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F O R E W O R D

The activities of the Nuclear Physics Division of
Bhabha Atomic Research Centre for the two year period
January 1993 to December 1994 are summarised in this report.

The experimental Nuclear Physics research activities
are centred around the 14 UD Pelletron accelerator which is
a joint facility of Bhabha Atomic Research Centre(BARC) and
Tata Institute of Fundamental Research (TIFR). The staff of
the Division play a major role in the operation and main-
tenance of this accelerator located at TIFR/ Colaba. In-
strumentation development for the research utilization of
the accelerator as well as acccelerator development ac-
tivities connected with the superconducting LINAC booster
are included in the report.

A significant development during the period of this
report is the taking up of Folded Tandem Ion Accelerator
(FOTIA) project at Trombay for the conversion of the 5.5 MV
single stage Van de Graaff Accelerator into a 7 MV folded
tandem accelerator for light and heavy ions, for use not
only in low energy nuclear physics but also in various
inter-disciplinary areas.

The research output in the field of study of heavy ion
reactions involving elastic scattering, transfer reactions,
fusion-fission phenomena, heavy ion resonances, high energy
photons in nuclear reactions and level density determination
from charged particle spectra emitted in heavy ion reactions
are reflected in the large number of publications in na-
tional and international journals. Theoretical Nuclear
Physics activities in the intermediate energies which form a
significant part of the research activities are also in-
cluded. List of publications as well as their abstracts
are included at the end of the report.

Trombay, Bombay.
August 2, 1995 M.A. Eswaran

Head, Nuclear Physics Division
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INVESTIGATION OF T H E ALPHA-LINEAR CHAIN CONFIGURATION IN M M g AT 48.4
MeV EXCITATION THROUGH ALPHA AND «Be-CHANNELS

M. A. Eswaran, E. T. Mlrgule, Suresh Kumar, D . R. Chakraberty, V. M. Datar,
N. L. Ragoowansi, H. H. Osa, and U. K. Pal

Extremely deformed states corresponding to the
alpha linear chain configuration (LCC) are predicted
by the cluster model[l], Hartree-Fock[2] and Nilsson-
Strutinsky calculations[3] in light N=Z, 4 «-nuclei. The
7.65 MeV, Of state of U C known to be 3ct-LCC. In " 0
a rotational band built on the 4a-LCC has been iden-
tified with the 2 + , 4+ , and 6+ members at excitation
energies of 17.15, 18.05, and 19.35 MeV, respective-
ly^]. The possible alpha linear chain configuration
in a4Mg is observed recently by Wuosmaa et.al.[5], as
a resonance in the reaction Mc( B C, u O c c ! C ) i a O c a ? at
E(UC) = 65 MeV, where « c « : c corresponds to the
LCC state of " C at 7.65 MeV.

In order to investigate the possible decay modes of
the 6a-LCC further, we measured the excitation func-
tion for the reactions uC(12C,a) wNe* and uC(»C,8Be)
18O* for beam energy range of 50 to 70 MeV in steps
of 1 MeV, using the MUD pelletron of BARC-TIFR
at Bombay. Two surface barrier A&-E detector tele-
scopes similar to that described in reference[6] were
setup at 8° and 12° to the beam for detecting a and
8Be, respectively. The spectra obtained at E("C) =* 65
MeV for 8Be and « particles are shown in Fig.l as an
example. The 8Be channel leading to states above 18
MeV excitation in 16O could not be observed unam-
biguosly due to possible presence of 7Li in the region.
The target was 45/tgm/cm2 thick self- supported foil
of natural carbon.

The analysis reported here focuses attention on the
region of excitation in 34Mg where the 6a-LCC is ex-
pected. In this region three exit channels are seen to
resonate viz. two a-channels leading to 13.9 MeV,6+

and 20.5 MeV,8+ states of MNe and 8Be-channel lead-
ing to 18 MeV (the 2+ ,4+ members of 4«-LCC state
unresolved) excitation in 18O. A broad structure at
E(UC) = 65 MeV with a width (in cm.) of 3 to 4
MeV is observed in all the three channels as shown in
Fig.2(b)-(d). The position and width of the structure
agree with the 6a-LCC structure observed by Wuos-
mma et.al.( shown in Fig.2(a)).

As the 8Be spectrum obtained by AE-E detector
telescope had a large background in the region corre-
sponding to 18 MeV excitation in I6O, at which the
possible contribution from 7Li yield could not be ruled
out. We repeated the excitation function measurement
using a twin detector for identification of 8Be by de-
tecting the two breakup alphas in coincidence. In this
spectrum also, we observed the 18 MeV peak and the
excitation function of it reproduced the structure at

46.4 MeV to MMg.
These observations show that the resonance at 46.4

MeV excitation to MMg decays to the 13.9 and 20.5
MeV states which belong to the prolate band built
on 6.72 MeV,0+ state to »Ne. It also decays to the
4O-LCC at 18 MeV to U O. The larger cross sections In
these three channels compared to 15 pb/sr observed in
taC£cc+uC£CC b y Wuosmaa et.al., may primarily be
due to the larger penetrabilities of the lower /-values
involved.

In summary, the present work provides further ev-
idence of the existence of the 6a-LCC at 46.4 MeV by
its selective decays through a and *Be channels to pro-
late states in "Ne and 4o>LCC in 16O, respectively.
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FIRST EVIDENCE FOR 5a-CHAIN CONFIGURATION IN »Ne AND INTERCONNECTION
OF ALPHA CHAIN CONFIGURATIONS IN 24Mg, MNe, 16O AND "C THROUGH

COINCIDENCE STUDIES

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

Recently a possible alpha linear chain configura-
tion (LCC) in 24Mg at 46.4 MeV excitation was iden-
tified by Wuosmaa et.al.[l], as a resonance in 12C+ l2C
-» 12C(7.65,0+) + l2C(7.65,0+) at E(12C) = 65 MeV.
The 7.65 MeV, Oj state in " C is known to be a 3a-
LCC. In the present work we report an experimental
investigation of the 6a-LCC in 24Mg, through coinci-
dence studies, which may provide further information
on its decay modes to 3a-LCC, 4a-LCC and possible
5 Q - L C C in J2C, 16O and »Ne, respectively.

The a-a, a-8Be and 8Be-a coincidences are mea-
sured for the sequential decays of the 6a-LCC state
formed in 12C+12C collision. Using 12C beam from the
14UD Pelletron of BARC-TIFR at Bombay, the ex-
periment was performed at E(12C) = 65 and 73 MeV
on a 134 pg/cm2 thick natural carbon target. The a
and 8Be particles were detected by ̂ E-E surface bar-
rier detector telescopes at 0° and 20° to the beam and
another split surface barrier detector for 8Be detection
at -20°. Cold absorbers of appropriate thickness were
placed in front of the 0° telescope to stop the direct
beam and other scattered heavy ions.

From the list mode data, by applying software ap-
propriate 2D gates for particle identification and ID
gate for prompt time window, the data for the three
types of coicidences were deduced. The 2-dimensional
E0 vs El coincidence spectra of each type, where E0 is
the energy of the first emitted particle in 0° detector
and El , that of the second particle in th« 20s or -20°
detector, were obtained at both the bombarding ener-
gies. As explained in Ref[2], the first emitted particle
is predominantly detected in the 0° detector due to for-
ward peaking of angular distributions . These spectra
show bands of events corresponding to the different
discrete states of the final nucleus. By applying 2D
gate on each band, the EO-spectrum corresponding to
states of intermediate nucleus decaying to the various
distinguishable states of final nucleus were obtained.

For the a-a coincidences in the reaction 12C (12C,
a) ^Ne* -» a + 16O, the deduced differential cross sec-
tions (d3er/dEd A d i22) cm. are shown in Fig.l(a)-(f)
for six different states of 16O. A structure at ~31 MeV
excitation in ^Ne with a width of ~3 MeV decaying
predominantly to the 17 - 23 MeV excitation region
in 16O, where the members of the 4a-LCC band[3] are
located, can be noticed in the figure. The a-decay of
this structure in "Ne to various states of 16O is shown

in Fig.l(g). The structure at ~31 MeV do not appear
at the 'OFF resonance' energy of E(12C) = 73 MeV.

The differential cross-sections deduced for the a-
•8Be coincidences from the reaction the 12C(12Q,o)MNe*
-»8Be+12C, are shown in Fig.2 for decay of "Ne states
particularly to the 7.65 MeV 3«-LCC state of 12C. In
this figure also, at 'ON resonance' a structure is no-
ticeable at arround 30 MeV excitation in ^Ne with a
width of about 3 MeV, while at 'OFF resonance' it
vanishes.

These observations lead us to conjecture that the
wide structure near 30 MeV excitation in 20Ne, fed
by a decay from the 6a-LCC resonance state in 24Mg
predominantly decaying to the 4a-LCC states of 16O
by a-emission and to the 3a-LCC state of 12C by 8Be
emission, is the 5a-LCC state of MNe. Cluster model
predicts it at 31.7 MeV cxcitation[4].

The differential cross sections (d3<r/dEd/?idfl2)tm.
deduced for 8Be-a coincidence in the reaction
12C (12C, 8Be) 16O* - a + 12C are shown in Fig.3(a),(b)
and (c) corresponding to ground state, 4.42 MeV,2+ s-
tate and the 7.65 MeV,0£ 3a-LCC state of the final
nucleus 12C, respectively. A structure at ~21 MeV
excitation in 16O decays preferentially to the 3a-LCC
state of 12C is interesting to note in this figure. The
a-decay of this structure to the various states of 12C
is shown in Fig.3(d). From this figure it can be noted
that the yield for the a-decay to the 7.65 MeV state
is about 4 times compared to the g.s. of 12C , while
by the penetrability considerations, it is expected to
be less by a factor of 4. In this case also at the 'OFF
resonance' energy of E(12C) = 73 MeV this preferen-
tial decay of the 21 MeV state in 16O to the 7.65 MeV
of 12C is not seen.

Since the state at ~21 MeV in 16O is fed from a 6a-
LCC and decays preferentially to a 3a-LCC, we con-
jecture that this state is the hitherto unestablished[5]
8+ or higher member of the 4a-LCC band[3] in 16O.

Finally, Fig.4 shows the energy level diagrams for
the four 4n-nuclei depicting preferential sequential de-
cay modes of 6a-LCC in Z4Mg as seen in the present
studies through a-a, a-8Be, and 8Be-a coincidences.

In conclusion, the interconnection of alpha linear
chain configurations in MMg (46.4 MeV), ^ N e ^ O
MeV), 16O (19-22 MeV) and 12C (7.S5 MeV) is brought
out in the present work. The present coincidence stud-
ies also provided the first evidence for oa-linear chain



configuration in ̂ Ne and located the unobserved high-
er member of 4o>LCC in MO at 21 MeV excitation.
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E N E R G Y VARIATION OF NUCLEAR LEVEL DENSITY I N t 0 4Pd A N D M 4Sn I N T H E
EXCITATION ENERGY REGION OP T T O 24 MeV

D. R. Chakrabarty, V. M. Datar , Suresh Kumar, E. T. MIrguIe, H. H. O n and U. K. Pal

The nuclear level density (NLD) plays a central
role in the understanding of a wide variety of nuclear
reactions. Although there are many theoretical cal-
culations, experimental data are rather sparse[l] . In
this contribution we report a measurement of the en-
ergy variation of the NLD in l04Pd and 114Sn in the
excitation energy (Ex) region of about 7 to 24 MeV
extracted from the high energy (HE) part of the pro-
ton spectra (typically beyond 15 MeV) in the reac-
tions wC+MNb,10IRh. Such an extraction is possible
because for a moderate Ex in the compound nucleus,
the first step decay is mainly responsible for the HE
part of the spectrum. Moreover, it is relatively insensi-
tive to the choice of the optical model parameters used
to calculate the particle transmission coefficients. The
experiments were performed using 40 to 56 MeV beam-
s of l 2C, from the 14UD Bombay Pelletron, bombard-
ing targets of MNb (0.4 - 0.6 mg/cm2) and losRh(0.3
mg/cm2 on 3mg/cm2 Au). Protons were detected in
three 4.4 cm 4> x 3.8 cm NaI(Tl) detectors placed at
125° and ±155° and at 15 cm from the target. Par-
ticle identification was done by pulse shape analysis.
The background from carbon and oxygen impurities
was subtracted. The derived centre of mass spectra
of all detectors agreed within 20% and were summed
at each beam energy. The spectra were fitted to a
statistical model calculation using the NLD prescrip-
tion of Ignatyuk{2l and varying the asymptotic NLD
parameter. The extracted NLD for a given Ex was
then taken as that used in the fit renormalised by the
ratio of the corresponding experimental to fitted cross
section. These are shown (averaged over 0.5 MeV) in
the figure and compared to the prescriptions of Refs.3
and 4 (dotted and full lines, respectively). The over-
all uncertainty in the measurement« is ± 20%. The
experimental data and calculations are normalised at
around 9 MeV to the extrapolated total NLD from
the neutron capture data[3). From a comparison of
the data on the two nuclei, no sizable dependence of
the NLD on the Z=50 proton shell closure for Ex >
15 MeV is seen though there is an indication of these
effects becoming important at lower energies.
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HARD PHOTONS IN PROTON INDUCED REACTIONS AT 2T MeV

D.R.Chakrabarty, V.M.Datar, Y.K.Agarwal1, C.V.K.Baba1,1.MaJumdar3, M.S.Samant1 and
A.K.SInha3

The origin of hard photons of energy beyond that
of the giant dipole resonance (GDR), is an open prob-
lem in low energy (E/A<30 MeV) nuclear collisions.
Nucleon-nucleon bremsstrahlung (NND), which seem-
s to be the main mechanism of high energy gamma
ray (HEGR) production at higher beam energies, does
not work at lower beam energies[l]. It is probably
simpler to understand the process in proton-nucleus
(p-A) collisions. This can also be a stepping stone for
understanding the process in nucleus-nucleus collision-
s. In view of the paucity of low energy proton induced
measurements, we have performed an experiment to
measure the HEGR at Ep =27 MeV on cobalt and
gold.

The experiment was performed at the 15UD Pel-
letron laboratory at NSC, Delhi, using a pulsed pro-
ton beam bombarding 27mg/cma Co and 14mg/cm2

Au targets. Gamma rays were detected in i) a 25cm
^ X 30 cm NaI(Tl) detector surrounded by an active
plastic shield, placed at 60 cm from the target and at
90° to the beam and ii) two 20 cm long BaF2 detectors
of hexagonal cross-section (5.2 cm side) at 34 cm from
the target. The BaF2 detectors were interchangeably
placed at 45", 90° and 135° to the beam for angular dis-
tribution measurements. The energy calibration and
response function of the decectors were measured us-
ing the 4.43,6.13 and 15.11 MeV gamma-rays from the
(PiP^) reactions on B C and 16O using a 5.5mg/cm2

mylar target. The 9 parameter data, viz., energy, time
of flight (TOF), zero-crossover time (foi pilcup) for
each of the 3 detectors, were recorded on tape, event
by event, using a CAMAC based data acquisition sys-
tem. Typical time resolutions in the TOF spectrum
were ~ 0.7 ns in BaFa and 2 ns in NaI(Tl), ensuring
clean separation of neutrons and photons. The gamma
spectra obtained after data reduction were converted
to differential cross-sections for p+Co and p+Au sys-
tems. These are shown in the upper part of the figure
along with the results of the calculations^] within (1)
statistical model including the GDR (2) NNB mod-
el with a realistic target momentum distribution and
(3) potential brcmsstrahlung(PB) model. The lower
part of the figure shows the ratios of yields at 45° and
135° to those at 90° and the results of the NNB and
PB models. For both cross sections and the angular
distributions, the agreement is rather poor. Investi-
gations on the direct-semidirect capture mechanism,
which might resolve the discrepancy, are in progress.

