four momentum distribution
in the Saturne experiment. The calculated differential cross sections agree well with the
measured ones.

For the p —>• A + + excitation in the above mechanism we have used one-pion exchange
and fixed its parameters so that it reproduces the spin-averaged cross-sections on the pp->
nA + + reaction over a large energy range [5]. Following JK, the differential cross-section,
dcr/dt, for the A(p,p'7r+)B reaction is given by,

do f

~dl^ I \Tfi\ (1)

where [PS] is the factor associated with the phase space and the beam current. T/i is
the transition amplitude. The angular brackets around its square denote the appropriate
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sum and average over the final and initial spins, respectively.
Calculated da/dt for 6Li target nucleus is shown in fig. 1. The experimental data

shown in the figure is from ref.[l]. Figure 1 has three calculated curves. The solid curve
represents the full calculations, including distortion of all the continuum particles.

We find that this curve is in reasonable accord, in magnitude as well as shape, with
the experimental points. The dash-dot curve corresponds to plane wave results. Its
comparison with the solid curve gives an estimate of nuclear distortion on the cross section.
We find that the distortion reduces the cross-section at the peak by a factor of about 2.85.
The shape of the differential cross section also gets affected to a certain extent at higher
values oft. The dashed curve includes the distortion of the beam and the A, but not that
of the decay products j/n+ of the A. The comparison of this curve with the solid curve
demonstrates the extent upto which the inclusion of the distortion of its decay products
j/ir+ by the nucleus can alter the calculated four momentum distribution for 6Li. Its effect,
as we see, is also to reduce the cross section and to alter the shape of the distribution at
the larger momentum transfer.

In conclusion, we find that the inclusion of the delta decay in nuclear medium does
not destroy the extent of agreement reached in earlier calculations with the data on
6Li(p,A++)6He reaction considering the A decay outside the nuclear medium only. A
reasonable agreement with the data is obtained in the JK model using one pion-exchange
potential for pp-> A + + n transition with the length parameter Aw =650 MeV/c.

' • .
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Weak Attenuation in Knockout Reactions
S. Mythili and A.K. Jain

A broad energy spectrum peaked around the zero recoil momentum position (Q = 0
) is expected to arise from the knockout of a particle bound in an / = 0 state while a
dip is to be witnessed when it is from an / = 1 bound state. The filling up of the dip
in the / ^ 0 is a measure of the distorting optical potentials affecting the clean knockout
process. It is generally noticed that while the / = 0 knockout distorted wave calculations
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predict sharper distributions ( see fig. 1, relatively smaller contributions for larger Q's )
the results for / = 1 case are over-predicted in the wings ( see fig. 2 ). These apparently
contradictory behaviours have so far been considered to indicate to the opposite trends
in the distorted wave frame work.

In order to understand these observations let us consider the I = 0 case first The
/ = 0 wave function peaks arround R = 0 and here the nuclear interior and exterior
contributions to the knockout matrix element add-on to give the largest contribution at
around Q = 0. For larger Q, however, the exterior contribution is reduced while the
interior contributiondepends mainly on the distorting optical potentials used. The use of

10 30 40 50

ALPHA ENERGT (U.V) E, ( MlV)

Fig. l . Fig.2.

normal optical potentials gives larger reduction in the distorted wave overlap function at
large Q giving rise to the lower cross section at larger Q for / = 0 bound system.

This observation therefore justifies the use of weaker optical distortions for the / = 0
case. For the / = 1 system however, the dip at around Q = 0 arises due to the i,(QR)
being zero at Q = Q. The filling up of the dip due to the distortions arises due to
the inadequate cancellations of the scattering states wave function parts resulting in its
deviations from JxiQR) (# 0, now ). The peaks on either side of the Q = 0 position
correspond to increased contributions from the external region ( due to increase in jAQR)
as R increases ) of the bound wave function. Beyond the peaks however, there is decline in
the external contributions to be overlap function as the bound wave function itself starts
declining inwards so as to go through the node. For a compact bound wave function the
node is much deeper inside the nuclear surface resulting in a shift in the peak positions
towards larger Q. With increasing Q not only is there a decline in the surface contributions
but there is an increasing internal contribution of the opposite sign. For strong optical
distortions the internal contribution (having the the opposite sign) is suppressed and
hence a rue m the wings part of the distribution is predicted. A weaker optical potential
would therefore result in a sharper decline on the sides. Thus the sharper distribution
observed in the data is indicative of weaker distorting optical potentials.
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It is therefore concluded that although / = 0 and / = 1 distorted wave predictions for
the knockout reactions are of apparently contradictory nature they both correspond to
weaker optical distortions than are present in the corresponding two-body optical potential
results.

Improved treatment for Distorted Wave direct reaction
calculations

A. K. Jain and S. Mythili

Anomalies have been observed in the understanding of the direct reaction data such
as (a, 2a)[l], (d,6 Li), (e,e'p)[2j, (n,np), (rr,27r) [3] etc. in terms of their distorted wave
analyses. The anomalies are indicative of large mean free paths or weak attenuation
because the DW calculations under-predict the cross sections substantially.

In direct reactions the basic assumption is that there are very few rearrangements tak-
ing place in the reaction and these are caused mainly by a short range strong interaction
over-riding an average smooth distorting optical potential. It has been noticed that when-
ever the distorting optical potentials are large so as to change the cross sections by large
amounts in going from plane wave to distorted wave the anomalies become pronounced.

Large anomalies have however been witnessed in the past to arise when certain con-
servation laws are not satisfied. It is therefore indicated that one should look for the
conservation laws which are apparently violated by the conventional distorted wave for-
malism. The prominent conservation laws which are easily seen to be violated are the
kinetic energy and momentum in passing from the initial state to the final state at. any
transition point inside the nuclear medium. This behaviour leads to a mismatch between
the wave functions at the transition point. The non-conservation arises because of the
freedom of choice available for the optical potentials for the initial and final states inde-
pendently. As the local kinetic energy and momenta are somewhat meaningless entities
for a localized system having complex potentials one looks for the matching behaviour of
the complex wave functions in terms of their curvatures and slopes. A proper matching
could therefore be achieved in the form of matching the centre of mass motion wave func-
tions of the directly interacting particles. This criterion restricts the choice of the initial
state wave function interms of the final state for the said centre of mass of these particles.

The procedure to match the initial and final states for all the partial waves may then
be taken from a projection, P(qi,q2) from the initial state to the final state.

This can be generalized for other direct reactions. As there is no freedom of choice of
the final state optical potentials one uses the same wave function as the initial state. The
boundary condition is ofcourse to be implied. This accountancy of the conservation of the
kinetic energy and momentum of the centre of mass automatically reduces the anomaly
observed in the DW analyses because the optical potentials are weakly attenuating in
the initial state. Thus a large mean free path or weak attenuation for the direct reaction
products is a natural outcome of the matching of the initial and final states.
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Adiabatic deuteron model of the (p,d) reaction and the
Summed Potential Energy Conservation Theorem

A. K. Jain

Johnson and Soper proposed an adiabatic deuteron model prescription [1] for the
DWBA analyses of the (p,d) and (d,p) direct reactions. This prescription used an effective
deuteron optical potential instead of the deuteron optical potentials which fit the elastic
scattering data. The distorted wave generated by this effective deuteron optical potential
includes 'deuterons' which have been broken up in the average field of the target nucleus.
The so called 'deuteron' now consists of neutron and proton moving in together in a 3S
state with little relative momentum. It was argued by Johnson and Soper that the use of
this adiabatic deuteron optical potential removes the inadequacy of not including the 3-
body effects, i.e. the effects arising out of the breakup of the deuteron in the field of the
nucleus. Although the use of this prescription fitted the data nicely its validity has never
been justified on the fundamental level[2,3].

In the present work it has been shown that the Summed Potential Energy Conservation
Theorem (SPECT) proposed by us earlier[4] for any direct nuclear reaction justifies the
essence of the Johnson Soper prescription.

According to the SPECT the sum of the complex optical potentials of the directly
reacting components before and after the rearrangement should be conserved for a direct
nuclear reaction. The foundation of this theorem is in the basic definition and working
of a direct nuclear reaction where at the transition point only a minimum number of
degrees of freedom are rearranged in the large energy and/or momentum transfer. The
expectation values of the Hamiltonia before and after the transition are conserved at the
transition point R, thus

= < Hf >R

or
< Ti >R + <Vi>R = <Tf>R + <V

Where H, T and V refer to the total Hamiltonian, total kinetic energy and summed
optical potential for the initial, i and final, f states respectively. However the expectation
value of the total kinetic energy of the affected direct reaction components can not change
due to the residual interaction, hence

<Ti>R = <Tj>R. Thus: <Vi>R = <Vj>R.

For the (d,p) reaction this equality of the summed optical potentials in the initial and
final states at any location R gives:
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Vd >R = < Vn >R + <VP>R
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However, < Vn >R for a bound neutron is very close to the neutron optical potential
at around \E& energy except for the missing imaginary component, and < Vp >R, the
proton optical potential at around Ed energy is close to the proton optical optical poten-
tial at around ^Ej except for a somewhat increased imaginary component. This increased
imaginary component, < Vp >^*°s nearly balances the zero imaginary component of the
neutron bound potential. Hence the empirical Johnson Soper prescription for (d,p) and
(p,d) reactions is justified through the summed optical potential conservation theorem.
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<p Meson mass modification in heavy-ion collisions
S. K. Gupta1 and R. S. Bhalerao1

1 Theoretical Physics Group, T.I.F.R., Mumbai 400 005

Phase transitions in QCD are expected to change in-medium mass and width of (j> meson
(other light vector mesons as well) at high temperature and/or density [1]. Recently
E-802 group at AGS(BNL) reported first results on the mass shift of the <j> (free-space
mass Mo = 1019.413 ± 0.008 MeV and width To = 4.43 ± 0.06 MeV or life-time 45
fm/c) produced in central Si + Au collisions at 14.6 A GeV/c [2]. The invariant-mass
spectrum was obtained from the decay mode <f> —> K+K~ as a function of the centrality
of the collision measured with the target mutilplicity array (TMA) and the (f> transverse
momentum py. The spectrum was fitted with a relativistic Breit-Wigner (BW) resonance
convoluted with an experimental resolution function with cr — 2.2 MeV. The top 2% TMA
events showed a drop in mass by 2.3 ±1.0 MeV. For the events with pr < 1.25 GeV/c,
the shift was even more (3.3 ±1.1 MeV). The width increased by about 0.78 MeV. There
was no shift for pr > 1-25 GeV/c.

If the outgoing K± do not interact with the medium, the fraction / of the </>'s with a
modified mass M\ and width Y\ decaying in the medium is given by

/ = 1 - exp(-M1r,c//V/A/7
2. cosh2ycm - Mf)

where Mr and */„„ are, respectively, the transverse mass and cm rapidity of (f> traversing a
distance d in medium. For the typical values of d = 5 fm, Mr = 1100 MeV and yan = 0.3
[2], / is deduced as 0.37. This shows the inadequacy of using a single BW term. Instead
the data should be fitted with two BW terms as

^{\ - f) BWC(M,MO,VQ) + f BWC{M,MUYX).

where BWC denotes the convoluted BW term. For the least-squares fit to the data with
the shifted and the unshifted BWC terms, for the shifted term the mass reduces by 6.0±1.9
MeV while the width increases by 5.4 ±3.9 MeV. The shift is larger than the one obtained
with a single BW fit.

From QCD sum rules, the (j> mass is given [3] as a function of the density p in terms
of nuclear matter density p0 by

^ l ( 0 . 1 5 ± 0 . 0 5 ) y A
M p0

where the OZI breaking parameter y a 0.1—0.2. With Mi given above, p/po = 0.26±0.15.
To conclude, more measurements are desirable to understand the phenomenon.

1. T. Hatsuda and T. Kunihiro, Phys. Reports 247 (1994) 221.

2. Y. Akiba, Nucl. Phys. A 590 (1995) 179c; Y. Wang, Nucl. Phys. A 590 (1995)
539c.
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Modifications of the Glauber model for low energy heavy ion
reactions

P. Shukla and S. K. Gupta

The nuclear scattering matrix in the generalised Glauber model for elastic scattering of
a spinless projectile with a spinless target can be obtained in terms of the trajectory r(t)

as

(1)

Here UN is the nuclear optical potential of Woods-Saxon form. If the trajectory of the
relative motion is described in terms of the relative velocity v(z) along the z direction and
di is the distance of closest approach in the presence of both the Coulomb and nuclear
field then we can write eqn (1) as

S,' = exp (-— r UN(Jdj + z*)dz) . (2)

Fig. 1
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The velocity v is a function of z thus, it should be taken as suitable average over the
trajectory before taking it outside the integral. We found the following prescription is
good.
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Elab
MeV
33.00
50.00
81.00
142.50
215.20

aR(mb)
C

321.93
994.20
1458.99
1739.76
1836.41

CN
481.19
1117.11
1546.71
1798.51
1880.11

CNv
512.12
1144.90
1567.33
1811.62
1889.24

BS
527.07
1167.22
1590.18
1832.82
1906.94

EXACT
509.2
1154.0
1580.0
1821.0
1895.0

v = v = (vi + Voo)/2. (3)

Fig. 1 shows the transmission coefficients 7} for 16O + 28Si for two energies. Fig. 2
shows the differential elastic cross sections for the same system which show oscillations
in all the above variants as compared to the exact calculations. This can be related to a
sharp discontinuity in the transmission coeff. at a particular /. This defect needs to be
rectified if the model is to be more accurate.

Here UQQ is the asymptotic velocity given by hk/fx and vi, the velocity at the d( is given
by v ^ .

For r > Ry (or Rw), the Woods-Saxon potential UN{T) can be approximated as

IT i \ i/ (Rv-r\ (Rw-r\

UN{r)~-Voexp[ )-iWoexp[ . (4)
\ av / \ aw /

This form of the potential is accurate for heavy ion scattering where the tail of the
potential plays a dominant role. Using this, we can obtain an analytical expression [1] for
S'I by taking the actual trajectory into account as

5/ = exp L±- (5)

in terms of

V{{di) = -

(6)
and VcjAdi), is the derivative of Vejj w.r.t r evaluated at di, where Vejj is the sum of

Coulomb, centrifugal and real nuclear potentials.
Ref [3] obtain di by expanding the total potential about the Coulomb distance of

closest approach which oscillates wildly at lower values of impact parameters giving an
inconsistent reaction cross section. We calculate d\ numerically to get satisfactory results.

The abbreviations used in the tables and figures are as follows- (1) C : the calculations
with the di using the Coulomb potential for the velocity v^. (2) CN: the above calculations
with the di using the Coulomb and nuclear potential for the velocity vw . (3) CNtJ : the
above calculations with the average velocity v. (4) BS : the calculations with the Brink-
Satchler analytical expression with the di using the Coulomb and nuclear potential. (5)
EXACT : the calculations with the opical model code SNOOPY.
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We have done calculation for several systems. For demonstration the total reaction
cross sections for 16O + 28Si system at different energies have been given in the table.

The results with the average velocity are in good agreement with the exact results.
The analytical expression also gives results close to the exact results.

1. D. M. Brink and G. R. Satchler J. Phys. G 7 43 (1981).

Heavy ion fusion in glauber model
P. Shukla and S. K. Gupta

In the present work heavy ion fusion is formulated in the framework of the improved
Glauber model (GM) [1] in two different ways. The model GMU follows the procedure
of Udagawa et al [2] while the model GMM employs the method of Mohanty et al [3],
In GMU the integration over the imaginary potential Wp is carried out upto the fusion
radius Rp using the Glauber wave function obtained with the full optical potential (FOP).
In this case, the fusion transmission coefficient Tpj = 0., whenever Rp < n ( r/ is the
distance of closest approach for the given value of /). In GMM the radial dependence of
Wp is that of FOP, however, its strength depends on energy and /.

In Fig. 1 ap for GMU, GMM, the optical model (OM) results OMU for the procedure
of Udagawa et al and the OM results OMM for that of Mohanty et al are presented for
i6()_j_208pt>. The optical model parameters are taken from ref. [4]. The parameters for
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for GMM are from ref. [3]. Results of GMM and OMM agree with each other. At
lower energies GMU yields ap = 0 as in this case Rp < n for all values of /. At higher
energies the GMU and OMU results also agree.

In the fig. 2 < I2 > vs Eiab results are presented for GMM and OMM along with the
experimental data.
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What can be learnt from the ratio of the thermal dilepton
yields at two rapidities

A. K. Mohanty ,R. K. Choudhury, S. S. Kapoor

C. F. Maguire1 and Anita Trivedi1

'Department of physics, Vanderbilt University, USA

A new state of matter comprising of quarks and gluons is expected to be formed during
relativistic heavy ion collisons. The gluon dominated plasma will thermalise in a short
time w .3 fm, leading to a very high initial temperature. In the case of a first order
phase transition, the system expands through quark, mixed and hadron phases. Initially,
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it expands rapidly in the longitudinal direction till the rarefaction shock wave reaches the
centre. However, when the system is in the mixed or even more so in the hadron phase, it
will be also in very rapid transverse motion. In the following, we show that the transverse
collective flow can be studied directly from the ratio of the thermal dilepton yields at any
two rapidities around the p mass region. We calculate the thermal yield from the pure
quark gluon, mixed and hadron phases with inclusion of both longitudinal and transverse
expansion. We follow similar procedure as given in ref [1] but with inclusion of transverse
expansion in an approximate way. The tansverse expansion has two main effects: (i) rapid
cooling and (ii) transverse boost in the low mass region. These two effects are taken into
account in the following way. Following ref [2] , we write down the cooling law as

T = Ti(-)nv1' (1)

where v, is the velocity of sound in the medium and n is the dimensionality of the
expansion. For longitudinal expansion n=l and for transverse expansion we choose n=3.
Due to transverse expansion, a rarefaction shock wave from the surface of the plasma
moves towards the center with a radius of wave front

W{T) = R A - V,(T - Ti) (2)

where RA is the transverse dimension given by RA = 1.124/41/3. We choose a cut off
radius R such that the system undergoes only a longitudinal expansion till W(T) < R
and after which the transverse expansion sets in. In an earlier work [3], the thermal
dilepton yields has been studied with transverse expansion of the plasma . It is seen
that the dilepton yields from the low mass region is boosted up and the My spectrum
becomes as flat as exp(—MT/T{). Therefore, to incorporate this effect of transverse boost
we multiply a factor of exp(^Mr) with /? = 1/71,- — 1/TC to the hadron yield for the mass
range M < 1.2 GeV. With the above cooling laws, the beginning of mixed phase now
occurs at rm =T3(Ts/Tc)

3/n where ra is the time after which the transverse expansion sets
in

RA-R ,„.
r, - ^ + (3)

Similarly, the fractional volume occupied by the quark contents at the mixed phase is
now modified to

/(*) = T Z T K T T I O - /o) + rfo} - 1} (4)

The beginning of the hadron phase then starts at 77/ = rxlnrm when /o=l , r is the
ratio of the degrees of freedoms of quark and hadron phases and rm is the beginning of
the mixed phase.

With the above modifications, we derive the expressions for the thermal yields from
the pure quark, mixed and hadron phases in the same way as in ref [1]. With the choice
of R=RA/2, we are able to reproduce most of the features of a detailed hydrodynamical
calculations of [3] and also the Mr spectrum around the p mass region of ref [4]. The
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ratio of the total thermal yields calculated for M=775 MeV at y=2 to y=0 as a function
of MT of the dilepton pairs is shown in fig. 1. These rapidity values were chosen in the

0.80

0.60

K0.20

°-O(b.o'

M=775(MeV) (3+1)
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No=2500
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Figure 1: Ratio of the themal dilepton yields as a func-
tion of dilepton invariant mass

context of the PHENIX detector which is being designed to measure the di-electrons at
mid rapidity (y « 0) and dimuons in the j / w 2 regions. We have studied the above ratio
around the p mass region where the total thermal yield is mostly dominated by the yields
from the mixed and the hadron phases at all MT due the transverse boost. As shown in
fig, the ratio decreases with increasing MT- We have shown this ratlio at three different
initial temperatures of the plasma (Â o is the multiplicity at mid-rapidity which decides
the temperature). If there is no transverse flow, this ratio would have remained constant
at around .64 as shown by the line in fig 1. Therefore, if there is a phase transition, the
fall of the above ratio with MT would indicate the presence of collective transverse flow
of the medium. As can be seen, the slope strongly depends on the initial temperature of
the plasma, where as all the intercepts have nearly the same value given by exp(—y2/a2),
where a is the width of the fluid rapidity. Therefore, it is shown in the present work
that while the slope depends on the initial temperature due to the collective flow of the
medium, the intercept is nearly independent of any other plasma parameters, except the
width a of the plasma rapidity distribution.