1 Tata Institute of Fundamental Research, Bombay
400 005

2 Nuclear Science Centre, New Delhi 110 067
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"B AND "F INDUCED FISSION OF ""Th AT EXTREME SUB-BARRIER ENERGIES

D.M.Nadkarni, A.Saxena, D.C.Biiwaa, R.K.Choudhury, S.S. Kapoor, P. Bhattacbarya*, M.L.
Chatterjee*, P.Basu* and N. Maiumdar*

Large enhancement of the fission cross sections ob-
served 1>s in proton and alpha -particle induced fission
of Uranium isotopes at extreme sub-barrier energies
were attributed to the fission of Coulomb excited tar-
get fission (CBTF). On the basis of the latter mech-
anism much larger fission cross-sections are expected
for the case of heavy-ion induced fission and in a re-
cent measurement3 of 10B induced fission of M5£7 such
larger fission cross-sections were observed. In these
measurements, solid state nuclear track detection (SS-
NTD) technique was used for identifying fission events.
However this technique could not separately deter-
mine the contribution to total fission cross-section due
to fusion-fission (Fr'), transfer induced fission (TF)
and CBTF. To explore the feasibility of determining
these contribution! to fission cross-section separately,
we have carried o it fission cross-section measurements
for " B + T h e/»d " F + ^ T h systems in which the
linear momentum transfer (LMT) is determined by
the fission fragment folding angle technique and the
two complementary fragments were detected in coin-
cidence (< 50 ns) by means of two position sensitive
multi-step avalanche counters.

These counters (of dimensions 5cm x 7cm and 3cm
x 15cm) were mounted in a near back-to-back geom-
etry on either side of a 1.8 mg/cm3 thick self- sup-
porting target of M 2 r / i and a semi-conductor detector
was mounted at 20" to monitor the elastically scat-
tered particles for normalization purpose. Measure-
ments were carried out in the bombarding energy re-
gions of 60 to 19 MeV and 92 to 58 MeV for the cases
of " B + ^ T h and l9F+mTh respectively utilizing the
BARC-TIFR 14UD Pelletron accelerator. Angle cali-
bration of the detectors was done by identifying dips
due to nylon support wires observed in mCf spec-
trum. From the folding angle distributions measured
at different incident energies and dependence of folding
angle on LMT, the contributions to fission due to FF,
TF and CETF were determined by fitting obsrved fold-
ing angle distributions to three gaussians. The fission
cross-sections thus determined are shown in figs 1 and
2 together with values calculated using Coupled chan-
nel model calculations4. Measured fusion-fission cross-
sections agrees with the calculated values except at the
extreme low energy end. For the case of 19F +218 Tft,
at the lowest energies (Ecm=53.6 MeV) the distance
of closest approach appears to be too large ( 21 fm)
to have any significant overlap of nuclear volumes to
account for the large transfer induced cross-sections
observed. In folding angle distributions at extreme

sub-barrier energies, there appeared a weak distinc-
t peak corresponding to very low (near-zero) LMT,
which is possibly due to fission following neutron (En
>1 MeV) transfer to target and/or due to CETF which
are expected to have very low LMT. The contribution
due to this component did not show a strong energy

. dependence.
Several control measurements were carried out in-

cluding measurement of flux of fast neutron background,
to estimate the contributions due to this to the peak
around near zero LMT and the estimated contribution
is much smaller than observed CETF cross-section?.
Further work to investigate this aspect is in progress.

* Saha Institute of Nuclear Physics, Calcutta
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SHELL DEPENDENT LEVEL DENSITIES AND EXCITATION FUNCTIONS
IN 19F + MNb REACTION

Aruna N., B.V. John, B.S.Tomar1 , A.Goswami1 , S.B. Manohar1, S.K.Kataria, S.S.Kapoor

An energetic compound nucleus in the mass region
of 110 formed by interaction between two heavy ions
decays predominantly by emission of neutrons, proton-
s, alpha particles and gamma rays. Study of the energy
spectra of these particles gives important information
regarding the de - excitation process. Earlier [1], it has
been observed that the statistical model code PACE2
explains the gross features of proton and alpha spectra
emitted from the compound nucleus 113Sn formed in
i9F + 93 N b reaction at 103,85,70 MeV beam energies.

The statistical model should also explain the ob-
served excitation functions of the evaporation residues
for the above projectile and target system. There-
fore, we have measured the excitation functions for
this system by varying the beam energy from 54 to 95
MeV at the Bombay Pelletron facility. Off line gam-
ma ray activity measurements have been carried out
for this purpose. Fig.l shows the excitation functions.
Squares indicate the experimental values and !ta-

es the statistical model PACE2 values.. Here, liquid
drop level densities with the level density parameter
a=A/7, which explains the gross features of the pro-
ton and alpha spectra obtained earlier have been used.
However, it may be noted that PACE2 code with these
parameters fails to fit the excitation functions in most
cases.

When a nucleus reaches the low excitation euer?
gy region in the deexcitation cascade, the shell ef-
fects influence the nuclear level densities and hence
the residue cross sections significantly. Therefore, an-
other semiempirical shell dependent nuclear level den-
sity formula proposed by Kataria, Rainarnurthy and
Kapoor[3] has been incorporated into the code PACE2.
The dots*' in Fig. 1 show the excitation functions
using this level density formula with the experimen-
tal shell corrections. It may be seen from the figure
that now there is a better agreement between the the-
ory and the experiment in case of residues l08Sn, 109In,
107In, 105Ag, 10SCd which are channeb with large cross
sections. Even a weaker channel like 106Ag shows bet-
ter agreement with the experiment. Some of the chan-
nels like 108In, 107In, 104Cd are not sensitive to shell
dependence of level densities. However, agreement be-
tween theory and experiment worsens slightly in case
of 109In residue, which may improve with the inclusion
of emission of other clusters like deuteron, triton etc.
which are neglected in Pace2 or with a slight adjust-
ment of pairing or shell energies used in the calcula-
tion.

A comparison of' •-. p, alpha and gamma spectra ob-

tained from 95 MeV "F + n N b system using PACE2
code with liquid drop level densities and shell depen-
dent level densities with RKK formula is shown in Fig.
2. It may be seen clearly that the particle spectra are
not very sensitive to the level densities used in the sta-
tistical model code. Thus, measurement of excitation
functions of the residues muy be a better method of
studying level densities as compared to measurement
of particle spectra.
1 Radio Chemistry Division
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SEMICLASSICAL APPROACH FOR STUDIES OF TRANSFER REACTIONS IN "F ,
1 6O,uC+™Th SYSTEMS AT NEAR BARRIER ENERGIES

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

At near barrier energies, the importance of transfer
process invokes the study of multinudeon correlation
at nuclear surface. Transfer of nucleons at large reac-
tion distances can be described as tunneling through
a potential barrier. In the semiclassical approxima-
tion, the transfer probability is an exponential func-
tion of the distance between the reaction nuclei i.e.
PtT « exp[-2aZ?], where the transfer form factora =
y/2fiEt/h\ is the reduced mass of the transferred nu-
cleons, Eb is the effective binding energy of the trans-
ferred nucleon(s) and D is the distance of closest ap-
proach between the two nuclei. For two nucleon trans-
fer one expects aw a 2 (a^) , irrespective of whether
it proceeds through a sequential process as a corre-
lated(cluster) transfer[l]. Some studies observed the
expected difference in slope while in other cases find
"anomalous" slopes for the transfer for two nucleon-
s; the measured slope is less than expected; often as

. small or smaller than the slope observed for one nu-
cleon transfer[2,3]. In a recent work it is shown that
the slope anomally could be explained on the basis of
semiclassical models if the contributions from the nu-
clear and Coulomb branches of the classical deflection
function are considered[4].

We report here the experimental results obtained
on transfer reactions of 19F,16O,12C+M!1Th reactions at
near barrier energies at Pelletron accelerator facility,
Bombay. Beams of 19F in the energy range 92.0 MeV
to 113.5 MeV, " 0 of 86.2 MeV and 94.3 MeV and
13C in the energy range 58.8 to 82.2 MeV were used to
bombard a self supporting M2Th target of 1.8 mg/cmJ

thickness. The projectile-like particles (PLP's) were
detected in the angular range of 40° to 150° using AE-
E detector telescopes. It is seen that the angular dis-
tribution is nearly bell shaped and it becomes broader
with increasing nucleon transfer. As the beam ener-
gy approaches the Coulomb barrier, the grazing angle
shifts towards back angle and peak around 180° at
sub barrier energies. The angular distribution data
alternatively can be presented as transfer probability
Per (defined as Ptr~(da/dii)tr/(dtr/d{2)nuth vs the dis-
tance of closest approach D. At large distances the da-
ta show an exponential behaviour which is characteris-
tic of tunneling process while the deviations observed
at small distances may be related to the absorption
process. In order to exclude the nuclear absorption
effects, only data for ( ( . ( » D / ^ +A1/3)} > 1.6 fin
are used to calculate the slope parameter. In case of
wF+O 2Th reaction, the slope parameter for lp and

l a transfer agrees well with the calculated value at n-
ear barrier energies whereas the stripping of sLi, the
slope do not agree with the estimated values. For
uC,1*O-fsnTh reactions, the slope parameter of lp
transfer channel agrees well with the semi classical cal-
culations at sub barrier energies and deviates at higher
energies in uC+a s aTn reaction where measurements
have been carried out. The experimental slope pa-
rameter deviates largely from the theoretically calcu-
lated values Indicating the presence of slope anomaly
in these reactions.
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MULTINUCLEON AND CLUSTER TRANSFER IN »F+^Th, »»Np REACTIONS AT NEAR
COULOMB BARRIER

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

In heavy ion transfer and inelastic reactions be-
tween target and projectile nuclei, in general a num-
ber of mechanisms of different complexity viz. sequen-
tial transfer, cluster transfer and multistep exchange
etc. are involved. It has been experimentally observed
that in many heavy ion reactions, sequential nucleon
and a-duster transfer are the dominant processes fn
explaining the yield of various transfer products. We
report here some interesting features on nucleon and
higher mass transfers in 19F +731 Th™ Np reaction»
at near barrier energies.

The experiment was performed using 19F beam
from the pelletron accelerator, Bombay to bombard
a self supporting Th target of LBrng/an1 and a Ni-
backed Np target of 400 gm/cm2 thickness. The trans-
fer products were measured using AE(l9p) - £(500/i)
surface barrier telescopes at beam energies ranging
from 92.0 to 113.6 MeV for aF+mTh system and at
113.6 MeV for nF +°7 Np system. The cross section
measured at the grazing angle for different transfer
products are shown in fig.l as a function of number
of transferred nucleons (AN). It is seen that in the
region öf AN ~ 4, 8 and 12 the transfer cross sec-
tion show strong enhancements. The transfer prob-
ability at the grazing angle can be calculated using
Ptr = (<to/<M)tr/(do/dfi)nath. From earlier studies
it is known that P«r depends strongly on the ground
stete Q-value and one therefore expects certain en-
hancement in transfer cross section to result for Q-
value favoured channels. The variation of Ptr with the
ground state Q-value is shown in fig.2. It is observed
that Plr decreases exponentially with increasing neg-
ative Q-value and the enhancement in cross section
for l a and 2a transfer channels are largely explained
by the Q-value variations. However, for the transfer
channels leading to MC,10 Be and 7Li products AN*=5t
9 and 12 respectively) there still exist some enhance-
ments in the transfer probabilities over the systematic
Q-value variations. This feature is brought out more
clearly when we plot the ratio of the experimental Ptf
to the smooth fitted value as a function of the num-
ber of transferred nucleons AN (fig.3). It is seen that
for AN=ct9 and 12, the enhancements in the transfer
cross sections, seem to be related to the structure of
19F projectile, which favours simultaneous correlated
transfer of (a,p),(2a,p) and 3a clusters from the pro-
jectile to the target nucleus. It is also observed from
fig.3, that the enhancement factor has some depen-
dence on the projectile energy and there may be an

optium energy for favourable transfer of the dusters
from the projectile to the target nucleus.
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STUDY OF TRANSFER INDUCED FISSION IN 1»F+anTh REACTION AT 106.5 MeV

D.C. Biswas, R.K. Choudhury, D.M. Nadkarnl, B.K. Nayak and A. Saxena

Coupling of inelastic and transfer channels play
an important role in fusion reaction studies at near
barrier energies. In reactions with heavy targets, fis-
sion is one of the dominant decay modes following nu-
cleon transfer and transfer induced fission can com-
pete favourably with compound nuclear fission at sub
barrier energies[l,2]. In many heavy ion fission re-
actions, anomalous fission fragment angular distribu-
tions have been observed earlier and several model-
s have beep, proposed to explain the observed larg-
er anisotropy than that predicted by standard saddle
point statistical model calculations^]. The anisotropy
for compound nuclear fission is further enhanced if the
contribution of the transfer induced fission component
is excluded[4].

In the present work we have studied the transfer
fission probability and angular distribution of transfer
fission events in 19F +m Th reaction at 106.5 MeV.
The experiment has been carried out using 19F beam
from Pelletron accelerator, Bombay to bombard a self-
supporting M2T7i target of 1.8 mg/cm5 thickness. Two
surface barrier 4E(17/i)-E(5G0/*) telescopes were used
to measure the projectile like particles (PLP'a) and the
fission fragments were measured in coincidence using a
AEgB, — Ega, position sensitive ionisation chamber. It
is observed that the dominating transfer channels are
found to be 180,15JV and M C corresponding to lp , l a
and ( la , lp) transfer from the projectile to target.

In fig.l the transfer fission probability is plotted as
a function of excitation energy (£*) and it is seen to
increase with E' and mass transfer. The inplane fis-
sion fragment angular distributions were obtained in
the c m . frame of the recoils in various transfer reac-
tion channels corresponding to the emission of PLP at
diferent angles and is plotted in fig.2 along with Leg-
endre polynomial fit to the observed angular distribu-
tions. The fragment anisotropy (A) is found to depend
on the the angle of emission of the transfer particle.
The < P > values were derived from the fragment
anisotropies using the expression A= 1+ < I3 > / 4 Ä |
and is shown in fig.3. The < P > values are in the
range of 100 to 400 and show a maximum around the
grazing angle for all transfer channeb which is much
Jess than that obtained in the case of compound nu-
clear fission, as reported in earlier measurements for
this system[4,5].
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MECHANISM OF NUCLEON TRANSFER TO. COTINUUM STATES IN "5In(wC, x)
B.J.Roy, B.Srinlvaaan, M.G.Betigeri

and
H.CJaln*, M.LJUüngan*

The reaction mIn(uC,X), X ranging from 6Li to
MC has been investigated at the.Bombay Pelletron
(14UD) using 84 MeV "C beams. Hie energy spec-
trum of an emergent particle is typically characterised
by discrete transitions at low excitation energy and
an asymmetric bell distribution peaked at some op-
timal Q-value (Qopt) covering the transfer to contin-
uum states which gradually shifts towards the higher
value of excitation as the number of transferred nu-
cleon increases. The existence of optimum Q-value in
heavy ion induced transfer reactions is a characteristic
of direct reaction where certain kinematical condition-
6 are matched for the optimum transfer. Finite range
Distorted wave Born approximation (DWBA) do re-
produce the transfer crosssections and its angular de-
pendence to specific (lp-lh) states in 116Sn resulting
from one proton transfer reactions '). However such
calculations are difficult for transfer to the continuum
as one must sum over the whole spectrum of final s-
tates. In such cases it is not possible to account for
the crosssection into specific final states but only for
the averaged behaviour. Here we report the analy-
sis of the continuum energy spectra corresponding to
multinucleon transfers using the concepts of maximal
entropy formalism (known as surprise! analysis) sub-
ject to the constraint that the mean value of the energy
spectrum is the observed mean value corresponding to
Qopt in that particular channel3'. The essential new
concept is the determination of the final state distri-
bution as one of the maximal entropy subject to one or
a few constraints imposed by the dynamics of collision.