1. R. Vogt, B. V. Jacak, P. L. McGaughey and P. V. Ruuskanen, Phys. Rev. D49
3345, (1994).
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Angular Momentum Dependence of Shape Variables in
Heavy Ion induced Fusion

K. Kumar, R. K. Choudhury and A. Saxena

Angular momentum plays a key role in governing the dynamics of heavy ion induced
fusion reactions. We have used the Dynamic Trajectory Model [1,2] to study the evolution
of the macroscopic degrees of freedom of nuclei during the fusion process. The macro-
scopic shapes of the nuclear system are represented by three variables S, the distance, <r,
the neck co-ordinate and A, the mass asymmetry defined as:

s = distance between two spheres

a = [Vo - (47r/3)/£ - ( 4 T T / 3 ) ^ ] / V 0

A = [/*!- R2]/[Ri + R2)

where Vb is the total volume of the system which is kept constant, independent of the
( s, cr, A). Ri and R2 are the radii of the two interacting nuclei. In addition there are
three rotational degrees of freedom for the intrinsic and relative rotation of the di-nuclear
complex. Denoting the six macroscopic co-ordinates and their momenta by (q(t), p(t)),
the Langevin's dynamical equations of motion can be written as:

dp/dt = -dT/dq - dV/dq + X(t)

dq/dt = M~lp

where T is the cllective kinetic energy and M is the mass tensor, V is the conservative
potential and X(t) is the fluctuating force due to coupling of the collective degrees of
freedom to the intrinsic degrees of freedom [1,2].

This model gives a realistic macroscoppic description of nucleus-nucleus collision, based
on the concept of one-body dissipation. The equations of motion are solved for a given an-
gular momentum to determine the time development of the various macroscopic variables
defined above. The values of 1 which fuse for a given system was obtained and fusion cross
sections were calculated which are found to agree with experimental systematics within
10 percent.

We have carried out global analysis for fusion time scales for composite systems with
fissilities x ranging from 0.45 to 0.83 and for various entrance channel mass asymmetries
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a. At the time of fusion these macroscopic variables show different trends as a function
of angular momentum in the various fissility regions for changing mass asymmetries.

The elongation S, at the time of fusion are shown in fig 1 as a function of the angular
momentum /, for typical systems uB+2 3 7Np ( a=0.91) and 19F+232Th (o=0.85) both
leading to the similar compound nuclei with fissility x fa 0.834.

The elongation S, is found to decrease with increasing angular momenta i.e for higher
rotations for large mass asymmetries a, for uB+2 3 7Np. However for 19F+232Th with
smaller mass asymmetry , S decreases initially for lower I's, while it increases for larger
/ > 18 and the composite system has a more stretched configuration for these angular
momenta. As shown in fig la, the turning point is at around 1=15.
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Figure 1: (a): Elongation , S as a function of angular momentum
(b): neck co-ordinate, a as a function of angular momentum (c): A
as a function of angular momentum

The neck co-ordinate <r as well as the mass asymmetry co-ordinate A as a function of
I show similar trends as shown in Fig lb and lc. For highest /, the a is more than twice
the value at / = 18 for O+Th and F+Th , while for B+Np it decreases continously. The
mass asymmetry A decreases more slowly for B+Np compared to the other two systems
as shown in fig 3. These effects can be understood in terms of the collective potential
energy of the composite system at the time of fusion. For ( 0 , F)+Th the potential energy
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of the composite system decreases for lower I's and increases again after / « 15, while for
B-f Np it decreases monotonically [3].

1. K. Kumar , R.K. Choudhury and A. Saxena, Pramarta 42,123(1994).

2. H. Feldmeier, Rep. Prog. Phys. 50,915(1987).

3. K. Kumar , R.K. Choudhury and A. Saxena,NP Symp. 38B(1995).

Analysis of one- and two-proton transfer in 160-f-154 5m reaction
at 100 Mev in diffractional DWBA model

K. Kumar, B.K.Nayak and R.K.Choudhury

In case of heavy ion induced transfer reactions, as the continuum states are strongly
populated, the usual DWBA is not applicable. We use the Diffractional DWBA
(DDWBA) model, where the continuum states are taken care by choosing appropriate
level densities and the DWBA transition matrix element is calculated on the basis of
diffractional model of Austern and Blair[1]. We report the DDWBA analysis of one- and
two-proton transfer angular distributions and energy spectra of IP- and 2P- transfer chan-
nels in 1 60+ 154Sm transfer reaction at 100 MeV. The experimental angular distribution
and energy spectra for one- and two-proton transfer have been taken from the Ref.[2].
The double Differential cross section to the continuum states in DDWBA[3] is:

f
Jo

x P2(E*2,J2) * a(Ef,0,LT)dE; (1)

where EQ, and E\ are total excitation energy and final energy of the residual nucleus
respectively. The level density p is defined with a spin law distribution, where particle
and hole states are used. The main ingradient to the reduced transfer reaction cross
section a(E/,0, Lj) in eq(l), is the reduced matrix element /?;//, which is proportional
to the product of the derivative of the reflection coeffecient rji in the entrance and exit
channel. In the strong absorption model r^ can be written as:

17, = [1 + exp((lg -

where the grazing angular moomentum lg and the width A are given as:

lg = kR[l - 2n/kR}1/2

A = kd[l - n/kR)[l - 2n/kR)

where n is the Sommerfeld parameter and k is the wave number. The values of the radius
R and the diffuseness parameter are related to those determined from phase shift analysis
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Figure 1: The energy integreted angular distribution of
15N and UC ejectiles in the 16O +154 5m reaction at
100.0 MeV along with the predictions of DDWBA. The
experimental angular distributions are for the lp- ( • •
) and 2p- transfer( V V ) channels

of the elastic scattering in the entrance and the exit channels. The three parameters are
then ,the radius R = ro(AT -f- Ap ), the diffusivity d and the phase angle A0, where A6>
is defined as the difference between the Coulomb and nuclear rainbow:

0i=i9 = 2arctan{n/la) - a/2 A

where A6 = a/2A and a is the angular shift required to match with the experimental
peak position. Fig.l shows the energy integreted angular distribution of 1S./V and l4C
ejectiles in the 1 6O+1 5 45m reaction at 100.0 MeV along with the predictions of DDWBA.
The experimental angular distributions for the lp- (• • •) and 2p- transfer( V V V)
channels are found to be of bell shaped peaking at the grazing angles. The solid line
corresponds to the calculations for !5jV ejectiles with A0 = 4°, r0 = 1.55 fm and d=.375
fm . The magnitude of the calculated cross-section is normalised to the value of the
experimental data at the peak position. The calculated angular distributions have the
required bell shape and are in reasonable agreement with the data. The dashed line
shows the calculation for 2-proton transfer i.e. UC ejectiles. The agreement is found to
be reasonable except at forward angles with similar parameters as 1-p transfer channel.
Fig 2. shows the energy spectra for lp- and 2p- transfer channels at 30° and 40°, where
a general agreement between the experimental energy spectra( • • • ) and the results of
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Figure 2: calculated energy spectra for lp- and 2p-
transfer channels at 30° and 40° compared with experi-
ment.

the model calculations is observed. However the calculated energy spectra are seen to be
narrower than the experimental distributions.

Calculations are in progress for other reactions e.g 16O + U 5 /n and 16O + 1545m
reactions involving a few nucleon transfers.

1. N.Austern and J.S.Blair, Ann. Phys. (N.Y)33, 15(1965).

2. B. K. Nayak et.al.; NP Symp. 39B(1996).

3. A.Pagano et al, Phys. Rev.,C47 (1993) 1170; reference therein

Chemical equilibration in Quark Gluon Plasma at finite baryon
density

K. Kumar, A. K. Mohanty ,D. Dutta and R. K. Choudhury

Models based on pQCD suggest that semi-hard scattering, during the early stage of
relativistic heavy ion collisions, will lead to a strongly gluon dominated hot and dilute par-
ton gas. Since the phase space density, specially for quarks and anti-quarks, is much below

68



the equilibrium value, chemical equilibration will compete with the expansion resulting
in a rapid cooling of the plasma compared to Bjorken's scaling solution (7'3r=const)[l].
Some of the recent calculations suggest [2] that the colliding nuclei may not be fully trans-
parent particularly at higher rapidity |y| > 1 and the chemical potential, y. may be of
the order of or greater than T. So we investigate the effect of finite but non zero baryon
density (n# ^ 0) on chemical equilibration of the hot plasma. Under the approximation
fi/T << P/T , we can write the quark and anti-quark distribution function as[3j:

/ , « Xqexp(x)feq(fi = 0) = \qfeg{n = 0)

fq « Xqexp(-x)feq(fi = 0) = XQfeq(ft = 0)

where XQ = A,exp(x) and XQ = Xq-exp(—x) such that XQXQ = A,A, and x — fi/T .
The fugacities A, and Â  are less than 1 if the chemical equilibration is not reached.

Since radiation processes are considerably suppressed in a dense parton medium due to
rescattering, we consider the dominant reaction mechanism for the equilibration of each
parton flavor : gg # ggg and gg T^ qq . Evolution of the parton densities is governed by
the rate equations[lj:

^ = naR3(l - A,) - 2ngR2{\ - ^ f t ) (1)

^ ( n , - nq-)t = 0 = l^T'tiXQ - XQ)] (3)

where R^ and R3 are the rates for the processes gg ^ ggg and gg r^ qq . These rates
depend on the temperature and the fugacity in a complex manner . The temperature T
of the plasma evolves according to the hydrodynamical equation:

While solving the rate equations (1) to (4), we use the energy density e, the quark and
anti-quark densities nq and nq , which are dependent on x (consequently on the chemical
potential ft) defined as:

c = T*[a2Xa + &2(A,exp(x) + Xqexp(-x)]

with a2 = 87r2/15; 62 = NJ(7TT2/40) ; Nj = 2.5. The number densities for g, q and q

are:

Tig = XgQ\T S

n, = Ag61r3exp(-a

«j = Â 6

O! = 16 C(3)/TT2

0; 61 = 9 C(3)iV

1 #^ f'VTli — T 1
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The baryon conservation equation is

(nq — riq)t = const

The set of rate equations (1) to (4) have been solved by numerical integration using fourth
order Runga-Kutta method. We have seen that the above approximation is valid for x < 4
as the terms containing x in the rate equation qq v^ gg and vice versa get cancelled .

0.60

0.40

i
.0.20

o

0.

=-09. V=-02)

.0

Figure 1: Time dependence of temperature T,the quark
fugacities (product ) XQQ and gluon fugacities Xg at
RHIC energies.

The evolution of the temperature and the quark and gluon fugacities at RHIC energies
for Au+Au collisions are shown in fig. 1 with initial conditions Xg = 0.09,A, = 0.02. In
the presence of finite baryons (x ^ 0), though a full equlibration of the parton phase space
density is not reached, it is interseting to note that the gluon fugacity increases at a slower
rate for x = 3 compared to that at x — 0. This is compensated by the faster increase in
XQQ (qq) (quark and anti quark fugacities) for x — 3 than for x — 0 as shown in the figure.
Since the chemical equilibration for q and q at x = 3 becomes faster compared to that at
x = 0, the temperature of the Quark Gluon Plasma decreases at slower rate compared to
x = 0 case. Since the temperature falls at slower rate for x = 3, the dilepton production
from the plasma with non- zero baryon density will be enhanced in comparison to the
baryon free plasma[3]. Further calculations are required to examine the implication of the
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present results on the di-lepton production rate from the plasma with non-zero baryon
density.

1. T. S. Biro, et. al. , Phyc. Rev C48 ,1275,(1993).

2. A. Dumitru et. al., Phys. Rev. Lett 70, 2860, (1993) and reference there in.

3. A. K. Mohanty,K. Kumar, ICPA,QGP97, Jaipur.

Effect of Nonlocality on Sub-barrier Fusion

S. V. S. Sastry, A. K. Mohanty and S. K. Kataria

It is well known that the sub-barrier fusion enhancement and the broadening of fusion
spin distributions can not be explained on the basis of a simple one dimensional barrier
penetration model (BPM) alone using local ion-ion potential. However, the colliding
nuclei are complex fermionic structures and the nonlocal term for short ranged exchange
part of the interaction is therefore essential in the mean field description of these systems.
This nonlocal effect can be incorporated in a simple way in BPM in terms of a reduced
mass which has a lower value up to the barrier position Rb and beyond which it resumes
it's normal value [1]. Using this approach, Galetti et al. [1] and more recently Dutt et
al. [2] have explained large sub-barrier fusion enhancements. In all these calculations,
the authors use an expansion of the effective reduced mass up to first order which is
not valid for a large value of non local parameter (b) often necessary to fit the data [1].
Using the same approach we show here that such a large enhancement claimed by Galetti
et al. is an artifact of the approximation. Further we show that this model, although
explains experimental fusion enhancement, can not reproduce the dynamical effect of
coupled channel calculations. The fusion penetration probabilty and the action integral
(S) at energy E and angular momentum / can be written as

V, ;&) = ' ~E>dx

Here, Vt — Vi(x) + Â  is the potential in the eigen channel j3 and the total transmission
is the sum over all eigen channels with appropriate weights. However, in one dimensional
BPM calculations, one uses Xp = 0. The nonlocal effect can be incorporated by using
fi(x;b) = fi,x > Rb and ft(x;b) = n/(\ + fb2),0 < x < Rb where f is proportional to the
attractive nuclear potential at Rb and b is the non locality range of the order of 1 to 2
fm. Using parabolic barrier approximation, Eq. (1) can be written as

, Vf; 6) = [l + ^ ( ^ - £ ) ] " ' (2)
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with D{b) = 1 + — (3)

for small b value as used in [1]. Eq. (3) shows that the maximum value of D(b) is
unity. It is not possible to get large enhancement as claimed in [1,2] even for large value
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Figure 1: BPM and coupled channel calculations with
(NLl and CCNL) and without (BPM and CCFUS) non-
local effects for 19F +232 Th system. Fig. l(a) for exci-
tation function and l(b) is for its mean spin .

of b. In the effective fusion barrier model of Sahu and Shastry[3] , they consider V(x)=0
for x < R and found that the value of R needed to fit the fusion data, extends much
beyond the barrier position . In a similar spirit, we relax the condition in Eq. (1) such
that y. = fif up to some radius Rj with a large value of 6 . It can be mentioned here that
this simulates the effective fusion barrier of Ref. [3] only and should not be identified to
be due to nonlocal effects alone. In general Rj turns out to be more than Rb, which can
be justified as fusion is initiated much beyond the fusion barrier due to neutron flow or
neck formation. We have used Rj = 12.5 fm ( /?t=11.7fm ) and a large b value to fit
the data (see the curve NL2) up to a range where a normal coupled channel calculation
also gives the similar enhancement ( curve CC ). However, it is interesting to note that
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although both NL2 and CC give similar enhancement up to « 0 . 1 mb level, they differ
significantly at deep sub-barrier energies (Fig. l(a,b) ). Particularly, the bump due to
channel coupling can not be reproduced by the BPM calculations with nonlocal effects
alone. The results of coupled channel calculations with nonlocal corrections (with R/=Ri)
are also shown in Figs, (la; lb) (curve CCNL).

1. D. Galetti and M.A.C. Ribeiro, Phy. Rev. C50 (1994) 2136 ; C51 (1995) 1408.

2. R. Dutt, T. Sil and Y.P. Varshni, Phy. Rev C54 (1996) 319.

3. B. Sahu and C.S. Shastry, Jour. Phys. G19 (1988)L149

On the use of the CRC CODES For Heavy Ion Fusion
S.V.S. Sastry, S.K. Kataria, A.K. Mohanty and I.J. Thompson*

* Department of Physics, Univ. of Surrey, Surrey GU2 5XH, U.K.

The coupled reaction channel (CRC) formalism is very successful in explaining the
heavy ion reaction mechanism. The CRC calculations for 16O+2O8Pb system using the
CRC code FRESCO [1] with a comprehensive coupling scheme as in [2], indicate the success
of CRC method in explaining the elastic and all the reaction channels simultaneously in
the energy range of 80 MeV to 102 MeV. In these codes, fusion can be obtained as the
difference of total reaction and the cumulative cross sections in all the non-elastic channels
explicitly included in the CRC method. The fusion estimates by this method are sensitive
to CRC input parameters, giving rise to convergence problem. As an alternate approach,
one can use the overlap integral method [3] to estimate fusion, since this is not so sensitive
to the attainment of exact convergence. The absorption of flux into fusion channel from
the coupled channel system is given by,

^ (l)

where the relative wave function is:

^ ) (2)

^ ^2 i> (3)

Here, xt(&<*> r) is the (relative motion) scattering wave function in the channel a. The
quantity Xa,i(k,r) of Eq. (2), represents its partial wave decomposition. In the following
CRC calculations, couplings to only four inelastic channels were taken into account with
different imaginary diffuseness parameters. The fusion optical potential parameters for all
channels consist of short ranged imaginary potential (Woods-Saxon square form) of depth
10 MeV and 1.0 fm range. As mentioned before, at low energies the fusion obtained by this
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difference of cross sections method is very sensitive to radial step size, maximum radius
and convergence limits for S-matrix elements (Rmax and SS parameters in FRESCO). In
order to get convergent results for fusion by this difference method, it was necessary to use
a large Rmax value, a small step size and very low SS limits, with large computation time
and memory requirements. At sub-barrier energies, the reaction and the fusion exhibit
sharp fall in their (-distributions for the case Rmax =17 fm. Semi-classically, as / is the
product kRmax of Rmax and the local wave number, a smaller value of Rmax results in the
artificial cut-off in the partial wave distribution.

Fig. 1 shows the Rmax dependence of reaction (solid curves) and fusion (dashed curves)
/ distributions obtained by this difference method.
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Figure 1: The Umax dependence of reaction (solid
curves) and fusion (dashed curves) / distributions ob-
tained by this difference method.

These /-distributions converge for large values of Rmax (depending on energy and
type of couplings). It is seen from the figure that the fusion cross section for large l-
values decreases in magnitude in a manner especially dependent on Rmax, showing the
importance of this parameter for fusion calculations. For the case of full coupling scheme
and parameters as used in Ref. [2], Rmax should be as large as 50 fm for 76 MeV incident
energy in order to get converging results for fusion by this difference method. For this
case, the fusion < L2 > « 700ft2 for Rmax =17 fm and converges to 60ft2 for Rmax =50
fm. However, these problems are less serious in the absorption integral method for fusion

74



as given by Eq. (3), which avoids the need for accurate determination of various S-matrix
elements. In this method, the fusion estimates give reliable results ( < L2 > ~ 50ft even
for Rmoi =17fm, showing the merits of this method for fusion at low energies.

1. I.J.Thompson, Comput. Phys. Rep. 7 (1988) 167

2. I.J.Thompson et al. Nucl. Phys. A505 (1989) 84

3. G.R.Satchler et al. Ann. Phys. 178 (1987) 110

Modified WKB Transmission For Fusion
S.V.S. Sastry and S.K. Kataria

The heavy ion fusion predictions of WKB transmission method at deep sub-barrier
energies have been shown to differ from the results of an optical model (OM) calculation
with short ranged imaginary fusion potential [1]. As a result, the predictions of coupled
channel codes based on WKB transmission formula (for example CCFUS [2]) will not be in
agreement with the results of CRC code FRESCO [3] based on OM, at very low energies.
The radial distribution of flux absorbed (A(r)) in OM extends beyond the barrier position
and the partial wave distribution is,

a i = ^ ¥ { 2 1 + 1 ) [ { L R b + O \u'(r)\2w(r)dr ] = *i(i)+°tRA (o
a\ ' can be approximated by the WKB transmission of flux through the real barrier,for

small Wo- The term, a-f/RA represents the long range absorption (LRA). At deep sub-
barrier energies using WKB approximation one gets,

4 ° « £ (2/ + 1)T{
WKB ; a[RA = C, f°° dr exp(-Kr + 2 f k{r')dr') (2)

with Ci = -10 (21 + 1) fracn/k2 fracS/hvWoe
Kri (3)

and k(r') is the local wave number in the presence of Coulomb and Centrifugal po-
tentials and K = I/a,- is the inverse of diffuseness of W(r) in Eq. (1). In the presence of
channel couplings, the WKB transmission in CCFUS can be modified as,

<7,(m) = ^ ( 2 / + 1 ) 7 ^ + a\RA (4)

Here, Tf c is the transmission from unmodified (WKB method) CCFUS code which
includes all the effects of channel couplings. The second term a\RA evaluated for elastic
channel following Eq. (2). It has been verified that the results of modified CCFUS code
compare well with CRC results using FRESCO, indicating that the proposed modification
is a good approximation for the results of realistic CRC codes. Using this modified CCFUS
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Figure 1: Fusion excitation function (l(a)) and its mean square spin
(l(b)) resulting from spherical and deformed imaginary potetials.

code, we have analysed the fusion of (u£?,19 F,2S Si)+232Th systems and the results are
in agreement with the trend of the experimental data of Ref. [4].

In the presence of static deformation of colliding nuclei, LRA part is estimated by
the absorption summing over all orientations afjRA of Eq. (4), leading to three possible
cases. The first case is corresponding to barrier transmission determined by deformed real
potentials with no LRA effects. This is represented by solid curve labelled CC in Figs.
l(a,b)

The second case is the absorption with LRA contribution without deformation of W
( open squares interpolated by solid curve). This is equivalent to simple optical model
calculation with spherical imaginary potential. The third case is for absorption including
LRA in the presence of deformation of W as shown by short dashes. As shown in the
figure, the channel coupling effects are important for near the barrier energies. The
LRA effects of OM approach are significant only at deep sub-barrier energies which shift
to lower energies in the presence of static deformation of the imaginary potential (see
short dashes and squares). Therefore the modified CCFUS code has the channel coupling
effects, the optical model LRA effects, deformation dependence of imaginary potentials.
The importance of nonlocal effects on deep sub-barrier fusion has been studied recently.
Further work is in progress for inclusion of nonlocal effects in CCFUS code.

1. S.V.S.Sastry et ai, Phys. Rev. C54 (1996) 3286

2. C.H.Dasso and S.Landowne, Comput. Phys. Comm. 46, 187 (1987)
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Near-barrier fusion analysis for 35C1 + target systems

S. K. Charagi and S. Kailas

Various mechanisms have been suggested to understand the near-barrier heavy-ion
fusion phenomena. The coupled channels approach of Dasso et al [l]and the neutron
flow picture of Stelson[2] are successful in describing a large body of data. Earlier these
two models have been employed to understand the systematics of the barrier parameters
deduced from analysis of the fusion data for 160 plus several targets[3]. In the present
work, the analysis is extended to fusion data available for 35C7 4- targets[4].

The barrier parameters B and RB are deduced using the expression arp = nRB(l —
BjE) at energies well above the barrier. For energies near the barrier the expression
aF = nR2

B(E - T)2/[4E(B - T)] is used for determining the threshold barrier T.The B-
T values obtained for all the systems under investigation are tabulated in Table 1.

Target

l'Al
™Ni
^Ni
62Ni
MNi
wZr
n2Sn
U6Sn
™Sn
124Sn
14lpr

B-T
MeV

2.7(.6)
2.7(.2)
3.7(.4)
3.7(.4)
3.6(.8)

4.7(1.9)
14.5(3.0)
9.4(2.8)
16.3(4.0)
7.5(3.0)
11.4(2.5)

Tabl
F'

MeV
0.55
0.71
0.81
0.79
0.71
0.70
1.54
1.42
1.08
0.99
1.22

e l :
Vn(Max)

MeV
11.9
13.9
13.1
12.1
11.6
13.1
12.6
11.5
10.4
11.6
13.4

S2n/2
MeV
12.0
11.2
10.2
9.2
8.2
10.6
9.5
8.6
7.8
7.2
8.7

VSN
MeV
0.0
2.7
2.9
2.9
3.4
2.5
3.1
2.9
2.6
4.4
4.7

As discussed in Ref.3, the effective coupling strength F' has been deduced for all the
systems using the beta values (only 1=2 for targets and 35C7) from ref.5. They are given
in Table.l. Starting with these T values and using the expression T = — VQexp{—Rrjo) +
ZpZt/Rr where VQ and a are the depth and the diffuseness of the nuclear potential,
the Rj values have been obtained.Following Ref.3, the maximum value of the merged
neutron potentials of the target and the projectile (Vn(max)) are calculated for this value
of /?x-The neutron separation energies (52n/2) for all the targets and 35C7 are computed.
For all the systems the VSN values defined &sVSN = Vn(rnax) — Sin/2 are calculated.
These values are also given in Table 1 for the projectile S-in/2 = 12.1 MeV.
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From a comparison of the B — T values with F' or VSN values ,it can be concluded
that both these approaches are fairly successful in describing the systematics, with the
former model[l] marginally better than the latter [2].. As expected the coupling strengths,
F' values are larger for the higher values of B — T.Similarly the VSN values are higher
for systems having smaller values of B — T. This observation is similar to that observed
earlier for 16O plus targets.

1. C.H. Dasso,S.Landowne and A. Winther, Nucl.Phys.A407,221(1983); R.A.Broglia
et al. Phys.Lett.B133,34(1983).

2. P.H.Stelson Phys.Lett.B205, 190(1988).

3. S. Kailas and A.Navin, Pramana. J. Phys. 41,163(1993).

4. P. Frobrich Phy. Rep. 116 (1984)6.

5. S. Raman et al. At.Nucl.Data.Tables. 36,1(1987).

Fixed-J level densities beyond spin cut-off approximation
B.K. Agrawal and S.K. Kataria

It is well known that the angular momentum (J) dependence in Bethe's formula for the
nuclear level density is based on the application of central limit theorem to the conditional
A/-distribution denoted as I{M\E). So that,

= I(E)I(M\E) (0)
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and 3

P'iSE U)

which gives,

mM\E)

where, <rj(E) is the variance of I(M\E) which is also called a spin cut-off factor and
Ii{E, J) is the fixed-./ level density with each level having degeneracy 2J + 1, i.e., I(E) =

J
It is known from previous works[l-4] that the Bethe's form for fixed- J level density (eq.

4) works well for low values of J. In particular for J > a, eq. (4) overestimates the values
of fixed-./ level density. We would like to investigate the cause of this overestimations and
modify eq. (4) in order to get a reasonable values of the fixed-./ level densities at all J
values.

In order to improve ./-dependence of level density, Paar el al in Ref. [2] have obtained
phenomenologically a modified closed form for ./-distribution of levels. However, we plan
to analyze in detail the deviations of M-distribution from a Gaussian form (eq. 2) and
improve upon it by including higher-order A;-moment terms in the Edgeworth expansion
for I(M\E). as discussed below.

We would like to use Edgeworth expansion for I(M\E), i.e.,

where, k'r denote here the conditional fc-moments, i.e., the A;-rnoments of the conditional
M-distribution I(M\E). Like Oj, the higher-order conditional moments k'4, k'6 and k's
would in general depend on the excitation energy. In the eq. (5), due to symmetry of
M-distribution, i.e., I{E,M) = I(E,—M), k'n vanishes for n odd in the expansion of
IEd(M\E).

It can be varified using eqs. (5) and (3) that

k' /« / + - \
Ie(E, J) - I(E)—j==== | _2 / c^ + -Z~TP\ { 7T^e5 [aj(E)j
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If we ignore the higher-order terms (i.e., terms with k'^, k'6 and k'8) then the above expres-
sion reduces to the Bethe's formula (eq. 4)).

We have already carried out a preliminary analysis[4] to check the suitability of the
expansion of It(E, J) given by eq. (6). Comparing out results with the corresponding
ones obtained combinatorially we find that the form (6) is quite reasonable for all J
values. Also, in Ref. [4] we have found that partition function for grand canonical
ensemble can be used to calculate the moments of I(M\E). This way one can calculate
not only the moments of I{M\E) for heavier systems for which combinatorial method
becomes intractable but it also allows the inclusion of effects of residual interactions as
demonstrated in Ref. [4].

In future, we would like to use the method discussed above and study the systematics
of crj, k'4, W& and k'8 as a function of excitation energy and mass number. This investigation
would lead to the parameterization of the moments of I(M\E) which can then be used to
calculate appropriate values of I({E,J).

1. C. Jacqemin and S. K. Kataria, Z. Phys. A324 (1986) 281.

2. V. Paar, D. K. Sunko, S. Brant, M. G. Mustafa and R. G. Lanier, Z. Phys. A345
(1993) 343.

3. D. Majumdar, B. K. Agrawal and S. K. Kataria, Nucl. Phys. A597 (1996) 212.

4. B.K. Agrawal and S.K. Kataria, Z. PHys. A356 (1997) 369.

Pre-scission neutron recoil effects in particle induced fission

Bency John and S. K. Kataria

In absence of pre-scission neutron emission, the total angular momentum vector / of the
compound nucleus formed by fusion of spin zero projectile and target is aligned in a plane
perpendicular to beam axis such that projection of / on beam axis, M, is zero. Pre-
scission particle emission will alter this alignment because the emitted particles impart
recoil angular momenta to the residual nuclei. Effect of this dealignment on fragment
angular distribution can be estimated if one knows the distribution of M values, P(M),
achieved prior to transition state. As noted in ref. 1, there are no methods available to
calulate this population function. We have developed a semi classical method to simulate
P(M) for the case of neutron evaporation from a hot rotating nuclei of known deformation.
In principle, this method can be extended to take account of different deformations the
fissioning nuclei encounters during neutron emission, prior to transition state.

The explicit calculation of the decay width for neutrons requires the knowledge of
transmission coefficient w(e,l,x) and level densities p(E*,I) , where e and / represent
energy and orbital angular momentum of emitted neutrons in the center of mass frame,
and x stands for all quantities not explicitly mentioned, such as mass , charge number,
nuclear deformation, and direction in space in which the particles are emitted. Ref 2 gives
the prescription for local value of w at a given point on the surface x'o and a given value of
the momentum jf of the particle. Here prime stands for quantities in rotating body fixed
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frame. The projection of orbital angular momentum on the quantization axis (rotation
axis, taken as 1') is same in both frames because they are aligned ie. l[ — l\ and t' = c.
For fixed (x'o, j/) various integer values of orbital angular momenta and their projections
are possible depending on the angle of emission. Local value of transmission coefficient
depends on the angle between the direction of emission and the direction of normal vector
at X'Q as shown in eqn 46 of ref 2.
To calculate P(M), following points are to be noted. Beam axis lies in a plane perpen-
dicular to rotation axis. Angular momentum components along 2-axis and 3-axis only
contribute to M. The equation

I2 -f I2 = /(/ -f 1) — I2 = 1(1 -f-1) — I'2 (1)

gives the circle of radius R = \/{l{l + 1) — ^i)- M takes integer values from -R to +R
with equal probability. To obtain P(M), averaging the values of M with transmission
coefficients as weights, over all orientations of /, energy spectra of neutrons N(c), and the
whole nuclear surface is essential.

We have performed calculations for P(M) for 229Np compound nuclei for spherical and

0.01 -

0.001
-20 -15 -10 - 5 0 5 10 15 20

Angular momentum projection (~/i )

Figure 1: Distribution of recoil angular momenta

scission shapes. We have also calculated P(/i), the distribution for / j , using the same
averaging procedure for comparison. The scission shape was calculated using Dumbbell
shape parameters with CTQ= 2.75 and &2= 0.32. The initial temperature of the compound
nuclei was taken as 2.78 MeV which corresponds to its formation in the reaction 220 MeV
20Ne -f209 Bi. Successive emission of five pre-scission neutrons, with Maxwellian energy
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spectra corrected fop temperature changes, was assumed. Final distribution of P(M) and
P(ii) were calculated by convoluting single neutron M and lt distributions. As stated ear-
lier, we have adopted a semi classical approach by not calculating the angular momentum
coupling coefficients explicitly.

Fig 1. shows the results. Continuous lines show P(M) and dashed lines show P(/i).
Plots for spherical and scission shapes are indicated. For sphere, both distributions are
nearly same as expected. For scission shape, both distributions are significantly broader.
In addition, P(/i) is slightly broader than P(M). Higher widths for P(M) and P(/i) are
expected since the average recoil angular momentum of the emitted neutrons increases
significantly with the deformation.
For spherical case the value of < M2 > increased from 1.24 h2 to its final value 4.23 h2

as neutron chance number increased from 1 to 5. Corresponding values for scission shape
increased from 3.9 h2 to 12.5 h2. Higher the temperature of the emitting nuclei, higher
will be the widths since the muliplicity and the average energy of neutrons increases.

1. H. Rossner et al., Phys. Rev. C 27, 2666(1983).

2. K. Dietrich et al., Z. Phys. A 351, 351(1995).

Alpha particle emission as a probe of dynamical deformations

Bency John, R. Singh*, K. Kumar, S. K. Kataria, and I. M. Govil*
* Physics Dept., Panjab University, Chandigarh.

Statistical model analysis of heavy ion fusion reactions assumes that the formation
time of the compound nucleus is much smaller than the life time of the compound nu-
cleus. This assumption is one extreme limit of the evolution process which in fact is a
continuous relaxation process, leading the composite system from the entrance channel to
equilibrated configuration. In symmetric entrance channels, and for collisions where cen-
ter of mass energy is well above the Coulomb barrier, formation time can be even larger
than decay time of the resulting composite system[l]. In such cases realistic approach
will be to couple the dynamical evolution of the intrinsic excitation of the composite
system to a time dependent statistical model calculation. Such calculations have been
reported where dynamical part is calculated using a realistic shape evolution description
of nucleus-nucleus collision based on the concept of one body dissipation [2,3]. However,
in these calculations the structure or shape of the forming compound nucleus at each time
stage in terms of its level density, and transmission coefficients for particle emissions have
not been considered adequately. This can result in major discrepancies in predictions
for all particle emission channels if formation time is com parable to or larger than the
decay time of the eventually formed compound nucleus. Study of alpha emission from
such systems have advantages because the emission barrier and the nuclear temparature
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Table 1: HICOL Calculations
System

55 MeV WB +89 Y

110 MeV l 6 O + 5 1 F e

140 MeV 2SSi +51 V

140 MeV 2SSi +27 Al

120 MeV 37Cl +09 Co

Formation Time
/ = 0,10~22sec

4.2

5.0

12.5

11.0

22.0

can be directly obtained from energy spectra as these quantities strongly depends on the
deformation of the emitter.

Experimental data on alpha particle energy spectra of the systems 55 MeV (10B+89 V),
110 MeV (16O +54 Fe), 140 MeV (2SSi +51 V) , 140 MeV (2SSi +27 Al), and 120 MeV
(37Cl +5 9 Co), have been reported in litreture [4,5,6]. The anomalies observed when
compared to standard statistical model calculations have also been discussed. We have
used HICOL code [7] to calculate the formation times and the dynamical deformations
for a number of partial waves for the above systems.

Figures l(a) and l(b) show the dynamical behaviour of elongation co-ordinate s, and
excitation energy E* respectively, for 140 MeV (28Si+ 27A1) system . It can be observed
that for high / values, trajectories do not lead to spherical compound nucleus instead
remaines elongated for long time and this is observed to be a general feature in all the
systems studied. Formation times for / = 0 for the systems studied is given in table 1,
where a systematic increase of formation time from asymmetric to symmetric entrance
channel is evident. The decay times of the eventually formed spherical compound nucleus
in the above reactions are around 15 x 10~22 sec. (It is quite resonable to expect much
shorter decay times for lighter compound systems while formation times remaining nearly
the same). In such situations, the decay width for alpha particle emission r a(e) where
e is the emission energy for alphas will have significant deviations from that of spherical
shape and as a result alpha spectral shape becomes sensitive to'dynamical effects. This
has been demonstrated for the system at 140 MeV (2&Si +51 V) where formation time
and decay time are nearly same[8]. In ref. 8, data on evaporation alpha spectra were
reanalysed in the framework of statistical model where dynamical effects are taken into
account. Revised calculations show good agreement with the data.
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Figure 1: Dynamical behaviour of elongation co-
ordinate and excitation energy
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7 MV Folded Tandem Ion Accelerator Project

Configuration:

FOTIA project involves conversion of the single stage Van-de-Graaff accelerator into
a folded tandem ion accelerator. It requires positioning two high gradient, compressed
geometry accelerating tubes in a column structure of the same diameter as the earlier
accelerator. It retains the high voltage terminal and the insulating gas tank of the Van-
de-Graaff accelerator. Inside the terminal a 180° magnet is being installed to select the
charge state before injecting the beam into the high energy tube. The use of SF6, instead
of the earlier used N2+CO2 mixture as insulating gas, allows the terminal to go upto 7
MV. The belt charging system is being replaced by a pellet charging system which gives
a better voltage stability.

The facility, when completed, would provide variety of heavy ion beams for the basic
and applied research.

During the period of this report a satisfactory progress was made in executing the
project. The items which got completed include: low energy beam line upto 70° magnet,
PC based computer control system, fibre-optic data telemetry system, installation of the
15 Ton circular crane and 1-m tank raising structure. The details of these systems are
given below. The other items which are in the process of development, fabrication, in-
stallation etc. are SF6 gas handling system, high voltage column section, 180° and 90"
analysing magnets, magnetic quadrupole triplets and beam steerers.

Injection system:

In FOTIA, negative ions extracted from a SNICS II source will be pre-accelerated upto
200 keV before being injected into the low energy accelerating tube through a combination
of a 70° magnet and a 20°-eletrostatic deflector. An electrostatic quadrupole triplet and
an einzel lens will focus and match the beam parameters to the acceptance of the low
energy accelerating tube. Beam Profile Monitors and Faraday cups are provided to help
in adjusting and focussing the ion beams and measurement of the intensity. Most of the
injection line components have been tested and installed (Fig.l). The SNICS II negative
ion source, high voltage ion source deck, pre-accelerating tube, alongwith ion source power
supplies and isolation transformer has been installed and tested. The cathode of the ion
source will be cooled by a freon based cooling system which has been'fabricated and
is ready for its use. The 200 kV power supply to be used for pre-acceleration of the
ion beams has been purchased from M/s Glassman, UK and tested. The beam handling
components like electrostatic steerer, beam profile monitors, gate valves and bellows, have
also been installed- Four 6 kV power supplies for first electrostatic steerer(ESl), received
from RCnD, have also been tested. They satisfy our specifications. The 70° magnet has
been received and tested for the absolute field and its uniformity. A magnetic field of
15 kG was realised at a current of 200 Amp which is consistent with our designed value.
The field uniformity, ±0.08%, is also found to be as per our specifications. The magnet,
with its vacuum chamber and 200 Amp power supply, developed by TPPED, has been
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Figure 1: injection line components.

installed in the beam line. A turbomolecular pump with speed of 1800 litre/sec is provided
to maintain the ultra high vacuum (RS 10~9 Torr) in the injection line upto 70° magnet.
The complete assembly (upto 70° magnet) has been aligned with laser before testing for
vacuum and installing in the beam line. The components (electrostatic steerer, beam
profile monitor, Faraday cup along with ion and sublimation pumps) between 70° magnet
and 20° electrostatic deflector are assembled, tested and are being installed. Other beam
handling components like electrostatic quadrupole triplet, steerer, 20° deflector, etc, which
are to be mounted before the low energy accelerating tube have already been fabricated
and are being tested.