The distribution of maximal entropy, subject to
the constraint mentioned above becomes PMB(E*) =
P°{E")exp(-\0 - \iE") where the prior distribution
P° is proportional to the single particle level density
and is assumed to be that of a Fermi gas distribution

P°{E*) - ( 2 J + l)U~7exp2(aU)lf2

where U = E" - Etat - £^, r . The level density pa-
rameter a is taken as o = A/8 MeV. The average ro-
tational energy was calculated from the average angu-
lar momentum transfer calculated from the difference
between the initial and final grazing angular momen-
tum. The moment of inertia was taken as that of a
rigid body value. The pairing energy correction was
Epair - 126A-1/2 MeV, where « = 0 for an odd-odd,
=1 for an odd-even and = 2 for an evev-even system.
The rotational and pairing energy corrections for the
present systems are found to be small compared to the
average excitation energy. The Lagrange parameters

A, and \\ and hence the distribution of the maximal
entropy are calculated using the computer program
written by Alhassid et al •>. The one constraint fit to
the various channel data at an angle near the grazing
angle are shown in fig.l. Despite its simplicity of the
approach the one constraint fit gives a good account
of the data for all the exit channels shown here.

* Tata Institute of Fundamental Research, Colaba,
Bombay-400 005, India
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STUDIES OF SPIN DISTRIBUTION IN MSI,»O+ luIn FUSION REACTIONS AROUND THE
COULOMB BARRIER

B.K. Nayak, L.M.Pant, D.C.Biswas, A.Saxena, D.M.Nadkarnl and R.K.Choudhury

In recent years, there has been renewed interest
in the study of heavy ion induced fusion reactions, at
energies near and below the Coulomb barrier, due to
the experimental observation that the fusion cross sec-
tions are enhanced by orders of magnitude over what is
theoretically expected on the basis of one dimensional
barrier penetration model (BPM) calculations^]. Al-
so, the mean and width of the spin distribution are
found to be higher than those given by the theoret-
ical models. It is now, generally, accepted that cou-
pling of the relative motion to various other degrees
of freedom such as nuclear deformation, inelastic ex-
citation and nuclear transfer etc., can alter the trans-
mission probability through the barrier, thereby giving
rise to large enhancement in the fusion cross section
and also change the {-distribution of the fusion pro-
cess. In this paper, we report our investigation on
fusion /-distributions at near and below barrier ener-
gies, to bring out the importance of nuclear structure
and dynamics in governing the cross section and /-
distributions in the fusion process.

The reactions of 1 6 0+ 1 1 5 /n and nSi + m I n were
studied to measure the moments of the fusion spin
distribution at near and below barrier energies us-
ing the gamma ray multiplicity method. The fusion
events were selected by tagging with charged parti-
cles.evaporated from the compound nucleus. Gamma
ray multiplicity distributions were determined from'
the measured fold distributions using the moments
analysis procedure as discussed [2], and then convert-
ed to the spin distribution in terms of the moments
< I > ,< i2 > and < i3 >. ID a separate experi-
ment using a recoil mass spectrometer fusion evapora-
tion residue cross section oju, were measured for the
mSi + m In reaction. The results on the variation
of afut with the centre of mass bombarding energy is
shown in fig.l, alongwith the theoretical calculations
without and with channel coupling to incorporate the
deformation of the MSi projectile. The cross sections
are well reproduced at above and below barrier ener-
gies with the inclusion of channel coupling effects in
the barrier penetration calculations. The results on
< I > and < I2 > for both l6O+usIn and KSi+nsIn
reactions are shown in fig.2. It is seen that for 16O re-
action the uncoupled calculations already explain the
results quite well, whereas in case of MS», channel cou-
pling to projectile deformation is necessary to explain
the measured spin distributions.

Fig.3 brings out the effect of projectile deforma-
tion on the spin distributions more effectively, where

we have plotted the ratio of measured values and cou-
pled channel values of the moments of the spin distri-
bution to the corresponding uncoupled values for both
the systems. Here also it is seen that channel cou-
pling is necessary to explain the spin distribution in
38S» + u s In reaction at below barrier energies. It is
seen that all the higher moments of the spin distribu-
tion are simultaneously well reproduced alongwith the
fusion cross sections after incorporating the projectile
deformation and inelastic excitations in the fusion bar-
rier penetration calculations.
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Fig.2 Variation of < I >, < P > with bombarding
energy (a) "O+mln and (b) 3 8S»+U 5Jn reactions.
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MASS RESOLVED FRAGMENT ANGU-
LAR DISTRIBUTION IN MF+ »»Th SYSTEM

Bency John, Aruna N., Katarla S.K., Manohar
S.B.,Goswaml A. and Tomar B.S.

For compound nucleus fission, the mass dependence
of anisotropy over and above multichance fission cor-
rections, can arise either due to dependence of mass
asymmetry on < I 2 > or Kc? or both (anisotropy
« < P > (AK#,Kt? = J,//T/h3). For the case of
heavy icn induced fission, variation of < P > with
mass asymmetry is more significant than tbut of K&
and for systems with large Lent this effect can increase
anisotropy values for symmetric masses compared to
asymmetric. This effect has been observed earlier for
« O + m1h and 18O+ ^ U systems. Further investi-
gations on mass dependence of anisotropy, by varying
entrance channel fissility and angular momenta, are
however required for a sytematic study. In the present
work, we have measured mass resolved angular distri-
bution for 19F+ M2Th system at 108 MeV and 112
MeV [1] using recoil catcher technique. The experi-
ment was performed at

BARC -TIFR pelletron acclerator. Self supporting
thorium metal foil of thickness 1.3 mg/cm2 was placed
at 45° w.r.t. beam direction inside the fission irradi-
ation chamber and also the aluminium catcher foil-
s. High purity germanium detector was used to mea-
sure(offline) the yields of various products at different
angles caught by the aluminium foils. The gamma
spectrum analysis has been performed using SAMPO
code. Further analysis to obtain the anisotropy values
for different product masses are in progress.
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»

B.K.Nayak, D.C.Biswas and ILK.Choudhury

Heavy ion transfer reactions have been analysed
on the basis of Distorted Wave Born Approximation
(DWBA) or Semi-Classical(SC) models. At energies
below the Coulomb barrier, the SC model explains
the transfer process as long as the Coulomb trajec-
tory is not distorted to make the deflection function
multivalued. However, at above barrier energies the
quanta! effects become increasingly important1 and D-
WBA calculations have been successful in explaining
the first few discrete state transitions of transfer da-
ta. For heavy ion reactions occuring well above the
Coulomb barrier, continuum states are also strongly
populated, and one uses the diffractional DWBA mod-
el(DDWBA) for the analysis of the results. In this
model the DWBA matrix element is calculated on the
basis of diffractional model of Austern and Blair8. The
second ingredient is the lavel densities of the residu-
al nuclei for the calculation of the continuum states.
The input required for such a calculation are the radius
R = >\>(Ar

/3 -f A?*), the diffusivity d, and the phase
angle 60 which is the difference between the Coulomb
and nuclear rainbow, which can be slightly adjusted
to reproduce the experimental results.

In thb paper we report the DDWBA analysis of an-
ular distribution and energy spectra of transfer prod-
uct in the reaction of » F +™ Th at 106.4 MeV and
113.6 MeV. The experiments were carried out at BARC-
TIFR Pelletron accelerator using two 4£(19/x)-.E(500/i)
telescopes to measure the energy spectrum and an-
gular distribution of the projectile-like fragments of
3 < Z < 10. The angular distributions for all the '
transfer channels are found to be of bell shaped, peak-
ing at the grazing angles. The results of the DDW-
BA calculations for the mTh(l*,u )™Pa channel are
discussed below. Fig.l shows the* energy integreted
angular distribution of 16O products measured in the
»F+mTh reaction at 106.4 MeV and 113.6 MeV.The
dashed lines correspond to the calculations using only
Coulomb phase shift (60 = 0") and by taking n> = 1.48
fm and d=.539 fm respectively. It is seen that the cal-
culated angular distributions have the required bell
shape, but are found to peak at at somewhat higher
angles and have a narrower width for the lower energy
case. In order to reproduce the experimental data, it
was found to necessary to use 60 = 9° for 113.6 MeV
and also 60 = 5° and d=.65 for 106.4 MeV case.

The results on energy spectra of 18O ejectile are
shown in Fig.2 along with the diffractional model cal-
culations, corresponding to the good fit of the angular
distributions. A general agreement is seen between the

17

experimental and calculated energy spectra. Calcula-
tions have been done for other reaction channels and
the DDWBA model is found to reproduce the basic
features of transfer reactions involving a few nucleon
transfer.
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MASS-ANGLE-TKE CORRELATION FOR 108 MeV WF+ mB\ AND 99 MeV 16O+ lwAu
SYSTEMS.

Bency John, Aruna NM Kataria S.K., Goswami A.1, Tomer B.S.1, and Manohar S.B.1

Valuable insights into the dynamics of fusion pro-
cess can be obtained from studies in the area of average
total kinetic energy (TKE) and its width, the width of
fission mass distribution and the angular distribution
of the fragments and their correlations. Correlation
between angular and mass distribution is expected,
provided there is some meaningful difference in the dis-
tribution of K quantum numbers for different modes
of mass division. Further, for high spin systems, if
the angular momentum windows for different modes
of mass division are different, the angular anisotropy
, which is governed by the parameter p= <I3>/4Ko3,
can be different for these modes. We have measured
mass-angle-TKE correlation for 19F+ ""Bi system at
108 MeV and 16O+ 197Au system at 99 MeV bombard-
ing energy using Pelletron facility.

Experimental technique used was coincident frag-
ment kinetic energy measurement at two center of mass
angles using surface barrier detectors. Folding angle
distributions were measured using well collimated de-
tectors (A9 = 1°) at each c.m.angle. Stability of the
detector pre/amplifier ADC combination was moni-
tored using a precision pulscr. Peak to valley ratios
for 252Cf fission spectra for the two surface barrier de-
tectors used were around 2.7.

The results are given in table 1 for H. W. Schmit-
t's, H. Henschel's and E. Wiessenberger's calibration
procedures for ötm.«88* (set 1) and for 0«.™. ft« 19° (set
2) for "F+^Bi system. FWHMs of the distributions
are given in the brackets. The main source of error
given in the table is the target thickness effect. Sys-
tematic errors due to different calibration procedures
are reflected in the average kinetic energy values.

the spectra for the two detectors are hi good agreement
with each other only -when Henschel's procedure was
used. Fig. 1 shows the kinetic energy spectra in center
of mass system for the two detectors (Emi and Eemai
H.Henschel) and for the two sets.

Fig. 2 shows fragment mass versus anisotropy
W(19°)/ W(88°) for this system. Anisotropy is near-
ly constant for symmetric mass region (90-140 amu)
and shows a decrease for very asymmetric mass region.
This result is in qualitative agreement with our earlier
measurements using radio-chemical technique for 10B
and 13C induced fission of M2Th [1] and it confirms the
reversal of average trend of anisotropy versus mass, as
one goes from light ion induced fission to heavy ion
induced fission.

1 Radio Chemistry Division. References:

1. Bencv John et al. Phys. Rev. 51C 165 (1995).
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ANGULAR DISTRIBUTIONS OF PROJECTILE LIKE FRAGMENTS
IN 19F

B. S. Tomar1, Aruna N., A.Goswami1, B. V. John, A. V. R. Reddy1, G. K. Gubbl1, S. B.
Manohar1 and S. K. Katarla

The phenomenon of Incomplete Fusion has been
observed at as low energies as 5 MeV/amu. Here, only
a part of the projectile fuses with the target while the
remaining fragment escapes at a forward angle with
approximately beam velocity. The incompletely fused
composite nucleus is formed with enough excitation
energy to subsequently undergo particle emission.

In order to study this, we have measured the en-
ergy and angular distributions of projectile like frag-
ments using Silicon surface barrier detector telescopes.
A M Nb target was bombarded with 95 MeV 19F beam
from the Pelletron accelerator at Bombay. An angular
range of 15 to 140 degrees was covered in steps of 5
degrees. In addition to this, proton and alpha particle
angular distributions were also measured. The angu-
lar distributions of Oxygen and Nitrogen show maxima
at grazing angles indicating their formation by direct
transfer reactions while those for Z ~ 6 show sharply
falling Angular distributions with increasing angle in-
dicating incomplete fusion reaction (Fig.l).

The detectors have been calibrated using the elas-
tic peak as well as recoil protons from mylar target
and an Am-Pu alpha source. Using this the shapes of
the energy spectra for each particle type starting from
proton to oxygen can be obtained which will throw fur-
ther light on the process of emission of these particles.
'Radiochemistry Division
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MEASUREMENT OF ALPHA PARTICLE SPACTRA AS A FUNCION OF GAMMA RAY
MULTIPLICITIES

Aruna N., B.V John, B.K.Nayak, Alok Saxena, L.M.Pantv R.K. Choudhury,
S.K.Kataria,D.M.NadkarnI,S.S.Kapoor

Energy spectrum of alpha particles evaporated from
an excited compound nucleus may be softer than that
predicted by the statistical model due to deformation-
s arising from angular momentum effects. This phe-
nomenon may be studied by measuring alpha parti-
cle spactra in coincidence with gamma ray multiplic-
ities. We have measured alpha particle spectra using
silicon surface barrier AE-E detector telescopes in co-
incidence with the gamma rays using the BGO setup
available in Pelletron Laboratory at Bombay. The sys-
tems studied are:

(125,115 MeV) "Cl + wCo —>96Ru
Comparison of experimentally observed inclusive

alpha spectra at OO^8. and ISO4** with those obtained
from the statistical model code PACE2 is shown in
Fig. 1. Alpha spectra appear to be much softer as
compared to the theoretical spectra. Fig. 2 shows
alpha particle spectra corresponding to each gamma
ray fold varying from 0 to 7. It may be seen that the
peak position of the alpha spectrum does not vary as a
function of fold value. Measurement of inclusive alpha
particle spectra for the above system has been repeat-
ed in order to confirm the above result. In addition,
measurement of proton and alpha particle in case of
log +8»y _+ » R U n a s b e e n carried o u t j n o r d e r to g.
tudy the entrance channel effects on proton and alpha
spectra.
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INVESTIGATION OP PRESCISSION NEUTRON EMISSION IN 235U(nM,f) T H R O U G H
FRAGMENT-NEUTRON ANGULAR CORRELATION STUDIES

M.S. Samant*, R .P . Anand, R.K. Choudhury, S.S. Kapoor and D.M. Nadkarnl

Measurements of prompt neutron energy spectra
and angular distributions from mass and kinetic ener-
gy selected fission fragments were carried out in the
thermal neutron fission of 33S(/. The experiment was
carried out at the CIRUS reactor at Trombay using
the thermal neutron beam with a flux of about 107

neutrons/cm2/a. A back-to-back gridded ionization
chamber was used to measure the energies of the fis-
sion fragment pair and also the angle of emission with
respect to the electric field direction in the chamber.
A NE213 liquid scintillation detector was used for the
neutron energy measurements by the time of flight
method in coincidence with fission. The pulse heights
of the signals from the collectors (VeuV<a), the grids
(V,i,Vpj) of the ionization chamber, the pulse shape
and energy signals of the neutron detector, and the
neutron time of flight were recorded event by event in
list mode for further off-line analysts.