Fibre-Optic Data Telemetry System:

For controlling and monitoring the devices of the complete injector system a local
console (Fig.2) has been fabricated and installed. This console is used to start and optimise
the ion source independently, after which the control is transferred to the remote control
system.

To communicate between the local console and devices located in high voltage areas
one needs a system which should be working through insulating medium and be immune to
large electrical transients associated with such systems. This can be achieved successfully
by using optical fibre for communucation. One such system has been designed, constructed
and implimented to communicate the data from 200 kV injector deck, which houses the
negative ion source. This system controls/monitors several parameters using a single fibre
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Figure 2: Local console system for the SNICS II ion source.

each for transmiting and receiving the data in a serial way. In this system the transmitter
part consists of a multiplexer to select one out of many parameters, 12 bit A/D converter to
digitize signals, parallel to serial converter for serialising the data, pulse width modulator
to modulate the data and sync signals. There is a supervisory circuit which controls
all functions sequentially and also provides channel address. The pulse width modulator
will drive the optical device which is optically coupled to optical fibre. At the receiving
end light pulses are converted back into electrical signals by appropriate optical device
coupled to optical fibre. These signals are then identified by demodulator according to
their pulse widths. The receiver consists of a demodulator, D/A converter, sample and
hold, registers and serial to parallel converter. The supervisory circuit, after identifying
Sync signal will receive the data signal and convert this back into an appropriate linear
or digital control signals.

The system has been installed and tested for controlling and monitoring the SNICS II
negative ion source parameters of the devices which are locatecd at 200 kV. At present
the system can handle the data at a rate of 400 sample/sec which is sufficient for the
present system. However, handling rate can be improved further by optimising the circuit
of the optical receiver.

Control and Information System:

FOTIA Control and Information System (FOTIA-CIS) and control panel (Fig.2) have
been designed, fabricated and installed by the Electronics Division, BARC, to monitor
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and control a large number of parameters from different locations (control room, ion
source room, etc.). The FOTIA-C1S incorporates CAMAC as front-end and has facility
for observation of parameters from remote locations and for assistance and training to
the operators. This has been designed as a Distributed Command and Control System
(DCCS), with distributed CAMAC crates to minimise cabling and commercially available
PCs. These PCs are connected over an ethernet providing high performance and econom-
ically effective solution for control and monitoring of accelerator parameters. The system
makes use of soft panel for control and monitoring replacing conventional mechanical
devices. An expert system will form part of the network which will help the operators,
maintenance personnel and users of the FOTIA in understanding and maintaining differ-
ent parts of the FOTIA system and sub-systems.

Figure 3: Control panel for the Folded Tamdem Ion Accelerator.

The operating system used is the QNX real time operating system. All interactions
have been designed using the QNX windows to provide menu driven and user-friendly
operations. The software functions are to provide operator interactions, scanning, alarms
display and printing.

P. Singh
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A Magnetic beam Steerer for 7 MV folded Tandem
Ion Accelerator

S. Santra, P. Singh and S. K. Gupta

For precise positioning of the beam coming out of the high energy accelerating tube
of the 7 MV Folded Tandem Ion Accelerator being set up at Trombay, a small magnetic
beam steerer has been designed and fabricated[l]. A simple but much superior magnetic
beam deflection technique, where the use of a motor stator type deflection coil with two
independent sinusoidally distributed windings spaced 90 mechanical degrees apart, is used
following the design by R. Benaroya et. al [2].

The number of plane loops (turns) of wire carrying the same current arranged parallel
to each other in the slots made per 10° on the inner surface of the 210 mm long, 157 mm
dia cylindrical iron core with aperture 77.2 mm, is No times the sine of the vertical angle
which creates an uniform vertical magnetic field of 340 Gauss. For the present system
the value of No is found to be 35 after multiplying the correction factors due to the finite
coil length and due to iron core to the value obtained for the infinite conductor placed
in air for a maximum current of 6 Ampere. The conductor used is of 18 SWG type and
the windings are isolated from the core and each other by the use of 3 mils thick mylar
insulation. Since the magnetic field in both vertical and horizontal direction is required,
a second set of identical coils is mounted on the same core but oriented 90° to each other.

Cooling of the coils is done indirectly by passing water through 6.35 mm hollow copper
tube placed on the body of the core. Each coil is provided with a thermostat set at 70°C
for interlocking the dual power supply (of rating 28 Volt, 6 Ampere).

Field uniformity calculated inside the gap region is better than 0.1%. The deflection
sensitivity is found to be 0.065 rad/(ME/q2)1/2.

A prototype beam steerer, supplied by the manufacturer, has been tested and some
modifications have been suggested to improve its performance. Delivery of the magnetic
beam steerers(12 nos.) is expected by Feb. 1997.

1. S. Santra et al., Conf. on Physics and And Technology of Particle Accelerators And
Applications (PATPAA-96).

2. R. Benaroya et al., Nucl. Instr. Meth. 10, 113 (1961).
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Pelletron Accelerator Facility

P. V. Bhagwat and M. Y. Vazc

14 UD Pelletron Accelerator Facility at TIFR is in operation since beginning of 1989.
During this period number of experiments were done, which has resulted in more than 125
papers in refereed journals. Accelerator utilization is very well supported by development
and installation of various facilities such as Data acquisition system, Scattering chamber,
Deep ionization chamber, Charge particle phoswich ball, Neutron multiplicity detector,
7 detector array, Doppler shift plunger arrangement for measurement of life time, BCO
set-up, intrinsic Ge detector and Recoil Mass Spectrometer for detection of evaporation
residue (ERs) following fusion in presence of elastically scattered events. General purpose
scattering chamber was constructed for study of nuclear scattering event and is use since
1989.

Recoil mass spectrometer which is nearing completion consisting of combination of
electric and magnetic fields in QQE - BE configuration having mass resolution 300.

100
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Figure 1: Performance Curve for 1995

Major machine break downs have been mostly inside the Accelerator tank. During this
period machine has been operating very well. The tank had to be opened for unscheduled
maintenance due to failure of changing chain twice during 1996 once in March 1996 (15
days) and November 1996 (6 days). Both the time the broken chain clocked more than
30,000 hours of operation. The tank had to be opened due to snapping of optical fibres
from 26th August to 13th September 95 (19 days) and breaking of carbon foils from
23.12.94 to 19.01.95 (27 days).
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Table 1:
1) Beam available for the experiments

2) Machine conditioning time

3) Maintenance

4) Break downs

1995-96

475 days

90 days

106 days

60 days

731 days

64.97%

12.3%

14.50%

8.2%

100%

Machine was conditioned to maximum of 13.5 MV without beam and it was operated
at 13 MV with beam. Buncher plus sweeper was operated for record time 320 hours,
continuously. Beam Chopper was introduced to get large time separation (3.2 7mlSec)
between two bunches. Machine operation performance for 1995 and 1996 is shown in fig.
1 and fig. 2.

Feb April June ftug Oct Dec

Figure 2: Performance Curve for 1996

Transmission between ion source to tank top Faraday cup was very bad. To improve
this low energy side beam line from tank top to ion source was aligned taking the refer-
ence from gas stripper canal and entrance slit of analyzing magnet, which improved the
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transmission dramatically. Machine was put off for 15 days for premonsoon maintenance
of ion source room and beam hall. The generator was removed from the casting to reduce
the load on rotating shaft bearing magnet.

Accelerator Laboratory
P.V. Bhagawat, P. Surendran, J.P. Nair and Hillary Sparrow

1. Design of the Terminal charge selector
Introduction

Among the various charge states produced by the stripper at the terminal of the 14 UD
Pelletron, only one is transmitted through the external beam analysis system to arrive
on target. The others load high energy tube electrically. This could be minimized by
using a suitable charge selection device at the terminal. As the high energy and low
energy accelerator tubes are aligned to a common axis in 14 UD Pelletron, an Off-set
quadrupole triplet could be a most suited charge selector. Moreover, second foil stripper
will be utilized more efficiently using a charge selection immediately after terminal foil
stripper.

otto i

EMtfmnf
1800 mk

mm

Figure 1: Beam trace through offset quadrupole

Working Principle
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In a normal quadrupole lens, beam enters the optic axis and ions of various charge
states get focussed on various points on the axis. So selectivity is poor. By applying
a dipole field, different charge states can be dispersed by bending them off the axis. In
the Off-set quadrupole triplet, the elements are off-set in such a way that they bend and
focus the beam simultaneously. The beam experiences equivalent dipole fields by passing
through the elements off-centered. The beam of desired charge state follows curved path
through the lens and returns to the axis. An aperture (which is the present capture in 14
UD Pelletron) is placed on the beam axis in the focal plane of the lens to select desired
charge state.

Design

The challenge is to design an electrostatic off-set quadrupole triplet of suitable size
which can be accommodated in limited space at the terminal. A computer programme for
ray tracing is developed by applying the necessary matrix formalism. The parameter such
as length, radius, off-set and drift between the elements are optimized for good resolutions
and stigmatic image at the specified distance. Ray trace through the charge selector
for ions of charge states +5, +6 and -f 7 and energy 14 MeV for a selected quadrupole
dimension is shown in Fig. 1. Fig. 2 shows modified configuration of components in
the terminal after introducing the charge selector. Mechanical design and engineering
drawing are at the final stage. F'ig-3 shows cross-section view of offset Quadrupole.

Figure 2: Schematic diagram of 14-UD Pel-
letron Terminal
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2. Generating Volt Meter (GVM)

This is an ideal device used to measure High voltage without loading the H.V. Source.
Pelletron Accelerator also uses a GVM for voltage measurement. We have designed and
fabricated a GVM on APPD's request for their 500 KeV industrial e- Accelerator.

Working principle

Voltage can be induced on a stationary plate (stator vane) by exposing it to H.V
electric field while the other plate is rotating (rotor vane) connected to the ground. A
constant RPM motor drives the rotor vane which gives a sine wave output (o/p). This
sine wave is rectified and taken for measurements. We used a 3000 RPM motor of 1/60
HP to drive the rotor.

ALL DMBWOIU Wtt K MM

Figure 3:
Selector

Cross-sectional view of Charge-
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3. Isolation Transformer
It is a device used to transfer power from ground potential to high potential. In

pelletron injector system ion source deck is powered by -300 KV isolation transformer
provided by M/S National Electrostatics Corporation. During last three years this trans-
former had some problems like insulation break down open winding, core vibrations and
resistance break down. To investigate the problem we made a perspex cage and an epoxy
moulded transformer was developed to withstand 150 KV. The arrangement worked well
as we could rectify the problems by observations. Now, this transformer is in operation at
-125 KV in ion source with minimum leakage current. The perspex cage is build inhouse
and helped in trouble shooting high voltage break downs in transformers. Similar one is
ready which will be used in cascade with the existing one to achieve higher voltage.

Electronics Laboratory at Pelletron Accelerator Facility .

M.Y. Vaze, V.V. Tambwekar, Ramlal, U.V. Matkar,

Ajay Kumar and M. Ekambaram.

A constant current power supply for magnet (such as analyzing magnet) was designed,
developed and made. The ratings for the power supply are 40 Volts at 150 Ampers and
long term stability is of the order of 10 to 15 PPM. It can be remotely controlled and
the parameters can be monitored remotely. It requires three phase AC supply of water
cooled type.

A PC based monitor and control system for various parameters of recoil mass spec-
trometer was designed and developed. It has two PC add-on cards with 16 CH multipexed,
12 bit ADC, 8 CH, 12 bit DAC; 16 CH digital inputs and 16 CH digital outputs. The
interface required between PC and RMS was also developed and made. A analog amplifier
unit was developed for the measurement of very low current nA to 7mA from Faraday
cup etc. The Search and Secure system for the beam hall of Pelletron was modified with
Audio-Visual alarm and emergency SCRAM buttons at various beam lines of the beam
Hall. This is a part of the safety interlock system.

Terminal foil stripper read back used to get affected due to sparks. To get over this
problem a modification in the read back was done. Electro mechanical counter used for
reading the foil numbers is brought out of the tank. The change singal from the relay is
taken down through optical fibre and given to electromechanical counter located at the
tank base. This has improved the foil stripper read back reliability.

Two portable unit for testing fibre optic cables inside the tank were developed and
made. One of them is the optical transmitter circuit and the other is the optical receiver
circuit with LCD read back. A plug in board consisting of 4 channels for analog and
status signals, optical transmitter and receiver was designed and made. These units are
very useful for testing the fibre optics system inside the tank.

95



Ion Source's Developement Work at Pelletron Accelerator
Facility

A.K. Gupta, R.M. Kale, S.C. Sharma, N.T. Jadhav

Recently, the ion source test stand optics has been modified by introducing a double
focussing 90" analysing magnet having mean bending radius of 35 cm. and mass energy
product of about 10 amu.MeV.

The SNICS (Source of Negative Ions by Cesium Sputtering) II, designed and developed
in the Ion source lab has been further modified. The ion source behaviour, particularly,
its stability, negative ion yields, and beam quality has improved definitively, so that this
sputter source can now be called a zero problem ion source.

The Radio frequency He" source (Alphatross) has been reassembled, tested and He"
beam given to the users for the first time after its acceptance test, satisfactorily.

The indigenous sputter cathode development programme at this facility has advanced
to the extent that we now not only fabricate Mono elemental-cathodes, but also the
multi elemental-cathodes, by making use of the 'systematics' developed in our lab. The
multiple3-lbeam3-lsputter cathode samples, which yield following combinations of the
beams (7Li'+ 19F~+ 16O"), (7Li" + 19F~+ nVr) {{\\~ + 12C~ + 19F~ + l6O~), (12C~
+ 16Q-+ 19p- + 32S-^ (1 H - + 16Q-+ 19 F - + 32S-^ (12,-- + 16Q- + 19p- + 32^-^

(lH~+ 1 60~ +3 2S" + 35C1-), ( n B - + 12C- + 12CN" + 28Si"), {l2C~ + 12CN" + 28Si~
+ «Ti") , (MNi- + l07Ag- + 28Si~ +16O"), (24Mg- + 63Cu- 16O") and various other
combinations have also been prepared and tested successfully at the test stand.

The typical negative ion yields of each element in the composite samples have normally
been obtained in the range of about few hundreds of nano-amps to few micro-amps, at
nominal running parameters of the SNICS (Source of Negative Ions by Cesium sputtering).
These yields are good enough to fulfill the demand of Tandem machine users. That the
introduction of the multiple-beam-sputter-cathode, not only saves the user's beam change-
over time but reduces the deconditioning of the ion source and vacuum systems too.

It is well established that gases can be sprayed in the SNICS, which not only expands
the number of ion species but, in certain cases, the yield of negative ion beams previously
available from solid sputter cathodes. Therefore, a Liquid Freon-cooled-gas feed-cathode
stem has been developed at TIFR workshop, to generate beams of low electron affinity
elements e.g.MgH", CaH~, TiH~, CN~, MnO~, and various other rare earth hydrides.

Work on electro static emittance measurement device is also in progress.

Since, SNICS readily produces molecular anions as well as certain class of atomic cluster
anions prolifically. Therefore, the Ion source test stand is also being used for carrying out
experimental measurements to study the break-up dynamics of these clusters. Besides
intrinsic interest, these on going cluster studies have also got potential applications as to
provide MeV atomic cluster Ion beams, and the elemental Ion beams with energies much
lower than otherwise possible even at lowest operational terminal voltage, after breaking
up these cluster anions at terminal gas stripper.
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Part of the above experimental results carried out in collaboration with Atomic
Molecular Physics group at TIFR, has already been published.

Ultra High Vaccuum Laboratory at Pelletron Accelerator
Facility

S. K. Gupta and Ramjilal

Two Cryo pumps for Recoil Mass Spectrometer Project (RMS) were commissioned and
installed on 20° deflector chamber of 1.86 mtrs. dia and 0.85 mtrs depth (Volume ~ 2300
litres) each and tested for an Ultra High Vacuum of less than 1 x 10~9 Torr.

Super conducting Buncher and cryostate resonator module and associated beam line
for Linear Accelerator programme of this facility were erected to establish UHV in the
beam lines.

Design, development, assembly and testing of Beam diagnostic and measuring compo-
nents like Faraday cup, Beam profile monitor, electrostatic steerer and Quadrupole triplet
were carried out for use at Pelletron Accelerator and FOTIA Project.

Low Energy injector section was realigned for better beam transmission. It involved
removal of beam line components, alignment, reinstallation and establishing UHV back
to the normal working pressures.

The turbo molecular pump in the ion source section , which failed after a long useful
service, was replaced by Diffusion pump.

On all the user beam lines ,manually operated beam lines valves were replaced by the
pneumatically operated, solenoid controlled valves and vacuum measuring gauges were
installed.

Sputter ion pump and Titanium sublimation pump were reconditioned on regular ba-
sis for ready replacement of beam lines. Sputter ion pump belonging to Nuclear Science
Centre, New Delhi were reconditioned and tested for less than 10~9 Torr pressure.

UHV lab gave support to all experimental groups in designing experimental chambers,
fabricating, cleaning and testing of test setups for establishing the UHV.

This lab is giving support to FOTIA Project in Fabrication, assembly and testing of
equipment and UHV lab.
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Digital Laboratory at Pelletron Accelerator Facility
S K Sarkar Q N Ansari and G Prabhakar Rao

Development of Fibre Optic data way for Pelletron Accelerator.

The devices on the terminal and on two dead sections of the accelerator are controlled
and monitored by using fibre optic data way for data transmission. The present system
uses one dedicated fibre for each channel of data and therefore 90 fibres are currently in
use for all the devices.

A fibre optic data way is designed and developed for testing the data encoding and
synchronising protocols. The system could multiplex 8 channels of data and send through
a single fibre. The system was successfully tested.

Application of 8051 Micro-controller for 64 channel data multiplexing.

In continuation of the earlier work done for multiplexing data through optical fibre,
further work is being carried out. The data encoding and synchronising protocols are kept
nearly same with minor improvisations. However, 8051 micro-controller is now being used
for accomplishing complex control algorithm for enhanced number of channels i.e. 64, to
be handled. Almost all control activities are handled by the micro controller and hence
hardware requirement is reduced to minimum.

In the present design, one micro controller is controlling both transmission and receiv-
ing of data. The speed of communication is also enhanced considerably. The prototype is
being fabricated. The resolution of ADCs and DACs are 12 bit. The micro-controller clock
runs at 11.0592MHz. The stream of data would be transmitted in the range of 3MHz.
Two complete cycle of operations will take 1 ms approximately. This speed criteria is
grossly governed by the existing CAMAC system real time.

On successful completion of this work, the system is expected to be commissioned in
the accelerator instrumentation and control system. It will not only reduce the number of
optical fibre links to merely four pairs but will also eliminate the individual channel-wise
frequency-to-voltage and voltage-to-frequency converters and all associated hardware such
as light link boxes in the terminal and dead-sections. Since it would reduce the number
of fibres, some feed-throughs to the tank would be free for other usage.

Development of Display Board for indicating device status of the accelerator
parameters.

A display board is fabricated to serve as a mimic panel for showing status of various
devices of the accelerator. The data is obtained from the database of the control program
and the board is activated through CAMAC signals. The main control program is suitably
enhanced for doing this job. A switching circuit is designed and fabricated for displaying
state of device by lighting appropriate LED. Addition of various alarms are also planned.

Upgradation of database of accelerator control

The database is further expanded to accommodate a few ion pumps in the beam lines.
Quadrupoles and steerers on the 0-degree extension line in the beam hall are also included
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in the database. Page displays are modified and new pages arc created.

General

Various computer related works of the group, such as software support, upgradation,
drafting of drawings, design of PCB for all in-house requirements, maintenance of Alpha
Hub and related works, are handled by us. All maintenance of PCs, Printers, Plotters, etc.
are done by ourselves. It eventually helped to develop good technical base and expertise
besides saving funds for not entering into AMC. Testing and maintenance of all CAM AC
modules are done using software and hardware which are developed in-house.

Superconducting LINAC Booster
B.Srinivasan and M.G.Betigeri; R.G.Pillay*, M.B.Kurup* and M.K.Pandey*

•T.I.F.R, Mumbai

The first accelerating module, which is a Helium cryostal housing four lead plated
Quarter Wave Resonators (QWR) was assembled and mounted on the LINAC beam line
for beam acceleration tests.

600

500

V)

85 90 95 100

Energy (MeV)

Figure 1: Energy gain with three resonators

For useful acceleration of the beam through the module, it is necessary to match the
resonant frequency of each resonator to a common reference. This was achieved for three
of the resonators by adjusting a mechanical frequency tuner attached to each of them.
The resonant frequency of the fourth resonator was about 150 kHz away from the mean
resonant frequency of the other three resonators. This deviation was beyond the available
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frequency tuning range (approx. ± 5 kHz) and hence this resonator could not be used for
beam acceleration.

The cryostat was connected in a closed-loop mode to the Helium liquifier which pro-
vided the necessary cooling for the resonators. The power dissipation for each of the
resonators was fixed at 6W using the variable power coupler. With a dc beam of Si8+

at 90 MeV injected into the module, an energy boost of 5.765 MeV was measured by
Rutherford scattering of the beam from a thin Au foil (Fig 1). One RF controller card
designed and fabricated by Electronics Division, BARC was successfully tested during the
run.

The second Helium cryostat has been fabricated and tested satisfactorily for vacuum
and leak tightness. Five more QWR's have been machined and are ready for the electron
beam welding of the central conductor/flange assembly to the outer can at CWS, BARC.

Estimation of gain variation in PHENIX muon tracking
chamber
B.V. Dinesh

Muon tracking chambers form a part of muon subsystem of the PHENIX detector and are
made of cathode strip readout chambers. The muon tracking chambers are located at three
positions along z-axis(along the beam direction), and the position information of these
station are used to reconstruct the track of the muons. Position information is obtained
from each chamber by measuring the pulse height induced on the adjacent cathode strips
by the avalnache produced in the anode wire. Depending upon the proximity of the
cathode strips to the anode avalanch the pulseheight of the strips would vary. These pulse
heights are interpolated to obtain the position information from these chambers. Hence it
is important to have the gains of individual strips matched. However, due to mechanical
tolerances there would always be variation in gain. Thus it becomes important to adopt
the fabrication procedure and choose the proper material so that stringent mechanical
tolerances are closely met. Calculation of detector capacitances were carried out for
PHENIX muon tracking chambers with the intention to estimate the gain variation that
may be caused due to mechanical tolerances. The gain (M) of a proportional counter is
given by M — kecv°, where C is the capacitance of the anode wire and Vo is the potential
of the anode, wire. The geometry of the detector assumed is shown in Fig.l, where Zi
is the anode to cathod spacing, Z2 is the distance between two cathod planes and Si is
the anode wire spacing. For a situation when cathode to anode spacing is comparable or
larger than the spacing of the grid wire one can make use of the principle of superposition
of electric fields of several grids[l]. For the geometry parameters of PHENIX detectors
and the flatness tolerance of 125 micron stipulated for the muon trackers the variation
in capacitance is found to be 5.43xlO"3. For typical gain of M = 106 ^ = ±7.5%. In
order to achieve the tolerance of 125 micron flatness the cathode planes were fabricated
out of Honeycomb panels using vacuum bag technique. The Aramid fibre honeycomb is
glued between 0.75mm Cu-clad G-10 skins on a flat granite table whose flatness is better
than 14 micron. Two test rectangular panels(600mm X 1200 mm) have been made and
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assembled with an anode plane in between them to make a prototype detector. This was
tested for the variation of gain. Both the panels were found to have an overall flatness of
200 micron.^Sr electron source was moved along the length and the relative peak channel
shift is found for every 100mm length. Total variation in the peak position coresponded
to a variation in gain of 15%. Further work is in progress to finalise the design of the
prototype detectors.

sense field s l

wfre wbe

Figure 1:

Developmental work concerned with Cathode Strip Chambers:
As a part of our collaboration efforts with PHENIX, BARC is being involved in con-
struction of various componenets for muon tracking chambers. Efforts are on to make
cathode planes for station-1 of the muon tracking chambers. These planes are of the size
approximately 4 x 4 and 0.5mm thick printed circuit board, with cathode strip patterns.
Inorder to handle large size PCB fabrication different methods are being tried. As an
alternative to conventional UV exposure in the fabrication procedure, preliminary trials
with sunlight exposure has given encouraging results.

1. W.Blum.et.al Particle Detection with Drift Chambers; Springer-Verlag.

Pattern recognition for PHENIX Muon Arms

D. Dutta, A. K. Mohanty ,R. K. Choudhury ,S.S.Kapoor and Phoolchand1

Computer Division.

Pattern recognition is one of the important aspects of the PHENIX muon tracking
detectors as the momentum resolution of muons depends on how well the tracks are iden-
tified from the set of the measured co-ordinates. Conventionally, principal component
analysis (PCA) technique is used [1] to identify true track candidates out of all possible
combinations. In this work, we show that the PCA method alone is not good enough for
large particle multiplicities, as many combinations of the co-ordinates not belonging to
the true tracks also qualify the PCA test. To overcome this probelm , we suggest a new
method based on a combined approach of both Principal Component Analysis (PCA)
and Artificial Neural Network (ANN). The simulated data for training and testing pur-
pose were generated using the simulation package PISA (PHENIX Integrated Simulation
Application) with a J / * event generator.The decay particles (fi+ and fi~) are tracked in
PHENIX muon arm consisting of three tracking stations,each having three substations,
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Figure 1: Performance of PCA and ANN technique.

which measure the x,y,z co-ordinates of muoris passing through them. For simplicity,we
have considered those cases in which muon pairs penetrate all the tracking stations. Thus
a single track of muon creates (9x3) i.e. 27 space points.Since the z co-ordinates are
fixed by const ruction,one is left with 18 co-ordinates for a given track.To mimic the true
experimental situation, the co-ordinates of different tracks were mixed up and the above
techniques were employed to pick up the true tracks from all possible combinations.

PCA does a simple transformation of the track co-ordinates such that the new co-
ordinates are equal to the eigenvalues of the co-variance matrix generated out of a large
sample data space. For an unknown tracks C = (Ci,C2, ••••Cjs) the following generalised
distance d was calculated

d=7zT,y 0)
lO • j Aj

Here 77/s are the transformed co-ordinates of a track and Aj's are eigenvalues of the co-
variance matrix, d is distributed normally with a mean value of unity and for a true track
candidate,one can put a condition that d < dmax.

Fig.l shows the percentage of true tracks accepted as a function of track multiplicity
for the PCA method.It may be noted that some false combinations also qualify the PCA
criteria for true tracks and their number increases with multiplicity. In order to reduce
the false track contribution, we suggest here a new method to use PCA along with an
ANN technique. A very simplified three layer Artificial Neural Network has been used,
having 18 input nodes, 18 hidden nodes and 1 output node. For training ANN, a set
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of sample data set is used with equal number of true and false tracks. ANN has been
trained using JETNET 3.4 [2] in batch mode. The output is assigned a value of either 0
or 1 depending on whether it is a true or flase track. It was found that ANN technique is
much more effective when the transformed co-ordinates from PCA are used. Therefore,
PCA output for d < dmax was given as ANN input. As can be seen from fig. 1 the false
track contribution are reduced significantly with combined method.

1. M.G.Kendall and A.Stuart, "The Advanced Theory Of Statistics" , 3rd ed.(ch. Griffin
and Company Ltd.,London, 1976) Vol-3,p294.

2. Carsten Peterson,T.Rongvaldsson and Leif Lonnbald,"JETNET 3.0-A versatile Ar-
tificial Neural Network Package",LU TP 93-29,CERN-TH 7135/94.

NEURAL NETWORK ESTIMATES FOR 14.6 MeV
NEUTRON INDUCED (n,p) and (n, a) CROSS-SECTION

B. P. Dubey1, S. K. Kataria and A. K. Mohanty
1 Reactor Control Division

In the last two decades several studies have been reported [1] to make the prediction of the
cross-section crnp of (n, p) reaction and the cross section ana of (n, a) reaction induced by
14.6 MeV neutrons which are essential for fusion technology. In one approach, predictions
of precise cross-section is based on the development of nuclear reaction codes which take
into account in a proper way, the contribution of statistical, direct, pre- equilibrium and
compound nucleus modes requiring appropriate optical model parameters and the nuclear
level densities . Another alternative and less laborious way is to bank-upon the systematics
of measured (n, p) and (n, or) cross sections as a function of the atomic number Z and
atomic mass number A of the nucleus. The use of standard statistical method , the
regression analysis, requires explicit knowledge of the functional form of this systematics.
In an earlier regression study, Forrest [1] proposed a statistical model to predict the cross
section for proton and alpha emissions by 14.6 Mev neutron induced reaction. Recently,
using the method of non-linear least squares methods, Gul [2] has arrived at a better
model to calculate proton and alpha emission cross sections. The difference between the
two studies arise as a result of different parameterisation of the underlying systematics. In
the present work, an Arificial Neural Network (ANN) approach based on back propagation
algorithm has been adopted to estimate the proton and alpha emission cross sections. We
have suggested a new error function to be used with back propagation algorithm based
on the Weighted Least Squares Analysis Method. The back propagation algorithm is
then modified to minimise the sum of weighted residual error squares. It was found that
minimising the sum of weighted residuals, as compared to the Least Mean Squares, (used
in all back propagation algorithms so far) provides a better estimate for the same training
and the test data sets of proton and alpha cross sections. Further it was also observed
that these estimates give much smaller values of chi-squares (x2) as compared to earlier
estimates obtained using regression analysis [1,2].
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Data
Trg Data (Proton)
Trg Data (alpha)

Test Data (Proton)
Test Data (alpha)

No. of Nuclides
96
96
171
114

Forest x2

3.53
182.55
3.31

175.96

Culx*
3.87
14.66
3.90
13.00

LMSx2

3.24
4.73
3.43
5.56

WLMS x2

1.35
2.50
2.06
3.19

We consider a simple fed forward neural network having input layer, one hidden layer
and out put layer. We chose a configuration with four input (NjZ,^, Sp) and two output
nodes (<Tna,O'np)- The network is trained to predict ana and anp simultaneously using
Z,N,5O and Sp as the input parameters for each nucleus where SQ and Sp are the separation
energies of alpha and proton respectively of the compound nucleus. We have used both
the LMS and WLMS method to minimize the error function used in the back propagation
algorithm. In the standard LMS method one minimizes the error function

1
(2)

where O,- are the outputs and d, are the targeted outputs. In present case, the desired
output di is the experimental measurements which have varying experimental errors o\
depending on the nuclei. Therefore, it is essential to minimize weighted least mean squares
(WLMS) instead of the simple LMS. We have derived the back propagation algorithm with
the following error function

£W
a?

Gul has listed the experimental values of anp and ona separately in two different tables
[2]. We have taken those nuclides for which experimental values of both anp and ana are
known. The values of Sp and Sa are taken from ref [3]. The ANN was trained to predict
anp and crna, using the standard LMS and the proposed WLMS algorithms. It was ob-
served from the study of the time dependence of the error function that the convergence
is achieved faster in WLMS based ANN than in standard LMS based ANN. The trained
ANNs were then made to calculate anp and ana for all the nuclides in the table from Gul's
work. The value of anp and ana were also calculated using the formulae of Forrest 1 and
Gul 2, and the corresponding x2 was calculated in each case for comparison. The results
are summarised in table, x2 values for training data (protron/alpha), mentioned in table
refers to the values of x2 for those nuclides which were used for training as well as for
testing the ANNs. x2 values for test data (proton/alpha) in table refer to the values of
X2 for a set of nucleides which include all nuclides. From the table , it is seen that the
X2 for ANN calculations is far superior than those for model based calculations, when the
test data for the ANN is same as the training data. Even when the ANN is tested with
the data, for which it was not trained, the performance of the ANN is still better than
that of a regression model based calculation. The performance of the WLMS based ANN
is always much better than all other calculations including LMS based ANNs.

1. R. A. Forrest, Harwell Report No. AERE-R1249, 1986.
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2. K. Gul, Systematics of (n, p) and (n, a) Cross Sections for 14 Mev Neutrons on the
Basis of Statistical Model, International Nuclear Data Committee, IAEA, Nuclear
Data Section, INDC(PAK)- 009, Distrib. : L, July 1995.

3. G. Audi and A. H. Wapstra, Nucl. Phys. A565 (1993) 1.

ANN Estimates Channel Power Distribution of a PHWR in
Real-Time

B.P.Dubey1, V.Jagannathan2 and S.K.Kataria
xReactor Control Division , 2Theoritical Physics Division

Several computer codes based on conventional software techniques have been developed
for analysing a large variety of Pressurised Heavy Reactors (PHWRs). These codes give
good result of an analysis but take very long time in producing the result of an analysis.
For example, the CEMESH[1] code, which simulates reactor core by diffusion theory in
two energy groups with the help of parameterised lattice data base, takes about 4 minutes
on PC-AT/486 to generate the distribution of power in all the 306 channels of the reactor
as a result of a perturbation caused by the movement of one or more of the 4 regulating
rods. Because of this, it is difficult to use conventional computer codes for real-time
analyses purposes. Expert system techniques employed by many researchers for several
applications is not expected to do better because of extremely large number of if-then
rules required for this application. A very huge rule-base has the risk of undergoing
combinatorial explosion and thus may be unable to produce result in reasonable time,
leave alone in real-time. Use of ANNs by several researchers in the diagnosis and analysis
of reactor states encouraged the authors to undertake a feasibility demonstration of the
application of ANNs to predict the channel power distribution in an Indian PHWR due
to change in the position of one or more of the four regulating rods.

In the present study, the 4 regulating rods of an Indian PHWR are referred to as
LE(Lower East), UE(Upper East), LW(Lower West) and UW(Upper West). The fully
inserted and fully withdrawn positions of a regulating rod is represented by 1 and 0
respectively. An intermediate position of a regulating rod is represented by linearly map-
ping its position in the range 0 to 1. The distribution of the channel power in all the 306
channels in kW is obtained by running the CEMESH program for a specified combination
of the regulating rod positions. All other parameters like the fuel type, moderator level,
fuel burn-up, refuelling, reactor geometry etc. were fixed to constant values for all the
calculations mentioned in the following discussion. Only the regulating rod positions are
considered as variables. The distribution of power in all the 306 channels of the reactor,
calculated by CEMESH is taken as the desired output for the ANN training. A par-
ticular combination of the positions of the 4 regulating rods form an input pattern for
the CEMESH as well as the ANN. A particular combination of the positions of the 4
regulating rods and the corresponding channel power distribution in all the 306 channels,
generated by the CEMESH is called an input+desired output pattern for training the
ANN.
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A study has been carried out to choose a suitable ANN architecture for analysing
channel power distribution of an Indian PHWR. The chosen ANN was trained using
several input+desired output patterns. After the training, the ANN is able to predict the
distribution of the power in 306 channels of the reactor as a result of a perturbation caused
by the movement of one or more of the 4 regulating rods of the reactor with reasonable
accuracy. The ANN calculations are much faster than those of the CEMESH code.

The 4 regulating rods mentioned above control the powers in 4 quadrants of the reactor.
In order that all the 4 quadrants generate nearly the same power, the regulating rod
positions are normally kept equal. However, when it is difficult to keep all of them at
equal positions, their positions may be kept nearly equal at least pair-wise. For the
purpose of the present study the 2 lower rods LE and LW form one pair and the 2 upper
rods UE and UW form another pair. The two rods of the LE-LW pair are generally
inserted or withdrawn together by an equal amount. Similar is the case with the UE-UW
pair. For the purpose of training the ANN, 25 evenly distributrd input+desired output
patterns were generated. This set is named as SY25. A set of 99 random input+desired
output patterns was also generated and mixed with SY25 to form a combination of 124
regular and random patterns named AS124. AS124 is used for training the ANN. Another
set of 150 random input+desired output patterns, named AS150 was generated for testing
the ANN. A set named SY121, consisting of 121 regular input+desired output patterns
was also genrated for testing the ANN.

The ANN was trained using the training set AS124. After training, the ANN was
tested using the test sets SY121 and AS150. The mean, the variance and the maxima of
the frequency distribution for the test set SY121 are 1.67The mean, the variance and the
maxima of the frequency distribution for the test set AS150 are 1.80%, 0.26% and 3.46%
respectively.

The above study shows that an ANN can predict the channel power distribution of a
PHWR accurately as a result of the movement of one or more of the 4 regulating rods
of the reactor. It is also observed that the prediction of the channel power distribution
by an ANN is relatively insensitive to the ANN architecture and the number of neurons
in the hidden layers, which shows the ruggedness of the ANN methodology. The ANN
takes about 650 milliseconds to generate the distribution of power in all the 306 chan-
nels whereas the CEMESH takes about 4 minutes for the same calculation, on the same
computer. That is, the ANN prediction is about 350 times faster than the CEMESH
prediction. This shows that the ANNs can be used reliably for channel power distribution
analysis in real-time applications.
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Structure and Composition of pulsed Laser Deposited ZnSe
Thin films

Madan Lai, T. Ganguli", B. L. Dashora*, P. Bhattacharya*, L. M. Kukreja*,
P. Bhatnagar* , H. S. Rawat*, and Ajay Gupta**

*Centre for Advanced Technology, Indore
*IUC, Indore

The wide bandgap of ZnSe(2.7eV) makes it a suitable candidate for blue light emit-
ters and display devices. We have deposited thin films of excimer(0.248 um) and Nd:YAG
(1.06 um) lasers. The targets used for depositions were op tically polished ZnSe slabs.
The deposition was carried out in high vacuum(10~6 Torr) on substrates of single crystal
GaS, glass and quartz plates at different temperatures ranging from room temperature
to 450 °C. The deposited films were characterised by low-angle x-ray diffraction, optical
absorption and x-ray fluorescence techniques. The films deposited on GaAs and glass
were polycrystalline in nature as observed by low angle XRD measurements. The peak
at 20-27. 2 deg was the highest intensity peak corresponding to (111) planes of the ZnSe
crystal. The other peaks observed were well matched with ZnSe(220), (311) and (211)
planes. The optical absorption spectra of ZnSe films grown on quartz substrates showed
an absorption edge at nearly 2.7 eV. This absorption edge matched with that of the ZnSe
target. Compositional analysis of the ZnSe films and the target was carried out by XRF
technique. The films deposited at different substrate temperatures were found to be stoi-
chiometric i.e the Zn to Se ratio was nearly one within the accuracy of the measurement.
The surface topography of the films as seen by scanning electron microscopy revealed that
some particulates of the size 1-10 pm were present on the surface. Work is presently in
progress to determine conditions suitable for deposition of epitaxial layers.