Experimental angular distributions of the prompt
neutrons with respect to the fragment direction were
determined from the analysis of the coincidence data
on the grid and collector pulse height distributions [1].
The center of mass neutron energy spectra were de-
termined by analysing the neutron coincidence events,
corresponding to fragment emission hi a cone of half
angle ±18° with respect to the direction of neutron
emission. The neutron multiplicity (V ) per fragment
was obtained by integrating over energy the neutron
yield per fission and after correcting for thti kinematic
focussing effects due to fragment motion. Monte Car-
lo calculations assuming neutron emission from ful-
ly accelerated fusion fragments were carried out to
determine the laboratory angular distributor« of the
prompt neutrons emitted from the moving fragments.
The experimentally measured values of neutron multi-
plicities and emission spectra (Figs.4 tc 5 of ref.2) were
used as inputs to these calculations.

The component of prescission neutrons as a func-
tion of fragment mass (M/) and total kinetic energy
(Ex) was determined by carrying out a three source
fit to the measured neutron angular distributions. The
three sources were taken to be: the two fission frag-
ments moving with their full velocity and the fissioning
nucleus at rest in the laboratory system. The laborato-
ry neutron angular distributions from the fully acceler-
ated fission fragments were calculated with the Monte
Carlo technique as discussed above and the prescission
neutrons were assumed to be isotropic in the laborato-
ry system. The multiplicities of the three components

were treated as free parameters for fitting the experi-
mentally measured neutron angular distributions for
various bins of fragment M/ and E*. The results
obtained on the prescission neutron multiplicity,^,,,)
averaged over all E# values are shown in Flg.l as a
function of fragment mass. The errors shown in the
data also include the uncertainties in the measurement
of neutron emission spectra and multiplicities, which
are used for the determination of Vpn . It is seen from
the figure that there is a dependence of i/p* on the
fragment mass, Vpn is seen to be slightly higher in the
doubly closed heavy fragment shell region ( M H = 1 3 2 ,

Mt=104 amu). Fig.l also shows for comparison the to-
tal neutron multiplicity,(pr) as a function of fragment
mass. The value of Vp„ averaged over all M/ and Eg
bins is found to be of the order of 0.25±0.05 neutrons
per fission, which amounts to about 10±2% of the to-
tal neutron emission per fission. It was also observed
that the fraction of prescission neutrons increases with
increasing fragment kinetic energy. This alongwith the
result on the variation of Vpr, with mass suggest that
a higher fraction of isotropic neutron emission results

• from comp ..t; scission configurations which are likely
to be observed for high E# events as well as in the shell
region of M/ = 132, where the fragment deformation
energy is small.

It is possible to draw certain inferences regarding
the saddle to scission time scale, if the entire prescis-
sion neutron emission is due to evaporation process
during the saddle to scission stage. In the thermal
neutron induced fission of 33SI7, the excitation energy
at saddle point is ~ lMeV, and during the saddle to
scission transition, there is a decrease of potential en-
ergy (~ 40 MeV) of the fissioning nucleus, which can
appear in different forms such as internal excitation

. energy (Ex), deformation energy of the nascent frag-
ments (Etf) and prescission kinetic energy (EK„) of toe
fission fragments. The division of the potential ener-
gy into E», Erf, and E/r0 depends very sensitively on
the dynamics of the saddle to scission motion and the
magnitude of the nuclear viscosity coefficient. Under
the assumption of a large viscosity, (E*o ~0), the up-
per limit on E c is 40 MeV. The saddle to scission time
(r/) was estimated from the observed average value
of the prescission multiplicity (Vpn « 0.25±0.05 ) us-
ing the neutron lifetime given by the evaporation code
PACE II (for the level density parameter a=A/10). It
is seen that for an upper limit of the value of Ex=40
MeV, the value of T/ ~ 3.22 x 10~ai s is compatible
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with the values obtained from heavy ion fusion fission
experiments.

* present address Nuclear Reactions Group, Tata In-
stitute of Fundamental Research, Bombay 400 006, In-
dia.
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SCALED MOMENT ANALYSIS
OF NEUTRON DISTRIBUTIONS

M.S.Sawanf, S.K.Kataria, A.K.Mohanty,
B.Nayak and S V S Sastry .

Scaled moment analysis of the neutron distributions
have been carried out to understand the mechanism of
the neutron emission in thermal neutron fission of "»1/
[1]. The variation of these scaled moments obtained as
a function of fission fragment mass and total kinetic
energy TKE show different behaviour in the light and
heavy fragment regions. These have been interpret-
ed as the contribution of the non-statistical emission
of neutrons in the fission process. It has been shown
that it is possible to obtain the moments of the non-
statistical component and of the statistical component
individually using this analysis. The detailed analysis
of the experimental data on neutron spectra as a func-
tion of fragwment mass and TKB is in progress. '

present address Nuclear Reactions Group, Tata Insti-
tute of Fundamental Research, Bombay 400 005
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Fig. 1 Vpn values as obtained from the three compo-
nent fit are shown in the figure as a function of frag-
ment mass o - Vpn, A - I T
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MASS, ENERGY CORRELATIONS AND FISSION FRAGMENT ANISOTROPY IN
11B +m Np and UO +*» Bi REACTIONS

L.M.Pant, A.Saxena, D.M.Nadkarni, D.C.Biawas, B.K.Nayak, B.V.Dinesh and R~K.Cboudhury

Fission fragment mass distribution is expected to
be determined during the saddle to scission transition
in the fission process, whereas, the angular distribu-
tion is governed by the property of the nucleus at the
saddle point. Study of the correlation of the fragment
anisotropy with fragment mass can provide insight in-
to the saddle to scission dynamics in fission reactions.

Measurements of mass and kinetic energy correla-
tions and mass dependence of fragment anisotropies
were carried out in WO +** S»(JEU = lOOAfeV) and
" B +3ST

 TVJKJSU = 76MeV) reactions. The energies
of the two fission fragment were measured in back to
back geometry to determine fragment mass distribu-
tions The measurements were done at forward and per-
pendicular angles to the beam direction. The angle
defining fragment detector was a AE-E detector tele-
scope with the E detector acting as a veto to eliminate
the elastically scattered events and was kept at 22deg
and 82deg angles to the beam direction. The other
detector was a large area surface barrier detector kept
at the corresponding folding angle to detect the com-
plementary fragments. A monitor detector was kept
in forward angle (20deg) to count the elastically scat-
tered particles for normalisation purpose. Fragmen-
t pulse heights measured in the two fission detectors
were converted into centre of mass pre-neutron kinet-
ic energies and masses by an iterative event by event
analysis using a mass dependent calibration procedure •
given by Weissenberger et al.1 and after applying cor-
rections due to energy loss in the target foil, reaction
kinematics and neutron evaporation effects. The mass
and energy spectra in the two detectors were found to
be in close agreement with each other.

Fig.l shows the results on the variation of angular
anisotropy with fragment mass for the two systems.
The anisotropy values were determined from the lab-
oratory yields at forward and perpendicular angles af-
ter converting them to the centre of mass frame. It is
seen that the fragment anisotropy does not vary signif-
icantly with mass and matches weii with the standard
saddle point statistical model calculatioi s, sz shown
by the dashed lines.

These results are consistent with the assumption
that the fragment angular distribution is decided at
the saddle point during the fission process and is not
affected by the mass division, which is decided at a
later stage during the saddle to scission transition.
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ELASTIC SCATTERING OP "B FROM *»B1

S. Kallas, P. Singh, A. Chatterjee, A. Navin and A.Shrlvaatava
V. Ramdev Rajt, D. K. AwasthT, S. K. Datta* and S. Mondal*

The strong energy dependence of the real part of
the heavy-ion optical, potential observed at Coulom-
b barrier energies is known as the "threshold anomaly
(TA)" and it has been seen in many heavy-ion systems
[1]. As the extent of TA for a given system can not be
calculated apriori exactly, it is necessary to determine
the same from optical model analysis of elastic scatter-
ing data. With this aim, we have made a systematic
study of the elastic scattering of U B from ^ B i . The
elastic data have been measured at E = 48.1,52.2,54.2
and 84.1 MeV and 49.8,52.8,54.3,55.8 and 64.8 MeV
using the Delhi and the Bombay pelletrons respective-
ly, employing one A E - E Si telescope and two E Si
detectors. These data combined with the ones avail-
able at 74.6 MeV [2] have been analysed using the
optical model code SNOOPY [3] with Woods - Sax-
on form factor for the potential.The elastic data and
the optical model fits are shown in fig.l. It can be seen
that the data are satisfactorily explained by the optical
model analysis. The volume integrals per interacting
pair.Jv and Jw, respectively for the real and the imag-
inary parts of the potential have been calculated by
integrating the potential over the region of sensitivity
(8 to 15 fm). It is found that the energy dependence of
Jv is rather weak near the Coulomb barrier (51 MeV)
and it can be concluded that the TA for the present
system is not very pronounced.

tosman ia University, Hyderabad,
'Nuclear Science Centre, Delhi References

Fig.l Elastic scattering of " B from ""Bi

cm.
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STUDY OF FUSION, TRANSFER AND QUASI-ELASTIC REACTIONS IN THE » F + 185Ho
SYSTEM

A. Navin, A. Chatterjee, S. Kallas, A. Shrlvaitava, P. Singh, S.S. Kapoor

Twhe study of various heavy-ion induced reactions
like elastic scattering, transfer and fusion has shown
that these processes are linked to each other. Such
studies in a single system are useful in understand-
ing these interconnections in a better way. As a con-
tinuation of our study of various aspects in the 19F
4- 1MHo system we have extended our earlier fusion
measurements to lower energies . In conjunction with
our earlier measurements, fusion cross-sections for cen-
tre of mass energies ranging from 7 MeV below to
12 MeV above the Coulomb barrier have been mea-
sured [1]. The average angular momentum of the com-
pound system was obtained from the fission fragment
angular distribution, in addition to the three method-
s viz. the 7-ray multiplicity, ratio of the evaporation
residues, the fusion excitation function reported earli-
er [1]. The transfer angular distributions and Q-value
spectra for one- and two- proton stripping channel-
(i have been measured in the 19F + 16sHo system at
110 MeV corresponding to large distances of closest
approach for Coulomb trajectories. The quasi-elastic
data was measured over a large angular range. Mea-
surements for transfer angular distributions were also
made at. a lower energy where only charge separation
was possible.

The measurements were made using the I9F beam
from the 14UD BARC-TIFR Pelletron accelerator fa-
cility. Targets for the fusion measurements ( ~ 250/ig
/cm3) vacuum evaporation on rolled Al. The total fu-
sion cross-sections at beam energies of 72,73,74,76,79
were obtained from the sum of the cross-section for
the 3n,4n,5n evaporation residue channels, obtained
by measuring the yields of the characteristic 7-rays
of the evaporation residues(offline) with an efficiency
calibrated HpGe. The I2 was obtained from the mea-
sured fission fragment anisotropies at 95 and 104 MeV
using a ges-ionization detector and 3 surface barrier
telescopes. The transfer Measurements were made at
lab energies of 110 MeV and 70 MeV corresponding to
energies 1.36V6 and 0.87V», where V» is the Coulomb
barrier using 3 surface barrier telescopes in an angu-
lar range corresponding to large distances of closest
approach for Coulomb trajectories. Mass separation
was possible only at highest energy. We have ear-
lier reported the transfer probabilities at energies of
75,80,85 and 90 MeV where only charge separation was
possible [2]. The transfer probability is defined as the
ratio of Q-integrated transfer cross sections a*,, and

the quasi-elastic (sum of elastic, inelastic and trans-
fer) cross-sections o^.

The large distance behaviour of the transfer prob-
abilities are expected to depend only on the tail of the
wave functions and hence the binding energy of the
transferred particle/s .From such arguments it is ex-
pected that the 2 nucleon probability would fall twice
as fast as the 1-nucleon transfer probability. The de-
viation from this expectation is sometimes referred to
as the slope anomaly [3]. The purpose of studying the
transfer reactions in this system was two fold, a) for
the understanding the slope anomaly and for extract-
ing the strength of the radial form factors to be used
in a coupled channel calculation for fusion. We had
recently suggested, based on work by Winther and col-
laborators [4] that the observed slope anomaly could
be explained [5] it if in addition to the normally used
Coulomb L ranch of the classical defection function (re-
lation between the impact parameter b or orbital an-
gular momentum I and the scattering angle 0cm)) one
also takes into account the nuclear branch (see fig. 1).

The transfer probability P(r is related to the angle
dependent distance of closest approach D as Ptr(D) =
PtT(D0)exp{-2a(D - Do)} where a is related to the
binding energy and Do is a scale parameter The trans-
fer process is usually treated as a perturbation to the
elastic channel. Using the above and considering an
incoherent sum of the contributions from the coulom-
b and nuclear branch of the deflection function , the
transfer probability can be written as PtT(D) =
P,r(Dnwi) a a a + ptr(DCo*) "Maa shown in fig.
2 are the transfer probability for the 1- and 2-proton
for the 110 MeV data as a function of the distance of
closest approach, D, for a Coulomb trajectory . As
can be seen from the fig. for the above barrier da-
ta at 110 MeV the 1 and 2 proton case nearly have
the same slope contrary to.simple expectations based
on binding energy considerations. The curves are re-
sults of semiclaasical calculations taking into account
the additional contribution from the nuclear branch in
addition to the Coulomb branch as mentioned above.
A more quantitative analysis with a the semiclaasical
model using a partial wave expansion for the transfer
cross-sections agreed well with the simple method de-
scribed above. Quasi-elastic scattering measured for a
large angular range at 110 MeV was used to obtain the
deflection function and the necessary optical poten-
tials. The strength of the form factors were obtained
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within a semiclaasical approach for use in a coupled
channel calculation for fusion.
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FUSION CROSS-SECTION FOR "C + Pt SYSTEMS

A.Shrivastava, P.Singh, S.Kallas, A.Chatterjee, A.Navin,
B.S.Tomart, G.K.Gubblt, S.B.Manohart

The enhancement of fusion cross-section in heavy
ion reaction at sub-barrier energies is usually explained
by envoking coupling to collective degrees of freedom
or by introducing the concept of neutron flow, leading
to neck formation and ultimately to fusion between the
colliding nuclei [1]. It is of interest to determine the
relative importance of these two different mechanism-
s to explain the near barrier fusion phenomenon. It
is clearly seen that fusion cross section increases with
increase of collectivity (&) and also with decrease of
neutron separation energies (Sn). The study of fusion
reactions in Pt-isotopes (192Pt and 198Pt) provides a
good possibility to explore which of these two mecha-
nism is more appropriate in explaining the sub barrier
enhancement, as Sn is lower for 19SPt and ß2 is higher
for l w P t . According to some preliminary calculations
done using the coupled channel code CCFUS, fusion
cross section for 192Pt is 10% larger than that, for 108Pt
at the barrier and 3 MeV below the barrier it is 25%.