Trace element Analysis of a few selected pharmaceutical drugs
by Energy Dispersive X-ray Fluoresence

Madan lal, P. K. Patra and D. Joseph

A few selected Pharmaceutical drugs prescribed for different ailments arising out of defi-
ciency of trace elements are analysed for their elemental concentrations by Energy Disper-
sive X-ray Fluorescence(EDXRF). Ca, Ti, Cr, Mn, Fe, Cu, Zn, Br, Sr and Mo are some
of the trace and minor elements detected in the drugs Rbtone, Zevit, Calcimax and Preg-
nacare. The results of analysis of these drugs by EDXRF method with values specified by
Pharmaceutical companies of various nutrients after recovery from illness is met through
taking the prescribed diet supplemented by the drugs prescribed to compensate for the
loss of various trace elements. We have analysed a few samples of the four drugs Rbtone,
Zevit, Calcimax and Pregnacare using EDXRF method for determining their major and
trace elements.

nd Not detected
A-Rbtone, B-Zevit, C-Calcimax, D-Pregnacare, ns-not specified
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Table 1: Elemental concentartions(ppm) of Calcimax and Pregnacare specified by phar-
maceutical companies

Sample No

C-l
C-2
C-3
C-4
D-1
D-2
D-3
D-4

Ca
26.6%
26.7%
27.1%
26.5%
ns
ns
ns
ns

Mn
ns
ns
ns
ns

3073
3.369
3358
3694

Fe
ns
ns
ns
ns

46090
50504
50369
55411

Cu
ns
ns
ns
ns
1537
1684
1679
1847

Zn
2667
2661
2705
2646
30726
33669
33579
36940

Table 2: Elemental concentrations(ppm) of Rbtone, Zevit, Calcimax and Pregnacare
Sample No

A-l
A-2
A-3
A-4
A-5
B-l
B-2
B-3
B-4
B-5
C-l
C-2
C-3
C-4
D-1
D-2
D-3
D-4

Ca
13356
13152
19185
14101
10837
nd
1039
534
568
nd

17.98%
11.58%
10.46%
10.71%
nd
nd
nd
nd

Ti
nd
nd
nd
479
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
737
nd
nd

Cr
417
419
nd
369
340
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
170
nd
nd

Mn
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
817
2197
1866
2451

Fe
61991
61159
81255
66686
42614
112
26
308
296
174
307
169
189
314

44589
50094
37651
37384

Cu
18201
18505
24729
19696
16838
31313
56812
55180
55180
32263
2037
2611
2069
2529
1795
2251
1043
1344

Zn
96
92
136
155
112
nd
nd
nd
nd
nd
nd
nd
nd
nd

34821
38796
29365
32574

Br
nd
nd
nd
nd
24
nd
nd
nd
nd
nd
190
218
186
248
45
38
42
nd

Sr

32
29
40
nd

The values specified by the Pharmaceutical company and analysis by EDXRF to de-
termine the concentrations of the trace elements are shown in Table-I and Table-II re-
spectively. It is observed that the weights of the different samples of the same drug shows
a variation of about 5% from the mean value. Cr and Br are observed as impurities in
Rbtone. The concentrations of Fe and Mn are within 10% of the specified values by the
companies, where as variation is more than 10% in case of Cu. Deviation in the con-
centration of Ca from quoted values of Calcimax drug is observed to be very large. The
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dosage of trace elements prescribed by a physician for an ailment should be within the
prescribed limits for effective treatment. To observe the quality control of these drugs
in a pharmaceutical industry a rapid method of elemental analysis like EDXRF can be
useful.

1. A. Shenkin and G. S. Fell, Micronutrients, Biochemistry of hospital nutrition ed.
by A.M.J. Woolfson, Contemporary issues in clinical Biochemistry, 1986.

Studies of trace elements in Dietary intake of Selected group
of Indian Adults by Energy Dispersive X-ray

Fluoresence(EDXRF) Technique.

P.K. Patra and M. Lai

Trace elements are essential for the body since they cause chemical reactions that lead to
proper digestion, absorption of nutrients from food and production of harmones, therefore,
balanced diet should contain certain quantity of each of the essential trace elements.
The deficiency of these elements can be regulated to a certain extent by the body's self
regulating mechanism. In certain circumstances such as illness, the body needs to be
supplemented by certain drugs prescribed to compensate for the loss of these elements.
In general most of the people who consume a variety of food items in their daily diet are
better placed in obtaining the required amount of trace elements. For such a group of
people it is not easy to determine the exact quantum of trace elements in the diet due to a
variety of food items consumed by them during different seasons and because of different
eating habits of the people living in different regions. Moreover, the concentrations of
trace elements in the consumed food items considerably depend on the soil and other
environmental factors in the growth of the plant. In view of these observations, the
present study includes a group of manual workers who consume limited food items like
rice, wheat, bajra, jowar, onion, salt, chillies and banana in their daily diet. The limited
dietary intake of this group is due to social conditioning and low income. Samples were
prepared by adding cellulose to each of the finely powdered dried sample and the resulting
mixture is pressed into a thin pellet having a diameter of 2.5 cms. Each pellet of the
samples was run for a counting time of one to two hours. Of the five samples each of
rice, wheat, bajra, jowar, onion, salt and banana analysed to determine a few essential
trace elements like Fe, Cu, Zn and I the average concentrations of these trace elements
were determined assuming a consumption of 500 gms of cereal per day per adult. In the
case of common salt the daily consumption was taken to be 10 gm. For evaluating the
reliability of the quantitative measurements, we have taken an International Standard of
Pond Sediment . The matrix of the Standard was diluted by adding an equal quantity

of cellulose. The homogenised mixture of the standard sample was pelletised and counted
for two hours and the quantitative results obtained.

As per the Recommended Dietary Al lowances ( RDAs ) an adult needs1 10 mg of
Fe, 2 mg of Cu and 15 mg of Zn per day. There is a great variation in the absorption of
these trace elements in the body from various food items. Thus, measuring the amount
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of trace elements in the food we eat, is not much mcaninful unless this absorption factor
is taken into account. For example absorption factor in case of meat in diet is five times
higher than in the case of cereals and vegetables. Assuming an absorption factor of 5%
in the case of cereals, the bodily intake of Fe, Cu, and Zn are calculated taking the aver-
age value of each of the elements It is seen that the daily requirement of Fe can be met
through intake of only cereals in diet whereas Cu and Zn obtained from diet of cereals
is not adequate for this group of workers and is required to be supplemented by some
other additional diet. In case of iodine the daily requirement of ~200 /xgm is met through
the intake of iodised salt only. The manual workers use ordinary salt where Iodine is
not detected and is therefore much less than the daily requirement. From the present
study it is seen that there is a need for the manual workers to supplement their diet with
additional food relatively richer in these essential trace elements.

1. Len. Mervyn, Minerals and your health, Allen and Unwin, Ltd.

110



WORKSHOP -ENGINEERING SUPPORT AND FABRICATION OF
EQUIPMENTS

S.C. Ojha, V.B. Dixit , S.R. Sawant , J.S. Chawla

This Divisional workshop consists of Machine shop, Fabrication shop and Carpentary.
A design and drawing cell is attached to his workshop. It caters to the needs of following
divisions, under administrative control of Nuclear Physics Division . Divisionwise worko-
rders completed are as under :

1. Nuclear Physics Division (NPD) 138

2. Solid State Physics Division (SSPD) 266

3. Neutron Physics Division (NtPD) I l l

4. High Pressure Physics Division (HPPD) 88

5. Accelerator and Pulse Power Division (APPD) 129

6. Nuclear Research Laboratory (NRL) 8

7. Molecular Biology and Agricultural Division (MB and AD) 55

Creation of suitable facilities for experimentation in the field of basic research, re-
quires specialised skills and techniques. Proper understanding of objectives and close
interaction with scientists are essential requirements for fulfillment of experimental needs.
Equipment's quality , operational convenience and reliability play vital role in success of
the experiment.

Under upgradation of workshop facilites a precision high speed lathe HMT NH-22 is
being procured.

Some of the jobs done during the period of this report are given below.

COUPLED APERTURE ORIENTING DEVICE (Fig. 1)

In Solid State Physics Division the collimation of scattered light in the Photon Corre-
lation Spectrometer (PCS) was being carried out using two apertures of diameter 0.3mm
and 0.2mm, separated by 200mm. Aligning these two apertures with respect to the photo
multiplier (detector) and sample cell, was always tedious and time consuming. To over-
come this problem, a coupled aperture orienting device has been designed. The salient
features are, adjustment of position along X-Y-and Z axes by the knobs (1), (2), and (3)
orientation of centering in X Y and XZ plane can be done by micrometer heads (4) and
(5).

I l l
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DOUBLE MONOCHROMATOR SET U P ( Fig. 2)

This instrument to be placed in Dhruva Reactor is used for shifting the neutron beam.
A set of 3 monochromators (2). placed at 44° 45° and 46° to reflect the beam at about 90 °.
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another set of 3 reflectors is placed at a distance of 5 and 10 cm from the beam centreline.
The reflectors have an arrangement for 0.5° angular adjustment. This is achieved by an
eccentric and spring arrangement(3). The whole unit is fabricated in Aluminum.

BGO DETECTOR MOUNT and SUPPORT STRUCTURE ( Fig. 3)

This arrangement is required to support the detectors and electronic gadgets. The
detectors are used in Nuclear Physics experiment with Pelletron accelerator. There are
14 BGO detectors arranged in array and covering about 70% of the total solid angle of 4w
around the target. This mounting arrangement provides a facility to smoothly position
the detector around the target , controlling motion in X, Y, Z, directions. The assembly
also has provisions to hold electronic modules which is a necessary convenient feature .
The main components of the assembly are : Suppot table (1), Centering device (3), height
adjustment arrangement (4), outer support table (5), electronic module housing (6).

GAS TARGET C H A M B E R (Fig. 4)

This is a 345mm diameter stainless steel chamber used in the Nuclear Physics ex-
periments needing gaseous targets. Provision for holding particle detectors inside (These
detectors will detect the reaction products of the nuclear interactions). Main features are:
Provision for continuous gas flow (1), Dismountable foil holders at the beam entry and
exit points (2) and Sensing and detection connections (3).
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Fig. 4

MONOCHROMATOR SHIELD and TABLE FOR D X NS (Fig. 5)

This instrument is to be placed in Guide Tube Lab. A 10 cm dia 1.0 cm thick crystal
(9). placed on Ellurian Cradle (8). which contains X and Y motions . To bring the
crystal at the beam centreline, levelling arrangement with the help of nut and screws is
provided to the table (2). A rotating shield of i.d. 26 cm and o.d. 40 cm is mounted on
table . Beam diversion at 55° -f 10° is provided. The opening of the shield is adjusted to
required angle with the help of worm and gear (7). Manual drives for crystal are taken
out by flexible shafts. Outer shield casing (3) and (4) are fabricated from M.S. sheets
separate compartments are provided for lead and borated paraffin. Since the crane facility
is not available in the G.T. Lab. Shield is fabricated in two parts and mounted on two
Trolleys (1). The shielding weighs about 2 ton. When they are assembled together they
form a cubical struc- ture of 140 x 120 x 100 cm. Total structure is so designed that
direct streaming is restricted. This unit is placed in the gap available in the guide tube
supports.

PAPER CHROMATOGRAPHY APPARATUS ( Fig 6 )

This instrument has been designed to analyses large number of samples on an individ-
ual seed basis in quality improvement programme of seeds/crops like mustard , Soyabeans
linseed and sunflower . It has speeded up the reverse phase paper chromatography proce-
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1400 x1230

Fig 6

dure for separating the fatty acids. This instrument has not only brought down the cost
of sample analysis but also speeded up the analytical work. About 400 samples can be
analyzed per day . This apparatus consists of s.s. frame structure (1), spacers (2), papers
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Fig. 7

(3), paper clamping knob (4), sample making device (5).

OSCILLATING RADIAL COLLIMATOR ( Fig 7)

An Aluminium conical hollow box (2). having opening on face forming a 71° sector
at inner and outer radii 15.5 cm and 28 cm respectively. Box height is 8.6 cm. Grooves
of 0.8 mm wide and 5.0 mm deep 34 numbers at an interval of 2° are cut inside the box
to place the cadmium sheet (7). This box is fixed on M.S, plate which oscillates on fixed
plate(l). within the range of + 12° Steel balls are provided to reduce the friction . Worm
drive (8) is fixed on the collimator which is driven by the reversible dryton motor (10).

JOBS FOR FOTIA ( Fig. 8)

A 200 KV high voltage ion source deck set up fig .8 was made from 4" NB s.s. pipe.
The size of cubical is 1324 x 1324 x 1336.6 mm high with a provision to open it in two
halves. The height of the accelerating tubes required raising the tank base plate by one
meter height. An structure diameter of 1950 mm in 20 mm thick structural steel with
two flanges 20 and 25 mm thick at the ends and stiffeners fabricated in two halves. Detail
drawings, co-ordination with CWS , transport and erection at sight was done by this
workshop. The 15 Tons Crane was replaced. Dismantling and erection of Crane required
special planning because of large size of girders and restricted entry , erection of derricks
etc.The service platform was also raised by 1.2 meters . All the hoop rings, base plate,
dome support collar etc. were modified to suit the changed requirements. More than 50
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jobs such as suport columns, 70°. magnet support structure , heat exchanger, beam line
supports etc. were carried out for the project. Necessary services during dismantling of
old Van-de-Graff arrangement and erection of new items were rendered.

2C0 KV HIGH VOLTAGE DECK SETUP

Fig. 9
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SET UP FOR 5 KJ PLASMA FOCUS EXPERIMENT(Fig. 9)

This consists of a pair of coaxial cylindrical electrodes (8) and (9) separated by a
insulator placed inside square cross section s.s. vacuum chamber 3 with 130 x 450 mm
rectangular windows on all the four sides. A pair of L - shaped parallel Aluminum plate
trans- mission line (11), (12), (13) and (14) connects capacitor -spark gap unit to coaxial
electrodes . All electrical contacts are designed to ensure perfect surface joint by suffi-
cient material flow in 2.0 mm wide step pressed in to the mating flat surface by screws
and threaded holes fitted with S.S. helicoil inserts. Spacer (15) supports the L - shaped
plates and 4 numbers of tightening insulators (2) holds them pressed . The entire set
up is mounted on stand (1). Strict control over dimensions, geometry and tolerances are
essential for this experimental set up.

REGULAR PRODUCTION JOBS

A number of different types of counter bodies , collimators, cryostats etc. were made
for SSPD . Fabrication of components for KALI, RFQ accelerator and other jobs were
carried out for APPD. A cubical ion source deck , Neutron radiography camera , compo-
nents for cold fusion research work and other day to day requirements of Neutron Physics
Division were attended.

About 1000 graphs, charts , tracings etc. were made for presentation/ publication as
required by various users.
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QUASIELASTIC SCATTERING IN THE INCLUSIVE (3He,t) REACTION

Neelima G.Kelkar* and B.K.Jain

* Instituto Nazionale di Fisica Nucleare, Laboratori Nazionali di Frascati,
P.O Box 13, 1-00044 Frascati (Roma), Italy

The triton energy spectra of the charge -exchange 12 C (3 He,t) reaction at 2 GeV
beam energy are analyzed in the quasielastic nucleon knockout region. Considerinig that
this region is mainly populated by the charge exchange of a proton in 3He with a neutron
in the target nucleus and the final proton going in the continuum, the cross sections are
written in the distorted -wave impulse approximation. The t matrix for the elementary
exchange process is contructed in in the distorted-wave Born approximation, using one-
pion-plus- p -exchabge potential for the spin-isospin nucleon -nucleon potential. This t
matrix reproduces the experimental data on the elementary pn —> np process. The cal-
culated cross sections for the 12C (3 He,t ) reaction at 2° to 7° triton emission angle are
compared with the corresponding experimental data, and are found in reasonable overall
accord.

Phys. Rev. C53, 1851(1996)

DELTA DECAY IN NUCLEAR MEDIUM

B.K.Jain and Bijoy Kundu

Proton-nucleus collisions, where the beam proton gets excited to the delta resonance
and then decays to p7r+, either inside or outside the nuclear medium, are studied. Cross-
sections for various kinematics for the (p,p'7r+) reaction between 500 MeV and 1 GeV
beam energy are calculated to see the effects of the nuclear medium on the propagation
and decay of the resonance. The cross-sections studied include proton energy spectra in
coincidence with the pion, four momentum transfer distributions, and the invariant p7r+

mass distributions. We find that the effect of the nuclear medium on these cross-sections
mainly reduces their magnitudes. Comparing these cross-sections with those considering
the decay of the delta outside the nucleus only, we further find that at 500 MeV the two
sets of cross-sections have large differences, while by 1 GeV the differences between them
become much smaller.

Phys. Rev. C53, 1917 (1996).
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MULTI-PROTON EMISSION IN A REGION IN
CHARGE-EXCHANGE REACTIONS.

B. K. Jain and Swapan Das

Energy spectra of the forward going ejectile, detected in coincidence with two and three
protons in (p,n) and (3He,t) reactions, have been calculated for a 12C target nucleus. We
picture the incoming projectile emitting a beam of virtual pions, which subsequently gets
absorbed by the target nucleus. Using a pseudovector pion coupling and the eikonally
distorted beam and the ejectile, the cross section is written in terms of the absorption
cross section of pions in the nucleus. We approximate this cross section by the measured
(7r+,2p) and (7r+,3p) absorption cross sections for a real pion. The calculated spectral
shapes agree well with the measured ones.

Phys. Lett. B 386 33 (1996)

CHARGE- EXCHANGE n p SCATTERING

Neelima G. Kelkar* and B.K.Jain

* Instituto Nazionale di Fisica Nucleare, Laboratori Nazionali di Frascati,
P.O Box 13, 1-00044 Frascati (Roma), Italy.

We have studied the charge -exchange p(n.p)n reaction for neutron beam momenta
from 0.605 GeV /c to 105 GeV/c. The t-matrix is con- structed using a one pion-plus
rho-exchange transition potential. The differential cross-sections are calculated in the dis-
torted wave Born approximation and are compared with the available experimental data.
The data on the t-distributions upto 20 GeV/c are reproduced well within our model at
all values of the momentum transfer t.

Nucl. Phys. A (in press)

NONFACTORIZATION IN HADRONIC TWO-BODY
CABIBBO-FAVORED

DECAYS OF D° AND D+

A. N. Kamal* , A. B. Santra, T. Uppal1 and R. C. Verma2

*University of Alberta,Canada;
1 Fairfield University, Connecticut,USA;

2 Panjab University,Chandigarh

With the inclusion of nonfactorized amplitudes in a scheme with Nc = 3, we stud-
iedCabibbo favored decays of D° and D+ in to two body hadronic states involving two
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isospins in the final state. We have shown that it is possible to understand the measured
branching ratios and deterrmine sizes and signs of nonfactorized amplitudes required.

Phys. Rev. D53, 2506 (1996)

NONFACTORIZATION AND THE DECAYS D+ -+ <j>n+, <t>p+ AND <f>l+ui

A. N. Kamal* and A. B. Santra
•University of Alberta,Canada;

Using the experimentally measured values of x = A2(0)/A\(0) and y = V(0)/Ai(Q)
and the measured ratios Rs, = F{Dj -> (f>l+v,)/r(D+ -> <t>ir+) and Rh = r(/ ;+ -+
4>p+)/r(D* —>• 4>ir+), we present evidence of significant nonfactorization contribution^
the decay amplitudes for Df —> (f>n+. We analyze the role of nonfactorization in Df —>
<t>p+ and conclude that present data on Ru are consistent with factorization in D+ -*• < /̂9+.
A measurement of polarization in Df —> <j>p+ would greatly assist our analysis.

Z. Phys. C71, 101 (1996)

NONFACTORIZATION AND COLOR-SUPPRESSED B -» 0(V>') + /\ (A")

A. N. Kamal* and A. B. Santra
•University of Alberta,Canada;

Using a value of az = 0.1 ± 0.03 in a formalism which uses Nc = 3, we show that
one can define an effective 02, which includes the contribution of nonfactorized effects,
for color-suppressed decay B —t ipK. We determine the magnitude of this effective 02,
which is process-dependent and, in genera, complex, in certain commonly used models of
form factors. We analyze the color suppressed B -> tyK* branching ratio and longitudinal
polarizatiion and demonstrate that nonfactorization effects are needed to understand these
data in certain commonly used models of form factors. We extend the analysis to color-
suppressed decay B —± ifi'K*, where ifr' = ip(2S), color-favored decay B° —> D*+p~ where
we demonstrate that factorization scheme works well

Z. Phys. C72, 91 (1996)

HADRONIZATION DURING QGP PHASE TRANSITION

A. K. Mohanty and S. K. Kataria

The hadron multiplicity distributions and factorial moments are studied in the frame work
of Landau theory of phase transitions. The factorial moments show a scaling law with a
scaling exponent u which characterizes the intermittericy properties of the hadron phase
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for T <TC (or Tt) where Tc (or Tt ) is the transition temperature for second (or first ) order
transition. The scaling exponent v is weakly dependent on the free energy parameters as
well as on temperatures. It is shown that v remain practically constant in the hadron
phase for which T < Tc or T < Tt whether the transition is second order or first order of
second kind where the free energy expansion includes cubic term. This universality in the
scaling exponent is also maintained above Tc over a wide range of temperature even if the
transition is strongly first order of first kind where the free energy expansion has only even
order co-efficients, except around the critical temperature Tt where Tt > Tc. Therefore, the
scaling exponent v is rather more universal and only indicates the presence of a possible
phase transition. It is further shown that the hadron multiplicity distribution is quite
sensitive to the free energy parameters. The study of hadron multiplicity distribution
at various resolution or bin size reveals more information about the dynamics of the
phase transition. The calculated hadron multiplicity distributions are also compared with
the Negative Binomial Distribution, often used to explain the experimental multiplicity
distributions.

Phy. Rev. C53 ,887 (1996)

UNDERSTANDING THE ANOMALOUS FISSION FRAGMENT
ANISOTROPIESIN HEAVY ION REACTIONS IN THE

DYNAMIC TRAJECTORY MODEL

R. K. Choudhury, A. Saxena and K. Kumar

Dynamic trajectory model was used to calculate the fusion and non-fusion trajectory
in the 10B, 12C, 16O, 19F + 232Th , 237Np reactions. It was seen that for certain systems,
there is a /-window (above fusion /-value ) for which the trajectories are characterised
by large mass exchange and energy relaxation(fission-like ) before the system undergoes
symmetric split. The fission fragment angular distributions were calculated as an admix-
ture of these two class of events (fusion and non-fusion ), which is then able to explain
the anomalous angular anisotropies observed experimentally for various systems.

Z Phys. A356 (1996)

THE OPTICAL MODEL APPROACH FOR HEAVY ION FUSION

S.V.S. Sastry, S.K. Kataria, A.K. Mohanty and I.J. Thompson*
" Department of Physics, University of Surrey,

Guildford, Surrey GU2 5XH, U.K.

The differences between optical model (OM) and the barrier transmission approaches
for fusion are studied in detail at low energy. In the heavy ion case at deep sub-barrier
energies, absorption mean square spin of an optical model calculation using a short ranged
imaginary potential differs significantly from the results of the WKB transmission method.
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This discrepancy of OM results is shown to be due to absorption occurring beyond the
barrier position. The Coupled Reaction Channel (CRC) calculations for fusion based
on OM approach are shown to be sensitive to the choice of imaginary fusion potentials,
whereas the coupling effects on fusion are dominant for energies only around the barrier.

Phys. Rev. C54 (1996) 3286

EFFECTIVE POTENTIALS AND THRESHOLD ANOMALY

S. V. S. Sastry and S. K. Kataria

The strong L dependence of the effective elastic channel potentials, obtained from the
Coupled Reaction Channel (CRC) Calculations, is shown to be implicit radial kinetic en-
ergy ( e ) dependence. It is also shown that this effective potential satisfies the dispersion
relation in t variable at the strong absorption radius. Further, the experimental data for
both elastic and fusion channels are consistent with this L-dependence of the correspond-
ing effective potentials. The effective transfer channel potentials derived using CRC code
FRESCO are shown to exhibit strong energy dependence as a result of couplings. The
energy dependence of effective transfer strength for 160-f 208Pb and 16O+232Th systems is
determined using the experimental transfer angular distributions.

Pramana 46 (1996) 357

UNUSUAL REFLECTION FROM STEP BARRIERS

Zafar Ahmed

We show that step barriers of the type {V\ + V2[l — f(x/a)]}0(x), where /(0) = 1 and
/(oo) = 0, may have a pronounced single dip in the reflectivity. This unusual feature is
shown to be the result of an almost destructive interference of multiply scattered waves
inside the step barrier.

Phys. Lett. A 210 (1996)1

NONLINEAR DYNAMICS OF HIGH-j CRANKING MODEL:
A SEMICLASSICAL APPROACH

Sudhir R. Jaina, Ashok K. Jain6 and Zafar Ahmed

a) Theoretical Physics Division, B. A. R. C. , Bombay
b) Department of Physics, University of Roorkee, Roorkee

We present a comlete discussion of the dynamical scenario supported by the cranking
model for high-j orbital where we consider the effects of the no-linear terms. We carry
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out a semiclassical quantization about the various fixed points of the model and obtain the
alignment of particle angular momentum with the rotation axis under various conditions.
Further, we establish the occurrence of second-order phase transition accompanied by
a change of sign of aligned angular momentum. Possible applications of the model to
deformed and superdeformed nuclei are considered.

Phys. Lett. B 370 (1996)1

NONLINEAR DYNAMICS OF PARTICLE ROTOR MODEL AND
SUPERDEFORED BANDS

Ashok K. Jaina, Manisha Dudeja", Sham. S. Malik6 and Zafar Ahmed

a) Department of Physics, University of Roorkee, Roorkee

b) Department of Physics, G.N.D University, Amritsar

We present a comlete discussion of the nonlinear dynamics of the particle rotor model
for single-j configuration. We carry out a semiclassical quantization about the various
fixed points and present numerical results for the bands built at the stable fixed points
c±. These bands are observed to be rotational in nature and exhibit a weak oscillation in
gamma ray energies. Results are also presented for alignment and dynamical moment of
inertia. A comparison with the experimental data on superdefonned bands reveals several
common features.

Phys. Lett. B 392 (1997) 243-248.

MASS DEPENDENCE OF FRAGMENT ANISOTROPY IN
THE FISSION OF nB+2 3 7Np AND16O+209Bi SYSTEMS

L.M.Pant, Alok Saxena, R.K.Choudhury and D.M.Nadkarni

Measurements were caried out on mass, energy correlations of fission fragments for
the systems of nB+2 3 7Np at E,ofr=76 MeV and 16O+209Bi at E,o6=100 MeV at forward
and perpendicular angles of emission with respect to the beam direction. The fragment
anisotropy averaged over all fragment masses matches well for both the systems with the
standard saddle point statistical model calculations. Variation of the angular anisotropy
and total kinetic energy of the fragments were studied as a function of the mass of the
fragment pair. For the nB+2 3 7Np system, the fragment anisotropy is seen to be nearly
independent of the fragment mass, whereas for the 160+209Bi system, the anisotropy is
seen to decrease with increasing fragment mass asymmetry. The results are discussed on
the basis of the statistical model of the fragment angular distributions and mass division
in the fission process.

Phys. Rev. C 54, 2037 (1996)
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WIDE ANGLE MEASUREMENT OF 48 MeV 6Li PROJECTILE
FRAGMENTATION ON 197Au

R. Kannungo*, T. Sinha*, C. Samanta*, S. Roy*, A. Chatterjee,
and B.J. Roy

* SINP, Calcutta

The 6Li —)• a + d projectile breakup at E(6Li)=4S MeV with 197Au target is studied at
large relative fragment energies. Both inclusive and exclusive measurements are carried
out. The peaks corresponding to the protons and alpha-particles appear near the expected
beam velocity positions while the deuterons and tritons are shifted to lower energy values.
Calculations in the framework of both prior- and post-form distorted wave Born approx-
imation theories delineate an oscillatory structure for the exclusive cross section at larger
a — d separation angles in consonance with the data profile. The oscillation is found to
be a result of delicate Coulomb and nuclear interference. The distorted-wave analysis of
the existing data at E(6Li)=75 MeV, where Coulomb effect is smaller, show a different
feature altogether having no oscillation at larger angles. At larger angles, the factorisation
theory for uncorrelated events seems to hold better at 75 MeV incident energy than at 48
MeV. The implications of these results are discussed.

Nucl. Phys. A 599, 579 (1996).

INTERMEDIATE MASS FRAGMENTS EMISSION IN THE
REACTION 96 MeV 19F ON 12C

C. Bhattacharya*, D. Bandyopadhyay*, S.K. Basu*, S. Bhattacharya*,
K. Krishan', G.S.N. Murthy, A. Chatterjee, S. Kailas, and P. Singh

* VECC,CAlcutta

The energy distributions of the complex fragments (3< Z < 11) emitted in the reaction
19F(96 MeV) + 12C have been measured in the angular range 10° < 9(ab < 60°. The
lighter fragments (3< Z < 6) have been found to be emitted predominently due to the
asymmetric fission like decay of the compound nucleus, where as the heavier fragments
(Z>10) have been identified as evaporation residues. The shapes of the fragment energy
distributions, as well as the total elemental yields for lighter fragments (3< Z < 6) have
been explained fairly well by the asymmetric binary fission model. The binary fragment
yields from the reaction 19F(96 MeV) + 12C have been compared with those obtained in
Q(60 MeV) + 27A1 and 7Li(47 MeV) + 24Mg reactions, all producing the same composite
31P at same excitation energy. No significant entrance channel asymmetry dependence
has been observed.

Phys. Rev. C54, 1 (1996)
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FUSION AND TRANSFER REACTIONS IN THE 19F + l(irHo SYSTEM
AT ENERGIES NEAR THE COULOMB BARRIER

A. Navin, A. Chatterjee, S. Kailas, A. Shrivastava,
P. Singh and S.S. Kapoor

Results of the measurements of fusion cross sections and average angular momenta
in the 19F + 165Ho system, for center-of-mass energies ranging from 7 MeV below to 13
MeV above the Coulomb barrier are presented. The average angular momenta of the
compound system were obtained using three independent methods, namely, the 7- ray
multiplicity, the ratios of the evaporation residues, and the fusion excitation function. The
transfer probabilities for various one- and two- particle channels have also been measured
at a beam energy of 110 MeV, an energy much higher than the Coulomb barrier. The
measured Q-integrated one- and two- proton transfer probabilities have been analysed
in terms of an earlier suggested semiclassical calculation taking into account the nuclear
branch in addition to the usual Coulomb branch of the classical deflection function. It is
seen that the "slope anomaly" in the measured one- and two- proton transfer probabilities
as a function of the distance of closest approach can be explained within this framework.
The strengths of the form factors, required in a coupled channel calculation of fusion, for
the important transfer channels were obtained from the data within such a semiclassical
analysis. The observed enhancement of the fusion cross sections and average angular
momenta is discussed in terms of the coupled channel model using static deformation for
the target, inelastic excitation in the projectile, and couplings to the transfer channels.
The data are also compared with the neutron flow model suggested by Stelson.

Phys. Rev. C54, 767 (1996)

DISAPPEARANCE OF ENTRANCE CHANNEL DEPENDENCE OF
FISSION FRAGMENT ANISOTROPIES AT WELL ABOVE

BARRIER ENERGIES

R. Vandenbosch *, J.D. Bierman*, J.P. Lestone", J.F. Liang*,

D.J. Prindle*, A.A. Sonzogni*,S. Kailas, D.M. Nadkarni and S.S. Kapoor
* University of Washington, Seattle, USA

Fission fragment anisotropies have been measured to energies extending well above
the barrier for three entrance channels leading to the same compound nucleus 248Cf. For
the l2C + 236U and 1 60 + 232Th systems, lying on either side of the Businaro-Gallone
critical asymmetry, the mean square angular momentum is matched at an excitation
energy of 62 MeV. The anisotropies, although different at lower energies, are in agreement
within experimental errors at this excitation energy and thus show no entrance channel
dependence.

Phys. Rev. C54, 977 (1996)
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PUZZLING FEATURES OF HEAVY-ION FISSION AT
SUB-BARRIER ENERGIES

A. M. Samant and S. Kailas

The heavy-ion induced fission fragment angular distributions measured for systems
with Th, U and Np as targets have revealed "anomalous" values of anisotropies at energies
E < VB (fusion barrier) and this feature is observed to be independent of the entrance
channel mass-asymmetry. While this puzzling feature is exhibited by the deformed targets
like Th, U and Np, most of the fission data measured for the spherical targets like Pb and
Bi can be satisfactorily explained using the standard saddle point statistical model with
moderate correction for pre-fission neutron emission. Plausible reasons for this anomalous
behaviour are explored.

Z. Phys. A 356, 309 (1996).

RE-EXAMINATION OF THE NUCLEAR ORIENTATION MODEL
OF QUASIFISSION REACTIONS TO EXPLAIN ANOMALOUS

FRAGMENT ANISOTROPIES AT SUB-BARRIER ENERGIES.

N. Majumdar*, P. Bhattacharya*,D. C. Biswas, R. K. Choudhury,
D. M. Nadkarni and A. Saxena

* Saha Institute of Nuclear Physics, Calcutta

In the present work we have measured fission fragment angular distributions and fusion
excitation functions for the systems l2C, l6O -f 232Th at energies around the Coulomb
barrier. These results along with the results of our earlier measurements on 19F + 232Th
system were analysed following Hinde et al. [ Phys. Rev. Lett. 74, 1295 (1995)] where it
was pointed out that the anomalous fission fragment angular distributions seen in heavy
ion reactions below the Coulomb barrier can be due to possible occourence of quasifission
events caused by the interaction of the projectile with the tip of the deformed target
nucleus. The present data do not show the expected saturation behavior of the fission
fragment anisotropy at sub-barrier energies for the 12C+232Th system which exhibits
different behavior of the fission fragment anisotropy in the sub-barrier region as compared
to the other two systems. The present measurements using different projectiles on the
same target nucleus do not seem to conform to the expected behavior of the quasifission
mechanism to be caused by the interaction of the projectile with the tip of the deformed
target nucleus.

Phys. Rev. C53 R544 (1996)
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ANOMALOUS PEAKLIKE STRUCTURE IN T H E FISSION
FRAGMENT ANISOTROPIES AT SUB-BARRIER ENERGIES

IN nB, l 2C, 1 6O, 1 9F + *"Th REACTIONS

N. Majumdar", P. Bhattacharya*,l). C. Biswas, R. K. Choudhury,
D. M. Nadkarni and A. Saxena

* Saha fnstitute of Nuclear Physics, Calcutta

Fission fragment angular distributions have been measured for fission following full
momentum transfer in nB,12C,16O and 19F + 232Th systems from the above barrier to
below sub-barrier energies. The fragment anisotropies [ W(0°)/W(900)] are found to
exhibit an anomalous peaklike structure below the fusion barrier in all the systems. This
structure has a universal behavior independent of the entrance channel mass asymmetry.
With some refinement in the quasifission hypothesis it is possible to explain qualitatively
the experimental results resonably well.

Phys. Rev. Lett. 77, 5027 (1996)

MASS DISTRIBUTION IN 19F INDUCED FISSION OF 232Th

G.K. Gubbi*, A. Goswami*, B.S. Tomar*, B. John, A. Ramaswami*,
A.V.R. Reddy*, P.P. Burte* and S.B. Manoliar*

* Radiochemistry division

Formation cross sections of several fission products have been determined using recoil
catcher technique followed by gamma ray spectrometry in 19F induced fission of 232Th at
Elab=95 and 112 MeV corresponding to projectile energy just below and above fu- sion
barrier. The data shows significant admixture of fission from compound nucleus formed by
complete fusion(CF) as well as target like nucleus formed by transfer reaction. An attempt
has been made to obtain mass distribution for both CF fission and TF separately using
the systematics of charge distribution in low and medium energy fission. CF fission shows
broad Gaussion mass distribution and TF mass distribution is asymmetric. Estimates of
CF fission and TF crossections has been obtained. AT 95 MeV the TF constitutes about
28112 MeV it is about 14projectile energy.

Phys. Rev. C 53,796(1996)
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ON ANGULAR MOMENTUM AND PARITY DEPENDENCE OF
NUCLEAR LEVEL DENSITIESIN A SIMPLE

RANDOM SAMPLING APPROACH

D. Majumdar*, 1B. K. Agrawal* and S. K. Kataria
^Institute of Physics, Bhubaneswar

Present address: Nuclear Physics Division,BARC.

Based on simple random sampling (SRS), we propose a Monte Carlo method for faster
computation of the smoothed part of density of nuclear states. To test the applicability of
SRS approach we study in this framework the excitation energy (£), angular momentum
(J) and parity dependence of nuclear level densities for an independent particle system.
As an illustrative example, we consider a p/-shell nucleus, 48Cr. It is found that the
values of a few lower order moments for the state density I(E) calculated using SRS and
combinatorial (or direct counting) methods are almost the same and a locally smoothed
part of state density can be constructed using these moments in univariate Edgeworth
expansion. We calculate the energy dependent spin-cutoff factor and parity asymmetry
and find that for both the cases the SRS approach works quite well. We use SRS moments
to construct different forms of bivariate distribution for l(E, M) (M is the ^-component
of J) namely (a) bivariate Edgeworth expansion, (b) product of univariate Edgeworth ex-
pansion (I(E)) and Gaussian form for conditional M distribution I(M\E) and (c) product
of univariate Edgeworth expansions for both I{E) and I{M\E) and compare the resulting
fixed-./ level density /*(£, </) with the corresponding combinatorial results.

Nucl. Phys. A597 (1996) 212

A MICROSCOPIC STUDY OF THE GIANT DIPOLE RESONANCE
7-ABSORPTION CROSS SECTION IN HOT ROTATING NUCLEI

*B. K. Agrawal*, A. Ansari" and P. Ring*

*Institute of Physics, Bhubaneswar
1 Present address; Nuclear Physics Division, BARC,

f Physics Department, Technical University, Munich D-85747 Garching, Germany

An attempt has been made to study the 7-absorption cross section for the giant dipole
resonances (GDR) in hot rotating nuclei in the framework of linear response theory along
with a microscopic approach to incorporate corrections due to thermal fluctuations of the
nuclear quadrupole shapes. The latter approach is based on the static path approximation
to the grand canonical partition function. In the present illustrative application, we have
employed a deformed harmonic oscillator Hamiltonian. The calculations have been done
for a fictitious nucleus with the magic numbers of the oscillator N = Z — 70. We find that
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the width of the GDR cross section increases with increasing temperature and angular
momentum. The results are compared with those obtained by the Landau prescription
and it is found that the latter overestimates the effect of thermal fluctuations somewhat.

Nucl. Phys. A (in press)

FIXED-J LEVEL DENSITIES BEYOND SPIN CUT-OFF
APPROXIMATION

B.K. Agrawal* and S.K. Kataria

insti tute of Physics, Bhubaneswar

It is well known that the expression for fixed-./ level density
It(E,J) — —I{E) jjyI(M\E)\ _ reduces to familiar Bethe's formula provided the

conditional Af-distribution I(M\E) is approximated by a Gaussian form, so called spin
cut-off approximation (M is the z-component of total angular momentum J and E is
the excitation energy). After a detailed analysis, we find that the Bethe's formula which
overestimates Ii{E,J) at high J values, in particular near the yrast line, can be signifi-
cantly improved by including a few higher-order moment terms in a suitable expansion
for I{M\E) with the lowest-order term to be a Gaussian, e.g., Edgeworth expansions.

We also find that, except at very low excitation energies, reasonable values (close to
exact) of the moments of l(M\E) can easily be obtained when multiple Laplace-back
transform of the partition function for grand canonical ensemble is evaluated within the
saddle point approximation. Furthermore, we study the effects of shell structure as well
as residual interaction on the excitation energy dependence of these moments.

Z. Phys. A356 (1997) 369

ELEMENTAL ANALYSIS BY RADIOISOTOPE EXCITED XRF DURING
THERMIT SMELTING OF FERROVANADIUM AND NIOBIUM

Daisy Joseph and Madan Lal,I.G.Sharma* and D.K.Bose*

* Metallurgy Division

The energy-dispersive x-ray fluoresence(EDXRF) technique was applied to the deter-
mination of major and trace elements present in aluminothermically smelted ferrovana-
dium and niobium. Rapid and multielemental analysis of thermit feed and product aided
in the appropriate alterations of the charge constituents to obtain the optimum charge
composition. The results of analysis by the EDXRF method were verified using wet
chemical analysis for a few typical samples of the product and were found to be in close
agreement.