Measurement of the evaporation residue (ER) cross-
sections was done for the system 12C+"°'Pt) at at
beam energeis 65 and 70 MeV. The Pt targets of thick-
ness 1.3 mg/cm3 were followed by an Al catcher foil.
The cross-sections were obtained by offline f -counting
of the ER using a HPGe detector.

The statistical model code PACE2 [5] with a=A/10
MeV"1, a / / a„a i , masses from Wapstra mass table
and Sierk fission barriers was used to predict the out- •
going channel populations of each Pt isotope. Residues
coming from 192Pt (0.79%) could not be measured due
to poor statistics.

In the case of 194Pt, l w Pt and 196Pt, the same ER-
s can arise from more than one Pt isotope. For the
residues originating from more than one Pt isotope the
measured cross sections were compared with the sta-
tistical model calculations appropriately weighted by
the abundance factors of the Pt isotopes. The residue
channel 206Po only arises from 1MPt at these energies.
However both 1MPt and 1MPt contribute to the pro-
duction of " ' P o . A comparison of the measured val-
ues with the calculations was made [6] and a good a-
greement is seen. The fission cross sections calculated
using the same statistical model parameters have also
been compared with the experimental values available
in the literature for the systems " C + iHi96,i»8pt [2.4].

In view of the general agreement between the cal-
culated and measured values for residue and fission
cross sections, we can rely upon the statistical mod-

el predictions for separating the relative contributions
from 198Pt and 198Pt in case of ER »»Pt. We have
obtained the fusion cross section for 12C + l w P t by
adding the fission cross section of ref.3 to the w 6Po and
J05Po cross sections measured in the present work.

The fusion cross section values for 1MPt are deter-
mined to be 289±28 and 572db mb at 65 and 70 MeV
respectively. These values are matching with the Bass
model predictions. In continuation of this work we will
be measuring fusion cross section for 1MPt using en-
riched isotope.
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FISSION T I M E DELAY FROM FISSION A N D EVAPORATION RESIDUE MEASUREMENT
I N 19F +178Lu SYSTEM

A. Shrlvastava, A. Chatterjee, S. Kallas, A. Navta, P. Singh

Understanding of fission dynamics and its effect on
fission time scales from heavy ion induced reactions is
a topic of current interest. In the past few years var-
ious measurements like pre-scission particle multiplic-
ities, K-shell vacancy production, crystal blocking «to
have indicated that fission is relatively a slow process
and has some intrinsic delay time of the order 10-50
x 10~21 seconds [1]. Very recently it has been shown
that measurement of evaporation residue cross-section
[2] and fission probability excitation functions [3] can
also be used as sensitive probes to study fission dy-
namics. The intrinsic delay in fission is interpreted
in terms of nuclear viscocity or friction due to which
motion of fissioning nuclei towards scission is heavi-
ly damped. At high excitation energies when particle
emission lifetimes are comparable to this delay time
fission competition is suppressed compared to particle
emission [4,5], As a result ER cross-section is enhanced
and the fission cross-section lowered. The effect of
this is to decrease the fission probability P / defined a»
the ratio P / = tT/u$/(,^/ui + Gen), which In this way
becomes sensitive to fission delays. Measurement of
fission probability over a wide range of excitation en»
ergies to cover a broad range of P / values is required
to determine the fission delay.

In order to exploit this expected sensitivity of the
fission probability to the fission delay times we have
started a program of simultaneous measurement of
ajitt and aBR over a large energy region of excita-
tion energies. In the present work we have measured
fisson cross-section at energies 98, '103 and 108 MeV
using self supporting rolled 17BLu target of thickness
2.5mg/cm3. Fission fragments were detected in three
surface barrier telescopes (AE = 11-20 fi m and E »
100 fi m) over the angular range of 90 to 170 degrees.

Fission cross-sections measured at energies 98,103
and 108 MeV are 70, 147 and 282 mb. In future we
are planning to measure ER cross-sections to get the
total cross-section and to extend our measurements to
higher energies.
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QUASI-ELASTIC SCATTERING FOR » C + ^ T h SYSTEM

A. Shrlvastava, P. Singh, S. Kallas, A. Navln, A. Chatterjoe, A. Kwrnlk

At near barrier energies fission fragment anisotropies
for »C + "»Th and WF + » U were «wind [1,2] to be
larger than predicted by the saddle point model. One
of the reasons can be that the mean-square value of
the spin distribution < P > as calculated by Wong
model is underestimated. In the present work we have
not only measured the quasielastic(QE) scattering da-
ta for "C+^'Th system at near barrier energies but
also determined the < P > from the analysis of fission
data.

The experiment was done with UC beam obtained
at energies 64.3,66.8 and 73.8 MeV on 250g/cm2 nat-
ural Th target with 600/xg/cm3 AI backing. Fission
fragments and quasi elastic events were detected with
a 20jun ÄE + E(thick) Si-telescope, and a gas plus
Si- detector set up consisting of a common AE (gas)
followed by 3E-Si surface barrier detectors kept at 9° a-
pacing. Measurements were done in the angular range
of 80° -170° (lab).In the present work most of the
strongly excited inelastic(rototional levels of 233Th)
and transfer channels merge with the elastic peak. As
such what we measured is really the quasi- elastic s-
cattering.

In general OY = o*+on where an » oon + «Tf.
Here ODR consists of inelastic and transfer channels.
In the present case it can be written as or *• aQE +O"F
as OQB — tTtt+0DR< Oeschler [3] has shown that an
optical model (OM) analysis of QE dato will yield a
of the compound nucleus. With this motivation we
have analysed the quasi-elastic data using the optical
model code SNOOPY [5] .We have compared [4] erf-
and the corresponding < P > values determined from
an OM analysis with apu» (OF) «ad the correspond-
ing < P > values [1] (deduced from Wong model fit
to <rpu»)' There is a good agreement between the op
values determined by the two methods. However the
< P > values from the QE method are significantly
higher. Even though the fusion anisotropies calculated
(using the < P > values) from QE are larger than the
ones obtained from analysis [1,2] of fission dato using
the Wong model, they are still smaller when compared
to the experimental anisotropy values.
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ENTRANCE CHANNEL DEPENDENCE IN *TL1, »B, UC, WO AND n¥ + » U Systems

A. M. Samant, S. KaUas, A. Chatterjee, A. Navln, A. Shlvastava, P. Singh, S.S. Kapoor and M.
S. Samant

The pre-equlibrium model was proposed to explain — '
the observed abnormal fission fragment anisotropy val-
ues in heavy ion induced fusion-fission reactions [1].
According to this model, the measured anisotropies as
a function of channel dependence across the Businaro-
Galtone ridge (B.G.), is the characteristic signature of
the pre-equilbrium fission. We had observed previous-
ly such entrance channel dependence in case of the
systems, 10B, »C, w 0 , »F + '»Th, »»Np.

In the literature, data were available for fission ex-
citation functions and fission fragment angular distri-
butions for the systems, 6-7Li, "B, n C and ttO + »»U,
having fissility similar to the Th and Np systems. 1b
investigate whether the similar entrance channel de-
pendence exists for these systems also, we have car-
ried out mearsurements for the fission fragment angu-
lar distributions for the systems "B + ""U, at lab.
energies 58, 62, 66, 70 MeV and MF + *»U at 104,
108, 112 and 115 MeV. The uranium target of thick-
ness 250 fig/cm7 was deposited on a 400 fig/an2 a-
luminium foil. The fission fragments were detected
using three Si-telescopes (AE 11-17 fim) and a Gas-Si
telescope, in which AE^, (using P10 gas at 10 torr
pressure) was backed by three Si-E detectors seperat-
ed by 10°. A 300 urn Si-detector was kept at 40°, to
monitor the Rutherford scattering. The angular dis-
tributions were measured in the angular range of 80°
to 180°. The experimental anisotrpies are plotted in
F i l

& = ft.«. + <? - B/(l) - ft ,(J) - En (3)

Here, the spin dependent fission barrier Bf(l) and ft,(Q,
the ground state rotational energy were calculated us-
ing the Sierk model. The energy carried away by the
pre-scission neutrons, En, is given by

ft = »>„($,+2T) (4)

where, B„ is the binding energy of the neutron and
npre are the no. of pre-scission neutrons. The SSPSM
prediction are shown by the solid and dashed (with
and without i y , corrections respectively.) in Flg.l.

In the energy region ft.m./Vß > 1.1, where there is
less influence of Coulomb barrier, the projectiles hav-
ing Ap < 12 , have aniaotropiea consistent with the
SSPSM. However, the heavier projectiles like MO and
MF show large discrepancy between the experimental
values and the SSPSM predictions. This is a clear indi-
cation of the entrance channel effect and reemphasises
the importance of pre-equilibrium fission in the heavy
ion induced fusion-fission reactions.
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parameter a = A.,/8), the excitation energy is given
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FISSION FRAGMENT ANGULAR DISTRIBUTIONS IN >*F + m B l SYSTEM

A. M. Samant, S. Kallas, A. Chatterjee, A. Shlvastava, A. Navln, P. Singh, S.S. Kapoor and M.
S. Samant

Fission fragment angular distributions were stud-
ied in many heavy ion induced fusion-fission reactions
using tar gets such as m T h , **U, and "*Np with var-
ious projectiles from 6>7L1 to MF [1]. At near-barrier
energies, i.e. E^/Va < 1.1, it was observed that all
these systems exhibit anomalous anisotropies irrespec-
tive of the projectile-target combinations. This was
suggested due to the fusion barrier dependent effects
on the anisotropies.

However, from the literature data (2], for the sys-
tems WO + **Pb, **Bi and WF + »»Pb, it was ob-
served that the SSPSM, with moderate correction for
the pre-scission neutron emission, could reasonably ex-
plain the fission fragment angular distribution data
over the entire energy range from sub-barrier to well
above barrier energies. 1b understand this puzzling
feature, we have carried out the fission anisotropy mea-
surements for the system 19F + **Bi. We bombarded
"F beam with energies 87, 88, 90, 93, 96, 100, 104,
108,112,115 and 123 MeV on the self supporting ""Bi
target of thickness 250 fig/cm3. The experimental de-
tails are given elsewhere [3].

Fig.l shows the experimental fission excitation func-
tions compared with the Wong model prediction«. The
pre-scission neutron correction was done using the ex-
perimentally measured transition time (5] and the neu-
tron widths calculated using PACE2. In Fig.2, the fis-
sion fragment anisotropies are plotted along with the
SSPSM model predictions with neutron corrections.

The data shows a very good agreement with the
SSPSM predictions. This is similar to the earlier ob-
servations for the systems WO, WF + ""Pb and
WO + *»Bi.

From these results it is suggested that the defor-
mation of the targets may be playing a significant role
in deciding the fission angular distributions. It may be
noted that the SSPSM model gives a good prediction
for the spherical targets like **Pb and "»Bi. There-
fore, for the deformed targets like »"Th and » U , it is
necessary to do extensive coupled channel calculations
which can explain the large < t1 > - values.
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PRE-SCISSION CHARGED PARTICLE EMISSION IN » F + ^ T h

Chatterjee, A. Navln, S. Kallas, P . Singh, D.C. Biswas, A. Xarnik and S.S. Kapoor

The influence of nuclear friction leads to the drar
matic effect of a «me delay ~ 10 - 50 x 10"J1s in
the fission process. In the literature, fission delay has
been investigated by a number of measurements of pre-
scission neutrons, iv«[l-3], protons and or-particles,
npr, arid 0^,(4,5] and electric dipole r rays , -)>r.(6],
leading to the conclusion that the fission time-scale,
tju, is much longer than that expected from the stan-
dard statistical model. These results imply that the
dynamics of the fission process involves overdamped-
motion. Transport models[7] successfully describe the
time evolution of the fission process, taking into ac-
count the dissipative effects of friction.

The conclusions from measurements of pre-scisslon
charged particles (protons and a-particles) initially ap-
peared to be inconsistent with those obtained from the
other measurements. However, a more careful analy-
sis^] of the data for MSi+164Er at 185MeV could re-
solve this problem by considering simultaneously the
effect of deformation on emission barriers and parti-
cle binding energies. Moreover, in this analyses, the
presence of a deformation dependent barrier could be
used as a handle to separate the pre-fission time s-
cale, t/k« into the pre-saddle, t* and post-saddle, t,w

components.
We have carried out a measurement of the multi-

plicities of pre-fission protons and a-particles in the
reaction " F + ^ T h at 104,110,116 and 118 MeV us-
ing beams from the B ARC-T1FR14UD Pelletron. The
aim of the measurement was to obtain data in a high-
er fissility domain than that of the previous detailed
analysis(5] near A~200. The extraction of t/<,. and it»
separation into U and W components Li also impor-
tant from the view point of the systematic» of these
quantities as a function of the fissility, x which has
earlier been given only on the basis of plausibility ar-
guments [2].

Protons and a-particles were detected in two NeJ
detectors of 45mm diameter with Havar windows. Fis-
sion fragments were detected in a position sensitive
gridded ionization chamber telescope. The fission -
charged particle coincidence spectra were analysed to
separate the pre-fission and post-fission components.

The adjoining figure shows an analysis using the
code JOANNE2[5) of the present ay» and a^ data
along with earlier measured i y . data(3]. The solid
lines are calculations with pre-saddle and saddle-to-
scission time scales of (9±6) x 10-"s and (22±7) x
10-Ms respectively. The dashed curves are calculations

with no delay.
Thus, we have been able to understand simulta-

neously the data for pre-sclssion neutrona and light
charged particles and extract consistent values of t*
and t,*. The extracted time scales are in conformity
with the systematic» of refj2).
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DELTA DECAY IN NUCLEAR MEDIUM

B.ICJaln and Bljoy Kundu

Modern day Nuclear Physics studies mostly deal
either with the interaction of heavy-ions (of varying
energies) or the interactioin of hadrona (like, protons,
pions, etc.) at intermediate and high energies with nu-
clei. The reactions induced by them, because of large
energy being available, always involve the production
of hadronic resonances. Earlier, when the focus of nu-
clear research was on the nucleonic sector alone, these
resonances were considered just a source of loss of the
beam flux and their effect was incorporated through
the imaginary part of the optical potential or some
similar quantity. In recent times, when the attention
has shifted to the study of these resonances themselves,
their production is being viewed as an opportunity to
explore their dynamics and the modification in their
properties and those of the mediating boaon(s), which
excites them in the nuclear medium. We explore here
the propagation of the delta resonance in the nuclear
medium via the. (p,p'jr+) reactioin.