X-ray Spectrometry,Vol.25, 205 (1996)
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STUDY OF THE EFFECT OF PARAMAGNETIC IONS ON THE WATER
RALAXATION TIMESOF WHEAT LEAVES BY NUCLEAR MAGNETIC

RESONANCE (NMR) ANDENERGY DISPERSIVE X-RAY
FLUORESENCE (EDXRF) SPECTROSCOPY

D.Joseph,V.T.Srinivasan*,Madan Lai, and J.K.Sainis**
*

The effect of Mn2+ and Cu2+ on the relaxation times of water in wheat leaves has
been studied using Nuclear Magnetic Resonance(NMR) and Energy Dispersive X-ray Flu-
oresence(EDXRF).Mn2+ and Cu2+ were estimated using EDXRF and their signals were
observed by Electron Spin Resonance(ESR). Both the longitudinal (Tl) and Transverse
(T2) relaxation times were found to be biexponential indicating that water exists in
two different states with no or at the most slow exchange. These states are refered to as
the "free" or more mobile and "bound" or less mobile water.Stress by Polyethylene Gly-
col(PEG) showed that the free water constituted 80water and that dehydration was at the
expense of the free water.Mn2+ and Cu2+ reduced the long component of relaxation.The
metal ions do not affect the short component of relaxation showing that 20water has the
metal ions in bound form.

J.of Nucl.Agr.and Biol.25 139(1996)

ACCELERATORS - ACHIEVEMENTS AND FUTURE PROJECTIONS

R. Chidambaram and S. Kailas

Charged particle accelerators are being used not only for basic research but also for
various applications. Accelerator activity started in India almost four decades back and
we have now the capability and expertise to design, built and operate many types of
accelerators which are required. International collaboration has been persued in pro-
grammes involving large accelerators. In present article, a brief description of the Indian
Accelerator Programme, its achievements and future projections, is given.

Current Science 69, 572 (1995).

INCLUSIVE (3He, t) REACTION IN DELTA EXCITATION RECTION

Neelima G. Kelkar and B.K.Jain

Using the one step reaction mechanism, calculation are presented for the overall fea-
tures of the inclusive (3He,t ) reaction on various target nuclei in delta excitation region.
The interaction for the elementary pp —>• n8++ process is given by one-pion-exchange, and
is writen in the covariant relativistic form. The values of the parameters in the interaction
are chosen such that the interaction successfully describes the spin averaged experimental
elementary cross-sections. The distortion in the entrance and exit channels is described
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in the eikonal approximation, and the nuclear response is described in the " distorted
wave Fermi gas model". The cross- sections for the triton energy spectrum, angular dis-
tribution, and the total events at 0° on several nuclei, are calculated and compared with
the corresponding data. The main features of the measured cross-sections are reproduced.

Int. J. Modern Phy. 4, 181(1995)

FISSION FRAGMENT ANGULAR DISTRIBUTIONS FOR U B
AND 19F + 238U SYSTEMS

A. Karnik, S. Kailas, A. Chatterjee, A. Navin, A. Shrivastava,
P. Singh and M.S. Samant*

* TIFR, Bombay

The fission fragment angular distributions were measured at energies above the fusion
barrier, for the systems n B and 19F + 238U. An analysis of the present data along with
those already available for the systems 6'7Li, 12C and 1 60 + 238U, was made in terms of
the saddle point statistical model. While the anisotropies were 'normal' for 6 '7Li, l lB, l2C
+ 238U systems, the ones for 1 60 and 19F +238U systems, were found to be 'anomalous'.
The entrance channel mass asymmetry dependence of the anisotropies as observed here
is consistent with the expectations of pre-equilibrium fission dynamics. This result em-
phasizes the importance of pre-equilibrium fission in heavy-ion induced fusion - fission
reactions.

Phys. Rev. C52, 3189 (1995)

PRE-SCISSION CHARGED PARTICLE EMISSION IN 19F+232Th

A. Chatterjee, A. Navin, S. Kailas, P. Singh,D.C. Biswas,
A. Karnik, and S.S. Kapoor

The multiplicities of pre-scission protons and alpha particles in the reaction 19F+232Th
at 104, 110, 116 and 118 MeV have been measured. The observed multiplicities are much
larger than the prediction of the statistical model without the introduction of fission de-
lay. An analysis of the pre-scission proton and alpha data along with that for neutrons
(measured earlier) has been made using deformed optical model and deformation depen-
dent particle binding energies. Simultaneous fits to the charged particle and neutron data
required a total fission time scale in the range of (25-80) X 10~21 s. For this system, the
mean kinetic energies of the pre-scission particles are insensitive to the division of the
total delay time into pre-saddle and post-saddle components, however the neutron and
charged particle multiplicity data are sensitive to the deformation of the saddle-to-scission
emitter. The analysis shows that post-saddle emission takes place close to the scission
point.

Phys. Rev. C52, 3167 (1995).
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INTERMEDIATE MASS FRAGMENTS EMISSION IN THE
REACTION 47 MeV 7Li + Mg

C. Bhattacharya*, D. Bandyopadhyay, G.S.N. Murthy, Y.P. Viyogi, S.K. Basu,
K. Krishan, S. Bhattacharya, S. Kailas, A. Chatterjee and P. Singh

• SINP, Calcutta

The energy distributions of the intermediate mass fragments (IMF's, 4< Z/A/F < 9)
emitted in the reaction 47 MeV 7Li + ""'Mg have been measured in the angular range
15° < Biab < 120°. Invariant cross sections plotted in the velocity plane have indicated the
existence of a fusion like source as well as some intermediate velocity source for lighter
fragments. Source parameters for the fusion like source and the intermediate velocity
source have been extracted using the phenomenological moving source model. The results
of the present measurement have been extensively compared with the predictions of the
binary fragmentation model. The shapes of the fragment energy distribution have been
reproduced fairly well by the binary fragmentation model except for the forward angle
data for Be and B. The higher energy tails in the forward angle data for Be and B are
indicative of the presence of other reaction processes. Average kinetic energies of the
fragments and total elemental cross sections extracted from the data have been compared
with those obtained from asymmetric binary fragmentation calculations. In both cases, it
has been found that the theoretical predictions are in good agreement with the respective
experimental estimates with the exception of Be and B, where the theory underpredicts the
experimental results indicating additional contributions from other reaction mechanisms.

Phys. Rev. C52 , 798 (1995)

PROBING FACTORIZATION IN THE COLOR-SUPPRESSED DECAY
B -> rjf{2S) + K{K*)

A. N. Kamal* and A. B. Santra

•University of Alberta,Canada

In order to probe the factorization hypothesis inthe color suppressed decays B —
K(K') we have studied three ratios R = B(B -+ x/>K)/B(B -+ 0(25)10, R = B(B -*
ij>K*)/B(B -> 0(25)/f*) and F£ = YL{B ->• ip(2s)K*)/r(B -> 0(25)ff') in several
scenarios for the q2 dependence of the form factors involved. We find that measurements
of R and R*, which exist, do not yield scenario-independent tests of factorization. However,
the predicted range of P'L in all scenarios lies in a narrow range, 0.50 ~ P'L < 0.67, and
could test factorization.

Phys. Rev. D51, 1415 (1995)
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FUSION ^-DISTRIBUTION IN 160,™ Si +115 In REACTIONS AT N E A R
AND SUB-BARRIER ENERGIES

B.K.Nayak, R.K.Choudhury, L.M.Pant, D.M.Nadkarni and S.S.Kapoor

Measurement of various moments of the angular momentum distribution in fusion re-
actions of I 6 0, 2 8 Si -(-115 In has been carried out at near and below barrier energies using
a multi-element BGO multiplicity detector set up. Fusion events were selected using the
alpha particle evaporation events at backward angles with respect to the beam direction.
It is found that for 16O-f-115/n reaction, the moments of the /-distribution match well with
the calculations based on one-dimensional barrier penetration model, whereas in case of
285t + u 5 In reaction, the experimental values are higher than the predictions of above
theoretical calculations, and could be explained by incorporating the coupling of projec-
tile deformation in the barrier penetration calculations. The present work brings out the
role of projectile deformation in enhancing the higher moments of the fusion /-distribution
around barrier energies.

Phys. Rev. C52 (1995) 3081.

EVIDENCE OF MASSIVE CLUSTER TRANSFERS IN 1 9F+2 3 2Th
REACTION AT N E A R B A R R I E R ENERGIES.

D.C. Biswas, R.K. Choudhury, D.M. Nadkarni and V.S. Ramamurthy*
* Institute of Physics, Bhubaneswar

Yields and angular distributions of the transfer reaction products have been measured
in the 19F +232 Th reaction at bombarding energies near the Coulomb barrier. The
transfer probabilities were calculated (Ptr) from the measured differential cross sections
at the grazing angle, for the most dominant channels for given (A./V) transfers. The values
of Pir show, in general, an exponential dependence on the ground state Q-value (Qo) of the
reaction and the large cross sections observed for l a and 2a transfer channels are largely
accounted by the Q-value variations. However, the transfer channels of AiV=5, 9 and
12 leading to 14C, 10Be and 7Li products respectively, show strong enhancements in the
transfer probabilities. The large cross sections in these channels may imply simultaneous
correlated transfers of (ap), (ap,a) and (3a) clusters from the 19F projectile to the target.

Phys. Rev. C52 R2827 (1995)

C O M M E N T ON " I N T E R M I T T E N C Y IN QUARK-GLUON-PLASMA
PHASE TRANSITION"

B.K. Nayak and Zafar Ahmed

. Phenomenological determination of the order of quark-gluon-plasma phase transition
(PT) within the formalism of Landau and Ginzberg has been investigated. In an earlier
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work it was claimed that the scaling exponent has a value u = 1.33 and is independent of
the parameters a, b, c, x(= |a|J2^3/c1/'3) and u>(= b/2J\a\c) and also the order of the PT.
In this comment we show that this conclusion is not true as we get i/=1.443 for strong
first order PT (b2 = 4ac or u»=-2) and it approaches a value of 1.305 at higher negative
values of u>. A sum-rule has also been proposed to check the consistency of the various
moments (integrals) involved in this work.

Phys. Rev. Lett. 75, 2448 (1995)

MASS RESOLVED ANGULAR DISTRIBUTION IN l0B,12C AND 16O
INDUCED FISSION OF 232Th

Bency John, Aruna Nijasure and S.K. Kataria A. Goswami",
B.S. Tomar*, A.V.R. Reddy* and S.B. Manohar*

* Radiochemistry Division

The recoil catcher technique and gamma spectroscopic assay of fission products was
used to measure angular distribution of 17 fission products in 10B,12C and 16O induced
fission of 232Th at near barrier energies. The observed mass dependence of anisotropies of
fission products in these systems are very different from that of p and a induced fission
of 232Th at similar excitation energies. It has been suggested that the difference in the
rotational energy for the symmetric and asymmetric modes for large compound nucleus
spins could be responsible for the observed variation. No systematic change in mass
dependence of anisotropies across the Bussinaro-Gallone point was observed. For l6O
induced fission of 232Th, sharp variation in anisotropies has been observed in the mass
region 120-135. This has been attributed to transfer induced fission.

Phys. Rev. C 51, 165(1995)

NEAR-BARRIER FISSION OF THE SYSTEM 12C + 232Th

A. Karnik, S. Kailas, A. Chatterjee, P. Singh, A. Navin, D.C. Biswas,
D.M. Nadkarni, A. Shrivastava and S.S. Kapoor

The fission fragment angular distributions for the system 12C 4- 232Th have been
measured in the energy range 0.97< Ec.m./Vfi < 1.22. The measured anisotropies have
been compared with the predictions of the standard saddle point statistical model, using .
the second moment of the compound nucleus spin distribution < I2 > deduced from
a Wong model fit to the fission excitation function. While the measured anisotropies
agree with the standard saddle point statistical model for Ec.m./Vj9 > 1.05, they are
abnormally large at lower energies. This is also true for the existing measurements of lbO
and 19F -f 232Th systems. Since for this system pre-equilibrium fission contributions are
not expected, this anomaly indicates strong channel coupling effects leading to an increase
in < I2 > at sub-barrier energies.

Z. Phys. A 351, 1995 (1995)
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MULTINUCLEON TRANSFER STUDIES IN 1 2 C+

B. J. Roy, B. Srinivasan, E. Shallom M. G. Betigeri and
H. C. Jain*, M. L. Jhingan*

"Tata Institute of Fundamental Research, Bombay.

Cross sections for multinucleon transfer reactions are measured at several angles in
the reaction 88Sr(12C,X)—X ranging from 9Be to 14C at an incident Carbon ion energy of
87.5 MeV. In case of single nudeon transfer reactions,the measured angular distributions
of cross sections in transition to the ground and low lying states in the 87>89Sr and 89Y
nuclei are described well in terms of finite range DWBA calculations. The transfer prob-
ability obtained from the experiments to well defined shell model orbits forms the single
particle unit for evaluation of the mechanism in multinucleon transfer reactions. The
analysis reveals a small enhancement of transfer probability corresponding to a proton
pair stripping. The mechanism of one step "direct" transfer of a cluster is predominant
in deuteron and 3He transfer reactions. However, the transfer of a neutron pair seems to
proceed through sequential transfer of two neutrons.

Nucl. Phys. A588, 706(1995)

TRAJECTORY MODIFICATIONS IN GLAUBER MODEL FOR HEAVY
IONS

S. K. Gupta and P. Shukla

Expressions are presented for the modification due to the nuclear potential apart from the
Coulomb potential both for the eikonal and the noneikonal trajectories. Calculations for
heavy ion total reaction cross sections are performed using these expressions. Results are
given for several systems. It is found that the expression used by Cha leads to unrealistic
values for the distance of closest approach at small impact parameters at low energies
and therefore lead to inaccurate values of the total reaction cross section. The exactly
calculated distance of closest approach leads to improved results both for the eikonal and
the noneikonal trajectories.

Phys. Rev. C52, 3212 (1995).
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APPLICATION OF RADIOISOTOPE EXCITED X-RAY FLUORESENCE
TECHNIQUE IN CHARGE OPTIMISATION DURING THERMIT

SMELTING OF Fe-Cr,Fe-Ni AND Fe-Ti ALLOYS

I.G.Sharma*,D.Joseph,Madan Lai and D.K.Bose*

* Metallurgy Division

We demonstrate here the application of Energy Dispersive X-ray fluoresence(EDXRF)
technique in meeting the analytical requirements of a thermite smelting campaign carried
with the aim of preparing low carbon-low nitrogen Fe-Ni,Fe-Cr and Fe-Ti alloys from in-
digenously available nickel bearing spent catalyst, mineral chromite and ilemenite/rutile
respective The major constituents of Fe-Ni,Fe-Cr and Fe-Ti alloys and the impurities
present were determined by EDXRF and the total impurities were found to be less than
the maximum permissible limit of 0.2appropriate alterations of the charge composition
for preparation of these ferro alloys from their indigenously available resources by alu-
minothermic process.

Metallurgical and Materials Transactions B,Vol. 26B(1995) 1083

A STUDY OF ACCUMULATION OF TRACE METALS IN COFFEE
PLANTS GROWN ON ULTISOLS FERTILIZED WITH ROCK

PHOSPHATES BY ENERGY DISPERSIVE X-RAY
FLUORESENCE(EDXRF) TECHNIQUE

D.Joseph,Madan Lai and T.J.D'Souza*

* Nuclear Agriculture Division.

Trace elements in soil and leaves of coffee plants have been analysed by a non-destructive
Energy Dispersive X-ray Fluoresence(EDXRF) technique to study their accumulation due
to repeated rock phosphate fertilization.Analysis of standard reference materials of soil
and leaves through EDXRF yielded values within 5 percent error of the certified val-
ues.This method was therefore used to determine the trace metals(Fe,Cu,Zn,Rb,Sr,Nb,Zr
and Y) concentrtions of soils,rock phosphates and leaves of coffee grown in experimental
ultisols. Results indicate that rock phosphate fertilisation over aperiod of 10 years did
not contribute sifnificantly to high trace metal concentration in plants.

J.Nucl. Agr. Bio. ; 24, 137(1995)
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NUCLEUS-NUCLEUS ELASTIC SCATTERING AT INTERMEDIATE
ENERGIES: GLAUBER MODEL APPROACH

S. K. Charagi and S. K. Gupta

The differential elastic scattering cross section of a few heavy-ion systems, in the
energy range 8 MeV/nucleon - 100 MeV/nucleon, has been studied in the framework of
the Coulomb-modified Glauber model. Ingredients in this formalism are the densities of
the colliding ions and the elementary nucleon- nucleon scattering amplitude. The only
free parameter OCNN, the ratio of the real to imaginary part of the forward nucleon-nucleon
scattering amplitude is varied to fit the data. Elastic scattering angular distributions using
the realistic 2 parameter Fermi densities and the surface-matched Gaussian densities,
agree reasonably well with each other.

Physical Review C (in press)

HEAVY-ION SCATTERING AT LOW ENERGIES: FIRST-ORDER
CORRECTION TO THE EIKONAL PHASE SHIFT

S. K. Charagi

The first-order non-eikonal correction has been applied to calculate heavy-ion reaction
cross sections at low energies. The numerical investigations show that, for many heavy-
ion systems, reaction cross sections and elastic scattering angular distributions thus cal-
culated, are in good agreement with the optical model calculations.

Pramana( in press).

Comment on " MODIFIED GLAUBER MODEL II DESCRIPTION FOR
HEAVY-ION SCATTERING"

S. K. Charagi

Recently, in a paper by Moon Hoe Cha [ Phys. Rev. C 46, 1026 (1992) ], the modified
Glauber model I was refined by taking into account the deflection effect of the trajectory
due to real nuclear potential, in addition to the Coulomb effect. This refined model, also
called modified Glauber model II, has been used in the study of the elastic scattering
of the heavy-ion systems 16O +u C and 16O +28 Si at Eiab = 1503 MeV. For these two
systems, there is a prediction of enhancement of the reaction cross section. However, our
numerical investigations show that, for many other heavy-ion systems, at low energies,
this model fails to properly predict the reaction cross section. Some other weaknesses of
the model are also described.

Physical Review C ( in press)
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DOUBLE DETACHMENT OF ELECTRONS FROM CJ

C. P. Safvan*, T, V. R. Bhardwas*, D. Mathur* and A.K.Gupta

*TIFR, Homi Bhabha Road, Bombay - 5,

Cross section have been measured for double ionization of carbon dimer anions in
collisions with rare gas atoms at impact energies in the range 20-50 keV. Both non-
dissociative as well as dissociative double detachment occurs. Cross sections for the former
are of order of 3 x 10~18 cm2; they are a factor of five smaller for the latter channel. The
ratio of non-dissociative to dissociative double detachment is investigated as a function of
the voltage on the cathode of the C,-vapor sputter source of anions; results indicate that
carbon dimer anions are overwhelmingly produced in the ground electronic state over a
wide range of operating conditions of such a source.

Chemical Physics letters 259 (1996) 415

ON THE COLLISIONAL DETACHMENT OF TWO ELECTRONS FROM

V. R. Bharadwas*,T, C. P. Safvan*, D. Mathur* and A. K. Gupta

*TIFR, Homi Bhabha Road, Bombay.

Double ionization of C j anions has been studied in lcollisions with Ar at an impact
energy of 30 keV. Both non-dissociative as well as dissociative double detachment occurs.
The dominant channel leads to formation of C+ + C3 fragments. Branching ratios are
investigated as a function of the voltage on the cathode of the Cs2-1 vapor sputter of source
of anions; results indicate that C^ anions are overwhelmingly produced in the ground
electronic state over a wide range of operating conditions of such a source. Consideration
of the energetics leads us to postulate that the vertical ionization energy (IE) of C3 is
higher than the IE of C; a lower limit of 11.3 eV is placed for IE (C3).

Int. J. of Mass spect. and Ion Process (in press)

Distorted wave analyses of the 7Li(a,2a)3H reaction

Arun K. Jain and S. Mythili

The distorted wave-peripheral three-body coupling model has been applied for knockout
of particles bound in /=1 state. As an example the 7Li(a,2a)3H reaction at 77, 99 and
119 MeV has been analysed. The distorted wave impulse approximation peripherial three-
body coupling model calculations are compared with the conventional kinematic coupling
approximation and with the data.

Phys. Rev. C53, 508(1996)
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