A formalism has been developed which assumes
that the incoming proton at some point r interacts
with a nucleon in the target nucleus through the ex-
change of a single pion. By this, the target nucleon
gets excited to A++ and the nucleon in the nucleus
suffers a spin-isospin flip. This spin-isospin flip pro-
vides one unit of spin and isospin to the beam proton
as the delta has both spin and isospin equal to 3/2.
To balance the momentum in the final state, the tar-
get nucleon also gets accelerated by the momentum
transfer, q (larger than about 250 MeV/c), because
the delta excitation takes only energy, but no momen-
tum. The delta then propagates from the point r to r*,
where it decays into p and n+. This decay point may
be inside or outside the nucleus. During the propaga-
tion, the delta interacts with the nuclear medium and
acquires a "collision broadening" in its intrinsic width.
The decay products, proton and p\-»n, of the delta, if
the decay occurs inside the nucleus, also interact with
the nucleus before they are detected in the experiment.

Using the optical potential description for the delta
broadening and the pion and proton interaction with
the nucleus, the final expression for the cross-section
in the eikonal approximation works out to

da=[PS]<\Tfi\
2>,

where PS is the phase space factor and

<\T,<\*>- I < Av» > PI < ̂  >

(i)

(2)

< r >'s are the spin-isospin factors for the p-+p/ir+

and p-»n in the target nucleus. The factor,

Ffi J (3)

where, #(r ;k 4 , / i ) , includes all nuclear effects on the
delta and its decay products for finding a proton and
a pion in the detector with the torttl momentum, k^ =
kp +k*, and the invariant mass, /i, if a delta is pro-
duced at a point r in the nucleus.

For a sharp nuclear surface, # can be split into two
parts,

M (b,*), (4)
where, $„ and Phi^t describes, respectively, the con-
tribution if the delta decays inside and outside the nu-
cleus. The relative contribution of these two functions
is determined by the intrinsic decay length,

(5)

of the delta and the speed of the beam proton. At the
peak of the mass distribution the ratio, $in/$<mt -»0,
as the beam momentum, kp —• oo. Using thb for-
malism calculations have been done for 12C and aosPb
nuclei for several beam energies between 500 MeV and
2 GeV. Some typical results are shown in fig.l.
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QUASI-ELASTIC (sHe,t) REACTION

B.K.Jain and NeeUma G. Kelkar

The measured triton energy spectra in the ('He.t)
reaction at intermediate energies show a broad bump
around 300 MeV excitation and another around 50
MeV. The former is understood to arise from the ex-
citation of a nucleon in the target nucleus to the delta
isobar and the latter to the quasi-elastic charge- ex-
change scattering, sHen-»tp, of 3He on a nucleon in
the nucleus. Both of these reactions, thus, involve the
spin-isospin piece of the nucleon-hucleon interaction.
Only difference being that in one case it is in the delta
sector while in another it pertains to the nucleon sec-
tor. An earlier study of these two processes by us in
pp scattering indicates that, despite both of them be-
ing spin-isospin excitations, their microscopic descrip-
tions differ. The delta excitation seems to be mainly
mediated by the one-pion- exchange, while the pn-»np
reaction requires a rho-exchange in addition. Motivat-
ed by this observation, we have now microscopically
Investigated the inclusive (sHe,t) reaction on 12C nu-
cleus at 2 GeV, where the experimental data from Sat-
urne exist. Using the one-pion- plus one-rho-exchange
prescription for the underlying pn—» reaction a DW-
BA formalism has been written for the quasi-elastic
(3He,t) reaction. The parameters of the interaction
are such that the resultant t-matrix for the pn—»np re-
action is consistant with tbat determined empirically
by Love and FVeney. Using realistic nuclear wave func-
tions and the distortion parameters for 3He and triton,
the triton energy spectra are calculated at several an-
gles. A typical result is shown in the figure. On the
whole the calculated results reproduce the measured
cross-sections.
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LARGE MEAN FREE PATH OF PIONS IN THE NUCLEAR MEDIUM PRODUCED IN
REACTION IN THE d-RESONANCE REGION

Arun K. Jain

It is well known that pions with energies away from
the P33 ^-resonance region, e.g. around 500 MeV ki-
netic energy have significantly long mean free path1

(mfp), around 2.5 fm. On the other hand the mean
free path for about 200 MeV pions (in the ^-resonance
region) is used to produce secondary pions in (n, 2it)
reaction then while the incident pion has a large mean
free path the two outgoing pions should have short
mean free paths. In the experiment where the inclu-
sive scattering of 500 MeV pions from carbon target
nucleus is studied the region around 300 MeV ener-
gy loss corresponds to the 6 —resonance region. The
data from ref.2 for two scattering angles of pions, at
50° and 70s is seen in fig.2. The peaks around 110
MeV and around 190 MeV energy loss for 50° and
70°data respectively correspond to quasifree n —p s-
cattering. Intra—nuclear cascade (INC) calculations
are seen in fig.2 to reproduce these quasi—free scatter-
ing peaks. However, the problem arises in understand-
ing the behaviour of the region around 300 MeV energy
loss where it is seen that the INC calculations under-
predict the cross sections by a large factor. It is to be
noted here that this is the region of A —production
where the ( ir,2n) reaction dominates. In the INC
calculations the mean free path of tthe pions used in
this energy region is very small. It has however been
pointed in ref.2 that the observation can be reproduced
nicely if the mean free path of the final state pions is
increased substantially, the no-interaction time has
increased to 2fm/c.

In the present work the large mean free path of the
two final state pions can be understood if in the direo
t reaction process the initial and final state summed
kinetic energies are matched at each point of space.
This matching of kinetic energies of initial and final
state in turn leads to matching of the summed poten-
tials because of the total energy conservation. For the
present case in the initial state the 500 MeV pion po-
tential summed with the p—nucleus potential should
be equal to tthe final state summed potentiate of the
two 180 MeV pions and the residual nudeon—nucleus
potentials. Which leads to the conclusion that the two
final state pions should interact with the residual nu-
cleus in the same way, or even less strongly than the
incident 500 MeV pion. This therefore explains how
the long mean free path arises for the two outgoing pi-
ons in the 3—body situation as compared to the small
mean free path for the corresponding 2—body situa-
tion.
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MISMATCH O F INITIAL AND FINAL STATE HAMILTONIAN I N D I R E C T BREAK-UP
REACTIONS

Arun K Jain and S. Mythill

Distorted wave calculations have become a com-
mon method of analysing the direct nuclear reactions.
The strong transition interaction is normally taken to
be a short range component of the nuclear interac-
tion between the lighter of the incident and exit parti-
cle and the chunk getting the large momentum/energy
transfer. It can be easily visualised that at the transi-
tion point there should not be a mismatch between the
initial and final state except for the effect caused by
the transition interaction of the reactants (which only
changes the relative momenta and/or kinetic energies).
However it is a common observation that there exists
a large mismatch between the initial and final state
total kinetic energies or the total potential energies in
almost all direct reaction transition. This mismatch is
a common drawback present in any DWJ3A or DWIA
analysis of transfer or knockout reaction.

The mismatch can be visualised in many aspects
of the transition stage. One can feel it either in the
dynamics of the reacting partners or in the relative ki-
netic energy of the reacting partners. In the case of
the centre of mass of the reacting partners one can see
that In almost all the DW calculations or even in the
plane wave (PW) calculations at any point in the dis-
torting potential thb cm. changes its kinetic energy
in going from initial to final state. However as there is
not relation between the relative motion of the react-
ing component and their centre of mass there should
be no change of the cm. motion at any transition
point. The change of the cm. motion arises as a result
of the use of two-body phenomenological potentials in
ail essentially three-body dynamics. Can one choose
potentials in the initial and final states independently?
In the case of relative motion of the reacting partners
again one finds the same anomaly that at the transi-
tion point in the threebody case the relative kinetic
energy changes while going from the initial state of
the final state. Thjs does not happen in the two-body
case. This mismatch causes a reduction of the transi-
tion probability and hence an underprediction of the
reaction cross section. In order to match the underpre-
dictions with observations researchers have been using
large radial extent of the bound state potentials or
leaser strength of the distorting potentials so that the
radial extent of the bound wave function is increased.
With this procedure, however, the shape of the angu-
lar distributions and the energy sharing distributions
are worsened besides introducing a clear disagreement
with the size of the target nucleus.

It is seen in figs.1 and 2 that the summed distort-

ing potentials of the initial and final states for various
(p,po) and (cr,2a) knockout reactions differ widely in
die nuclear surface region where these reactions are
mainly localized. This disagreement is much larger for
the (a,2a) reactions where the DWIA predictions are
much smaller than the observed cross sections. In the
situation where one uses a larger extent for the bound
wave function one sees in fig.2d that the summed ini-
tial and final potentials cross over in the region of the
localization of the reaction. In the case of realistic
bound potentials the summed potentials are seen to
differ widely (see fig.2c).

This investigation therefore asserts that the fault of
the distorted wave calculations in not reproducing the
experimental data lies in the use of 2-body potentials
for an essentially 3-body dynamical state. It also indi-
cates that the 3-body state in a direct reaction should,
be described by less distorting potentials which arise
from the matching of the initial and final state.
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SEMI CLASSICAL METHOD TO ESTIMATE TRANSFER STRENGTH FUNCTION

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

It is well known that the couplings of particle trans-
fer channels broaden the fusion spin distribution. The
particle transfer parameters like the transfer strength
, the range and the transfer Q values , are importan-
t inputs to the coupled channel calculations for fu-
sion. In the coupled channels (CC) code CCFUS this
transfer strength function is assumed to be a constan-
t and is evaluated at the barrier position. However,
this transfer strength function used in CC calculations
must be consistent with experimental transfer data. In
the present work, the semi-classical method is followed
to estimate the transfer strength and range parameters
using the experimental transfer angular distribution-
s. The transfer strength thus obtained is used in C-
C code (CCFUS) to estimate the fusion . It is seen
that for " O + ^ P b system , this method gives very
broad fusion spin distribution (see solid curve in flg.l
) as compared to CRC results using FRESCO (squares
in fig.l) for roughly the same fusion cross section at
80MeV lab energy.

It is known that the channel couplings give rise to
energy dependent effective one channel potentials. In
case of elastic channel, this is known as threshold anoma-
ly. Similarly, channel couplings are expected to renor-
malise the effective transfer strength as a function of
energy. Therefore, the CRC transfer angular distribu-
tions obtained from FRESCO for " O + ^ P b system
were analysed using the semi classical method to es-
timate the effective transfer strength functions corre-
sponding to the n,p,a transfer channels considered in
CRC calculations. The effective transfer strength at
the distance of closest approach (see fig.2 ) is strongly
energy dependent with sharp increase at around bar-
rier energies and decreases on either side as a function
of energy. At low energies , the distance of closes-
t approach is large and the overlap of nuclear densi-
ties is small and consequently the transfer strength is
expected to be small. The experimental transfer da-
ta of UO +** P i .^O+^Th systems were also anal-
ysed using the above method and the deduced transfer
strengths were found to be strongly energy dependent.
In case of MO+**Pb system, the transfer strengths at
the barrier position (11.3fm) for p and a transfer chan-
nels are 1.2 MEV and 1.93MeV respectively at 80MeV
and decrease with energy to the values 0.48MeV and
0.37MeV respectively at 90Mev lab energy.

e.ee
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ON THE WKB METHOD FOR FUSION

S.V.S.Sastry and S.K.Katarla *

Heavy ion reactions are described by the Coupled
reaction channels (CRC) formalism [1], in which e-
lastic and all the reaction channels are coupled. In
this formalism, fusion is estimated as the flux that
leaves the Coupled channel (CC) system by means of
short ranged imaginary potential [1] or by using WK-
B method for transmission through the corresponding
barriers {2). It is believed that the Optical model (OM)
absorption of flux with short ranged imaginary poten-
tial gives the same results for fusion as WKB method
for transmission of flux. However at deep sub-barrier
energies it was observed that the OM predicts an in-
creasing trend of Fusion Mean Square Spin (FMSS)
with decreasing energy, where as the barrier transmis-
sion models predict saturation {3].

To understand this OM enhancement of FMSS (al-
so denoted by <L?> over WKB results, we studied the
partial wave distribution of flux absorbed as a function
of radial cut-off parameter (Rf) , given by:

aL
r \uUr)?W(r)dr= r A(r)dr(l)

Jo Jo

and < I? > aL

Here u/,(r) is the radial wave function obtained us-
ing OM potential parameters, Vo = 60.5MeV,r0 =
1.179/m,oo = .658/m,W0 = 1'OMeV,», = 1.0/m,^ =
0.4/m,re = 1.2fm. For small values of Rf , the mean
square spin shows saturation at low energies, consis-
tent with predictions of barrier traversal methods. As
R F increases beyond the barrier position ,<L3> al-
so increases at low energies indicating that absorption
beyond the barrier accounts for this difference with
WKB method.

Further insight in this long range absorption is
gained by the study of the radial distribution of flux
absorbed denoted by A(r) in eq.l . Fig.l shows A(r)
as a function of radial separation for different partial
waves at 72 MeV (fig.la ) and 80 MeV (fig.lb) lab
energy. It can be seen that the A(r) exhibits multi-
ple peaks, the lowest one corresponds to absorption to
the left of the barrier position (R*=llfm) as used in
the standard barrier transmission models. The next
significant peak corresponds to absorption around the
classical turning point (CTP) . This result is expected
at low energies as discussed by Broglia and Winther
[4]. Following the procedure of ref.4 , the distance R„,
, where the long range contribution is maximum can
be obtained from,
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here, q=2«/k ,k is incident wave number,»? is Som-
merfeld parameter and K is the i&vsrse of diffuseneas
parameter of the fusion imaginary potential of eq.l
These Rm values for different partial waves at differ-
ent energy are indicated in parentheses hi figs.l(a,b).
Thus, it is at low energies the absorption around CTP
contributes significantly , where as at high energies the
lowest peak only contributes. The other peaks have no
significant contribution to the integral. In conclusion,
the WKB transmission in CC codes like CCFUS [2]
must be modified to include this contribution arond
CTP following Winther's prescription [4].

* This study is based on the discussions with Prof.
U.Thompson on our manuscript ref.3 .
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EFFECTIVE POTENTIALS FOR HEAVY ION REACTIONS

S. V. S. Sastry , S. K. Katarla and A. K. Mobanty

It is well known that the Coupled Reaction Chan-
nels (CRC) formalism is successful in describing the
heavy ion reactions. In this method, the elastic chan-
nel is coupled to all the reaction channels and fusion
is obtained by using short ranged imaginary poten-
tial for each channel. The study of various heavy ion
reactions has brought out many aspects of these chan-
nel coupling effects like , the sub-barrier fusion cross
section enhancement , broadening of fusion spin dis-
tribution and Threshold Anomaly (TA) seen optical
model analysis of elastic scattering. There are many
attempts to represent the effects of channel couplings
as effective local one channel potential. These effective
potentials are strongly energy and angular momentum
dependent. The E and L dependence of fusion poten-
tial inferred from CRC results is shown to be implicit
through radial kinetic energy [1].

Optical Model Potentials ( OMP ) is consistent with
the experimental results for both elastic and fusion
channels . In conclusion, the e dependence of OMP is
consistent with DR and is a good approximation for
the analysis of elastic angular distributions and fusion
data.
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The effective elastic channel potential can be ob-
tained from the CRC wave function using the algebraic
relation,

( T+VtJ,{r) + Vc(r

The V,ff(r) defined above b known as Trivially E-
quivalent Local Potential ( TELP ) [2] and is wave
function equivalent and can bo obtained except where
the wave function has nodes. The TELP obtained
from CRC calculations for " O + ^ P b system using the
code FRESCO have been found to be strongly E and L
dependent [3]. It is seen that the E and L dependence
of TELP is implicit through the radial kinetic ener-
gy ( . The weighted L-averaged potential is shown to
satisfy a Dispersion Relation ( DR ) as a consequence
of Causality condition on wave function and potentials
[2,4]. Assuming that DR is valid for each partial wave,
as a consequence of e dependence of TELP, the DR can
be restated as,

It is shown here that the real and imaginary parts of
TELP are consistent with a DR in e variable. The solid
curve of fig.lb is dispersion correction obtained from
the solid curve of fig.la . It is seen from fig.l(a,b) that
the effects of channel couplings are maximum at the
barrier energies and the imaginary potential is small
at high energies. It is seen that this e dependence of
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FUSION TIME SCALES AS A FUNCTION OF ENTRANCE CHANNEL MASS
ASYMMETRY IN DIFFERENT FISSILITY REGIONS

Klran Kumar, R. K. Cboudhury and A.Saxena

There is a large body of experimental data in heavy
ion induced reactions which suggest that the fusion dy-
namics of nearly symmetric and asymmetric systems
couid be quite different, so as to reflect on the particle
and 7-ray emission characteristics of the fused systems
[1,2,3]. Recently attempts have been made to under-
stand the dynamical features of the fusion reactions by
incorporating mass exchange and energy dissipation,
which includes shape and rotational degrees of free-
dom of interacting nuclei[4]. Since the fusion process
is governed by the potential energy landscape in the
deformation and mass asymmetry space.the effect of
certain landmark configurations corresponding to crit-
ical values of mass asymmetry and fiasility may play
an important role[5-7].

In the present work, we study the global depen-
dence of the fusion time scales over a large range of
mass asymmetry a and fissility x. The model is based
on the microscopic exchange of particles between the
two nuclel[8] .where the Langevin's dynamical equa-
tions of motion are solved for each 1. The fusion time,
trorm(l=0), was calculated for two typical systems MNi+
•*Mo (a = 0.18) and » S + ^ S n (o = 0.54), over an
energy range of 1 to 4 MeV per.nucleon above the
Coulomb barrier Vfc, as shown in Fig 1. It is ob-
served that the symmetric-system (or = .18) takes
much longer time to fuse as compared to the asym-
metric system and the difference in tjorm is maintained
over the full 'ergy range. Calculations were per-
formed for m& target, projectile combinations corre-
sponding to various values of mass asymmetry a and
fissility x, in order to examine the global dependence
of fusion time, t/ormO) f° r a given angular momentum
1. Fig 2 shows the dependence of tiarm as a function
of a for the fissilities x ranging from 0.57 to 0.834
(see the attached Table). It is observed that for high-
er I values, there is a stronger dependence of the for-
mation time tform on mass asymmetry a for systems
with x > 0.67 as compared to systems with x< 0.67 .
As the angular momentum is increased the differences
become more pronounced as evident from Fig 2. it is
known from rotating liquid drop model (RLDM) po-
tential energy calculations that in the fiasility range of
x ~ 0.67, the shape of the unconditional saddle point
has a transition from dumb-bell shape to cylinder-like
shapes , which can be seen in the plot of effective mo-
ment of inertia J,Jf as a function of fissility x ( Fig 3).
The present results on the dependence of fusion time
on mass asymmetry in different fissility regions indi-

Table 2: The systems studied for various
metriea in different fissility regions

mass asym-

SYSTEMS
" B + » 'Np
« 0 + JMTh

»F + »»Th
MSi+ 1/uEr
» F + 18iTa

«0 + lwOs
MSi+ lwEr
41Ar+ M1Pr
»Ne + 185Ho
UC + m L u
«"Se-H "Ge
*°Ca + >»Pd
MS + iaoSn
T i + ""Ni
" 0 + wMo
»C + 101Ru
»S + ^Se

MASS ASYMMETRY
0.91
0.87
0.85
0.72
0.81
0.83
0.71
0.65
0.78
0.87
0.22
0.46
0.54
0.09
0.67
0.78
0.42

FISSILITY
0.826
0.826
0.834
0.704
0.701
0.711
0.715
0.668
0.663
0.660
0.573
0.591
0.573
0.453
0.453
0.453
0.453

cate that the critical fissility parameter x ~ 0.67 may
be playing an appreciable role in the shape equilibra-
tion leading to fusion in the various target,projectile
systems.

Reference«

1. Ruckeishausen et al Phys.Rev.Lett.56,1256(1986)

2. G. Smith et al, Phys.Rev.Lett.68,158(1992)

3. W. Kuhn et al, Phys.Rev.Lett.51, 1858 (1983)

4. M. Thoennesscn et al, Phys. Rev. Lett. 70,
4055(1993)

5. K. Kumar et al.Prainana 42,123 (1994)

6. A. Saxcna et al, Phys. Rev. C49, 932 (1994)

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

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

40



i« I
(Ec m VB

2-0 3.0
VB)/A(MeV)

4-0

0.2 0. U 0.6 0-8 1.0
MASS ASYMMETRY, 0C

1 -

0.6 0.7 0.8
FISSIUTY, X

BOLTZMANN TEMPERATURE IN ULTRA-
RELATIVISTIC HEAVY ION COLLISIONS

S. K. Gupta

The Boltzmann temperature, deduced [1] as a func-
tion of rapidity from the single particle distribution
data from BNL and CERN experiments, shows a u-
niversal behavior with beam energy for the rapidity
normalised to the beam rapidity. Such a behavior is
deviant from the Isotropie thermal source model. This
interesting behavior is explained here using the hy-
drodynamic model. In this model, the single paticle
inclusive spectrum is described as the convolution of
the thermal distribution Fth and the fluid rapidity dis-
tribution f(v)-

The form of/(t?)

1/2" for-a<»7<a
0 elsewhere,

is a special cage of Landau's quasi-scaling solution [2]
usually refered to as Bjorken's solution, ft has been
also used (31 in explaining tbe NA 35 200 A GeV ra-
pidity spectra with a value of ot = 1.7. For E 810 data
[4] at 14.5 A GeV a = 0.75 fits the rapidity spectrum.
These values of a explain the Boltzmann temperature
data as well. With the speed of sound taken as \/lßc,
the initial temperature can be deduced from the a val-
ues as 270 MeV for the 14.6 A GeV data and 481 MeV
for the 200 A GeV data.
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SIMULATION STUDIES USING PISA/PISORP

S. K. Gupta, S. K. Charagl, P. Shnkla and A. K. Mohanty

For the simulation of events in the relativistlc heavy
ion experiment PHENIX which is an experiment to be
carried at the relativistic heavy ion collider at BNL
USA, the simulation code PISA has been developed
by several physicists in the PHENIX group. PISA is
an acronym for Phenix Integrated Simulation Appli-
cation. It is a very large code operating on several
workstations. All the detectors having the proposed
geometry have been coded in PISA. As the geometry
is modified in the evolution of the detector, it is also
modified in PISA. Various geometry-coding routines
available in the CERN package GEANT, have been .
utilised for coding the geometry in PISA. GEANT li-
brary also consists of data bases of various particles
and their properties as well as that of the materials
from which the detector is fabricated. There are pas-
sive and active materials. The active materials finally
produce electronic signals as a result of interaction of
the particles in various materials. Gammas and elec-
trons generate the electromagnetic showers while the
strongly interacting stable or long-lived particles pro-
duce hadronic showers. The particles can be tracked in
the magnetic or the nonmagetic environment. GEAN-
T has routines which perform these calculations. If
certain information is required specifically, it is also
coded in PISA. The output data structures are pro-
duced in the ZEBRA format. GEANT has also graph-
ical packages which can pictorially depict the detectors
and the particle tracks. Various detectors of PHENIX
namely the beam-beam counter, the vertex and mul-
tiplicity silicon detectors, the time projection cham-
bers for the central arm specifically designed for the
electron-positron pairs and for the end cap designed
for the detecting dimuon pairs, the time expansion

chambers, the Cerenkov detector, the time-of-flight
scintillate» and the electromagnetic calorimeter have
been coded in PISA. Passive materials such as the cen-
tral magnet, the muon magnet, beam tube, nose-cones,
Pb shield, the paraffin shield etc. have also been cod-
ed. The whole code is managed through the software
called code management zebra(CMZ). This package is
used for modifying the code and for retrieving earli-
er versions of the code. The whole software consist-'
s of PISA, CMZ, ZEBRA, PAW (Graphics Package)
and other CERN Libraries. This software has been in-
stalled on Silicon Graphics workstation with the Unix
Operating System and Fortran-77 Compiler at BARC.

. During the installation at many places PISA files were
modified so as to make them compatible with the ex-
isting Fortran Compiler which does not accept some of
the commands. Detector subsystems can be selected
and then pisa can be run in the interactive mode. In
PISA for a given event, the particle tracks can be visu-
alised and hits are recorded Jn different detectors. The
output of PISA is fed to the program PISORP (PISA
Output Readback Program) in which the hits are used
to reconstruct the events. The PISORP output can be
analysed using PAW. The version of PISA installed is
2.03. The simulation work needs an adequate knowl-
edge of the physics for developement of the software.
This study will help in optimisation of the detector
design, in the determination of the background in the
experiment and will also be helpful in developing the
off-line algorithms for data processing.

As the code is quite involved, efforts are underway to
develope a manual and a primer for the codes PISA
and PISORP.
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SCALING BEHAVIOUR IN QUARK-HADRON PHASE TRANSITION

A. K. Mohanty and S. K. Katarla

In a previous work [1], it was shown that in Landau
theory of phase transition (PT), the factorial moments
of the hadron multiplicity distributions exhibit scaling
law. A scaling exponent was found which is not sensi-
tive to the order of the PT. This is in contradiction to
the conclusion drawn by Hwa [2], where the scaling ex-
ponent is found to be different depending on whether
the transition is of 1st or of 2nd order. We have in-
vestigated this aspect in detail. The free energy in
Landau description is given by

F[4>] = ao(T - Te)<f>3 + H* + aj>*

where ao , c > 0. For b > 0, the transition is
of second order and Tc is the transition temperature.
In case of a first order transition (b<0), the order
parameter has a discontinuity at T=T( (T, > Te). It
can be wen from from eq. 1 that what ever is the
value of b and c, the discontinuity occurs at Tt de-
fined by O( = 62/4c. This point correspond to |u>| = 2
where \w\ = fc/(|o|c)1/2. The condition \w\ =» 2 always
corresponds to the transition temperature Tt, whereas
the strength of the discontinuity depends on the value

We have calculated factorial moments both for first
and second order transition by changing the sign of
w. In the present picture, the hadronisation can take
place at any temperature after hot plasma passes through
Te or Tt. In case of a second order transition, the siga
of 'a' is always negative. In case of first order transition
depending on the temperature at which hadronisation
takes place, the sign of 'a* can be positive or nega-
tive and one has to be careful about it's sign. Since
the freeze out temperature is an unknown parameter,
we have studied the multiplicity distribution at vari-
ous temperatures in the hadron phase which has under
gone either a 1st or 2nd order PT. Fig. la shows the
plot of ßq as a function of w for T < Te for positive and
negative sign of w. Fig. l(b) shows the similar plot
as a function of -w for the region Te < T < Tt. It can
be seen from fig. 1 that except around the vicinity of
the temperature Ttt the ßq values are practically inde-
pendent of the free energy parameters b , c and also of
temperatures at which hadronisation takes place. The
solid line is the fit where ßq=(q — 1)" with the v value
of 1.33. If hadronisation takes place at T = Tu the v
value will be around 1.45 which is mentioned by Hwa.
It is seen that except at temperature very close to

Tt (i.e. in case of 1st order transition) , the scaling
exponent does not distinguish whether the transition
is of 1st or of 2nd order.

Therefore, if the freeze out temperature is less than
te or tt, it is not possible to see any difference in scaling
exponent eventhough the transition is of strongly first
or second order. In other words it is not possible to
know the order of the transition from the value of the
scaling exponent. The study of this scaling exponent
is important as it indicates the presence of a possible
PT. Further it is shown that the hadron multiplici-
ty distributions are quite sensitive to the free energy
parameters even though they exhibit the same scal-
ing law.The study of these multipicity distributions
at varying resolution has more discriminating features
depending on whether the phase transition is of 1st or
2nd order and to the value as well as to the sign of the
free energy parameters.
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UNDERSTANDING
HEAVY ION INDUCED

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

™»<*d «action» at SLjJSa
barrier, have shown[lj that for sys-

« L t K g « " ' I T * C h a n n e l m a 8 8 »ynwietry «,%!
mailer than the Businaro-Gallone critical massaayW
metry ago, the fission fragment anisotropies are anoma-

Ä ? ? ? t " Pr€dlcted * *« »tandar?̂die point statistical model(SSPSM). Abo from pre-
scission neutron multiplicity measurements^], it is s e i
that for these systems the dynamical fusion-fission time
is onger than that for system» with a > aBo. This rT
suit was corroborated by our earlier calculations based
on dynam,ca trajectory model[3]. These calculations
also showed that for systems with a< ago there ex
ists a range of 1-values (a I- window) abovL the fusion
1-value, for which the composite system «separates in-
to two symmetric fragments after large mass exchange
and energy relaxation, without undergoing complete
shape relaxat,on. These reactions can retain the mem-
ory of the entrance channel and will have a narrow K-
distnbution thereby giving r i s e to highly anisotrop-
k angular d,stributions(similar to that conjectured m
pre-equihbnum fission model(4]).

In the present work, we have carried out calcula-
tions of fissum fragment angular anisotropies in B.C.O,
v + An»Np reactions at bombarding enemies well above
the Coulomb barrier, by taking into account con- trf!
butrons of fus.on and non-fusion class of events in the
dynamical trajectory model.

Fig.l shows typical fusion and nonfusion trajecto-
\ in the In /TI nie«. r„_ s\ , \* . . *

or u+Np system .where s and
neck coordinates respectively.

calculated fus,on cross-sections under sharp cutoff ap-
proximation taking lup as limiting l-value.^re in *Z
agreement with the experimental systemätics of a r -
able data on fission cross section (Fig2).

The angular distribution of fission fragments was
calculated for 1 < \-low w i t h i n framework

g
 o f s s p ^

and for U ,< 1 < tup assuming Gaussian K-distribution

2!rt^*Ä '• WieM °* * the angular wiance «Pr«"senting the nnsalignment of the fused composite with
respect to the K=0 planed). For systemTwitSut
any l-w,ndow, the angular distributions are calculated
in the framework of SSPSM for K ^ « (=/<w). The

different system* aJongwith experimental data It
to seen that the present calculations can account for
the anomalous angular anisotropies arising due to en-
teance^channel mass asymmetry effects for these sys-
tems above Coulomb barrier.
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JET QUENCHING IN DENSE MATTER
WITH EMC EFFECT

S- K. Cbaragl and S. K. Gupta

The quenching of hard jets in ultrarelativiatic nucle-
ar collisions emphasizing the reduction in their ener-
gy loss in a quark-gluop plasma as compared to the
hadronic matter has been calculated by Gyulassy and
Plümer(l). In A + A collisions at yfi <=> 200 GeV the
reduction factor R in number of back to back jets with
Id s II] s Oin the central collisions as a function of
duet energy Is given by

where AEi(r,<f>) and AEj(r,K - ^) are the energy
losses in the jet energies. The cross-section foC-Eto«) =
Hij ffy( 5 ^o<) k obtained by summing over the gluon-
gluon, gluon-quark and quark-quark jets. The quan-
tity <Jij is computed using the structure functions for
gluons and quarks given by Duke and Owens[2]. It
is well established by the BMC group that the struc-
ture functions for gluons and quarks are modified in
nuclei. Frankfurt, Strikman and Liuti[3] have given
the parametrization of the EMC effect for the quark
and gluon structure function ratios. Incorporating this
modification of the structure functions in the nuclei,
the reduction factor R has been calculated using the
initial energy density of 5.6 GeV/fm3 and the forma-
tion time of 1 fm.

In the adjoining figure R as a function of mass num-
ber is plotted with and without the EMC effect for two
different energy loss coefficients, KQ/KH = 0.2 would
be describing the effect in the case of QGP formation.
There is a further reduction in R by a factor of two
when the EMC effect is included.
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BARRIER TUNNELUNG IN NEUTRON TRANSFER REACTIONS

Zafiur Ahmed, BJ.Roy a o d M.G. Betfgerl

-10

-10
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The probability of nucleon transfer in sub-Coulomb
heavy-ion reactions is widely observed to exhibit an
exponential dependence on the distance of the doses- ^
t approach, D{0) i.e., Ptr « Nexp(-B»D) ,where0. a |
2y/(2p\EB\)/h,EB being the binding energy of the trans- 5 -«>
ferred neutron. The motivation for the present work £ -jo
is to examine as to whether the obseved exponential
dependence on D(0) can be explained in terms of neu-
tron tunnelling through the two cente potential formed
when two nuclei approach each other [1].

Here we illustrate the case of single neutron trans-
fer reaction in the system mSn+U 0Sn. The two-centre
potential for neutrons for this system at three differ-
ent values of the overlap parameter d,(D/[A^3+A^*]
are shown in fig.l. The binding potentials for neutron
are assumed to Wood-Saxon forms as parameterized
in [2]. The potential barrier formed assumes a novel
and non-standard form:

VB(x) m \yd+Aexp(-x)y[l+aexp(-x)+ßexp(-2x)]t

which warrants exact calculations of the penetrabili-
ty. The parameters in VB(X) are the functions of the
Wood- Saxon parameters. The exact and the WK-
B portabilities for a neutron of energy equal to the
binding energy (average of initial and final binding en-
ergies) as a function ofd, have been calculated and are
shown in Fig.2.

The exact and the WKB penetrabilities agree with
each other and snow an exponential fall-off at large
<k(d, > 1.65 fin), with a slope (0) equal to that ob-
tained from binding energy relation. In Fig.2d the ex-
act and WKB results are not distinguishable; the expo-
nential curve has been normalised to the WKB result
at 4 - 1.59/m such that P«, •» 0.5: It must be noted
that the penetrabilities calculated using the standard
barrier models vis., Parabolic, Morse and Eckart [3]
disagree with the exact penetrability at large 4, (see
fig.2). These findings seemed to be general as we anal-
ysed several other systems.
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SCALING BEHAVIOUR IN QUARK-GLUON-PLASMA PRASE TRANSITION

B.K.Nayak and Zafar Ahmed

Phenomenological determination of the order of quark-
gluon-plasma phase transition (PT) within the formal-
ism of Landau and Ginzberg b of topical interest[l].
Taking a free energy ansatz for second order PT as
F(J>) = a<t? + b<f>*, Hwa and Nazirov[l] studied the s-
caling law for factorial moments of the type F. « ff»,
where 0, » (q - 1)". The value of the scaling expo-
nent v b found to be 1.304, which b independent of
parameters involved. Further, to study the first order
PT, they used an ansatz F{j>) ** oft + bfi* + eft to
show that for strong first order PT, v b 1.449, which
has aho got a dependence on an effective parameter
(fl = - ( 1 + b/2y/aSj). In their work [2) v saturates
down to a value 1.304 for large values of g (consbtent
with second order PT: i.e very small c).

However, in a recent Letter, Mohanty and Kataria
[3] have taken the same ansatz for F(̂ >) and claimed
that the scaling exponent has a value v = 1.33 and b
independent of the parameters a, b, c, x(s= [afflt/c1!*)
and w(=* fc/^ViSjc). Moreover, according to them,
u does not depend on the order of the PT! In thb
comment we show that thb conclusion is not true and
fa inconsistent with [2]. By using the same notations •
as in [3], we recompute the values of v for various
instances.

Recall that the q*k moment b written as F. »
G»G7'Go~l» where 13]

G, a / y«exp[-(y» + exy + u/y/xut)]dy.
Jo

Since the argument of the forgoing exponential changes
'sign in a finite interval of the domain, it b the source of
serious errors in numerical computation of G,. Thus, a
sum rule involving various G, (q=2-8) is the desidera-
tum for these computations. We propose the following
derivable sum rule:

3G,+8u> yßG-t + 7x(e

5x*(l + ew'JG« + A^vyßGi + ex'Gj » 2

where e = ±1.
We have empolyed Romberg integration method [4]

using 2s, 2» and 210 equidistant points. Our sum rule
serves as a stringent consistency test for the values of
G f. Thus for every value of q and for all physically
interesting regimes of the effective parameter space of
x and w, we ensure that Eqn.2 b satisfied. Though
we vary x from e"4 to e4 for a given value of q and
u, it b important to note that the sum rule restricts
the numerically explorable regimes of x values. Our
results for the first order PT (o > 0,i.e.c <• 1,6 <

O.s.i.o2 > 4oc) as given in Fig.l conform to the find-
ings in [2]. Herein we get i/sl.443 for strong first order
PT (i2 = 4oc or w—2) and it approaches a value of
1.305 at higher negative values of w. Further, for ar-
bitrary values of u> i.e., 4,0 and -5 [3], taking c » - 1 ,
we find that j/=1.284, 1.284 and 1.305 respectively.
Thus, we emphasise that we are not able to repro-
duce their "universal'' value for vr=l.S3[S]; instead
we observe for the first order PT, the value of v
to depend on u and for the strong first order PT,
v"1.449. It may be of value to mention that, we find
a kind of back bending (non-linearity) in the plot of
lnFq vs lnF2 for w > 0 and for smaller values of x.

In the light of our findings confirming the results
in [2], one can see that the conclusion of Mohanty and
Kataria [3], that the scaling exponent b independent
of all the parameters and of the order of the PT, does
not hold. We look forward to revised calculations with
regard to the content of the paper (3j.

References:

1. R. C. Hwa and M. T. Nazirov, Phys. Rev. Lett.
69, 741(1992)

2. R. C. Hwa, Phys. Rev. C50, 383(1994)

3. A. K. Mohanty and S. K. Kataria, Phys. Rev.
Lett.78, 2672(1994)

4. L.Fox, Comp. J. 10,87 (1967)

risur« Caption

Fi«.l V.rimtm. of » will.
' dMhoU line k for V»|.:HM |l|. to ,oW,



THRESHOLD ANOMALY t GLAUBER MODEL APPROACH

S. K. Charagl

In recent years there has been renewed interest in
the heavy-ion elastic scattering, as the analyses of the
measurements have shown rapid variations with ener-
gy hi the strengths of the nuclear optical potential in
the vicinity of the top of the Coulomb barrier. There
is a rapid increase in the absorptive strengths, accom-
panied by a rapid decrease in the strength of the real
potential, as the energy increases above the Coulomb
barrier. This effect has been referred to as a threshold
anomaly [1].

In this study we have adapted Glauber model ap-
proach to study this phenomena. The Glauber model j g
approach has been used successfully in the analyses
of the low energy heavy-ion elastic scattering data [2]. y£
Basically we solve the Schrodinger equation in the op-
tical model approach and the Glauber model approach QQ
by different methods. The advantage of the latter ap-
proach is the simplicity of the numerical computations, Q ^
The only ingredients to this model are the densities of
the interacting nuclei and the nucleon-nucleon cross Q
section.

We calculate the absorptive part of the potential
from the expression •gj

3. S. K. Charagi and S. K. Gupta, Phys. Hev. C41
1610 (1990)

4. M.EJ3randanetaf.,Phys. Rev. C481147(1993)

5. J.Diaz, Nucl. Phys. A494 311 (1989)

where # (0 ) , m are the density parameters and a m '
is the nucleon-nucleon cross section, calculated in a
manner given elsewhere [3]. ^ •

We compare the energy variation of W(E) obtained .
in the Glauber model approach with the optical model
calculations for three different systems, i.e. nO+**Pb
jl], M2Vt + 2 7 Al [4] and " 5 + 4 0 Co[5j. Fig.l to Fig.3
are taken from the references 1,4- and 5 respectively. 1 r~
The points marked as A are the Glauber model calcu-
lations. In general the Glauber model calculations are
consistent with the optical model calculations. It is
obvious from the Eq. 1., W(E), the imaginary part of
the potential is strongly dependent on r , the radius of 6 0
sensitivity, therefore, the energy variation of, J\v(E),
the volume integral will give a better description of the
threshold anomaly.

The author had very useful discussions on the sub-
ject with Dr. S. Kailas.
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EXCITATION ENERGY CROSS SECTIONS IN EIKONAL MODEL

S. K. Gupta and P. Shukla

The excitation energy cross sections have been cal-
culated by Stachel and Young [1] by treating the collid-
ing nuclei as sharp intersecting spheres. In the present
work the cross sections are calculated using the N-N
inelastic cross section <r/v-Arand the realistic nuclear
densities in the eikonal model formalism [2,3]. In this
model the spectator nucleon-nucleon probability is giv-
en by

(1)

The thickness function T(b) is calculated in terms of
nuclear densities of nuclei A and B which are nor-
malised to one. The probability of having a partic-
ipants nucleons from the nucleus A is given as

Similarly,

(2)

(3)

The cross section for having a participants from A and
0 participants from B is

(4)

tot this caseThe (maximum) excitation energy
given as

(5)
Here EA and P,t are the total energy and momentum
of the nucleus A per nucleon and ninis nucleon mass.
The cross sections for all the possible combinations
of a and ß are calculated and the results are binned
to obtain the cross section for each of the excitation
energy bin.

In fig.l the excitation energy cross section vs exci-
tation energy for 200 GeV/nudeon S on targets Au,
Ag, Cu is shown for an excitation energy bin of 20
GeV.Fig. 2 is for the case of two colliding gold beams
of 100 GeV/nucleon taking a bin of 200 GeV.
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EXIT CHANNEL MODEL FOR FISSION ANGULAR DISTRIBUTIONS

S.K. Kataria and T.Datta*

In statistical theories of fission angular distribution
, one relates the observed anisotropries to the shape of
the nucleus at the transition stage. Earlier studies of
mass averaged anisotropies in light ion induced (LI) fis-
sion ct a be understood quantitatively when this tran-
sition stage is identified with the saddle point, whereas
HI data can be understood only if this transition stage
lies in between saddle and scission point. F\irther, ra-
diochemical measurements of mass resolved angular
distributions show convincingly that they depend on
the fission product charge, spin etc. which can not be
described by saddle point model. In the present work,
we have incorporated the fission fragment properties
in terms of mass M<, charge Z,- , deformations tions
6i, excitation energies 2Jar<, spins 5< and kinetic ener-
gy KEi collectively described as a, in the statistical
approach for fission angular distributions

the saddle point and at the scission point,
(ii) the anisotropy depends on the fragments kinetic
energy , fragment spins, scission deformations e t c
The model calculations of fragment spins and the an-
gular distributions are also shown in the figures.

* Radio Chemistry Division
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PF(Ex,K,I)*R(Ex,K,I);a)

where PF(EX,K,I) represents the probability of
fission and R(Ex, K, 7; a) represents the relative prob-
ability of occurance of a given exit channel a , for the
given initial condition at the saddle point. Following
ref.(l), we can factorise this relative probability for a
given channel a ;

R(Ex,K,/;a) = Y(MUZuKE{) * F(MiyZuKEkiSi)

for given (Ex,K,I) where fission yield is given by
Y(MuZi,KEi) and F(MuZi,KEuSi) is the relative
probability function of fragment spin for saddle point
parameter (Ex,I,K) parameters. The yield can be cal-
culated on the basis of LDM model[l]. Schmitt et al [2]
have studied the problem of fragment spin on the ba-
sis of this dinuclear model in H.I. reactions, and their
formulation has been used for spin function F. Since in
this model, the relative probability R depends explic-
ity an Ex, K and I spin values, and therefore, angu-
lar distribution will now depend significantly an some
of the exit-channel parameters eg. fragment charge
mass, spin and kinetic energy. For the case of 1347 fis-
sion product in 33iU(a,f) at 40 MeV, the calculated
average fragment spin depends on the angle w.r.t. to
beam axis as shown in fig.l by continuos curve. The
corresponding available data [3] on the isomer ratio
shows similiar trends as indicated by squares in the
same fig.l.

The present model calculations further imply that
(i) the effective K* is smaller of its two estimates at
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DECAY OF ERGODIC SYSTEMS

S.K.Kataria and S.R-Jaln*

Modelling the decay of finite, excited non-integrable
systems using billiards is a very challenging problem.
It is known that a billiard (in two dimensions) b a
schematic repesentation of nucleons confined in a nu-
cleus. The angle of the billiard enclosure decides the
nature of interaction under consideration . Strongly
interacting particles in an enclosure can be replaced
by a circular obstacle inside a polygon. It was shown
that for a particular case of Sinai billiard, the model
is very successful in studying the decay law (a glob-
al feature ) of nucleons from a nucleus. It was found
that the differential rate of decay is exponential in the
case of Sinai billiard as against t for a rectangular bil-
liard [1]. These represent two extreme cases of strong-
ly interacting and non-interacting particles in a finite
enclosure . It may be recalled that the rectangular
billiard and the Sinai billiard are generic examples of
integrable and chaotic (mixing) systems. It may also
be well to recall that every mixing system is ergodic
but the converse is not true. By studying /3-rhombus
billiards (0 < ß < ir/2) , we have modelled systems
that can be non-interacting to weakly interacting so
as to allow ergodicity alone. We study the decay law
for these systems. It would turn out that we arrive
at a new exponent, intermediate to the extreme cases
we had above, the reason, being of dynamical origin,
opens a novel way of distinguishing an ergodic from a
mixing system.

One can envisage very strongly (it does not mean
singular) interacting system as a mixing one. This is
in tune with the classic work of Sinai [2] whereby he
established the ergodic hypothesis for hard sphere gas
by proving his billiard to be mixing. We take the cue
from that work and study single particle motion in
/J-angled(/3 < /2) rhombus enclosures.

Consider a ß rhombus billiard. Introduce Birkhoff
variables («j,t><) and s denotes the distance measured
along the boundary and v is the cannonically conju-
gate (forward) momentum. One can find the map con-
necting (si,V() to («,+1,v,+j) , it has been shown that
it is an area-preserving map [3] To study the decay we
place a small window on the boundary through which
the trajectories can escape, hence the decay. It makes
no sense to study a single trajectory, hence we average
over 10 trajectories and get the lifetime. The decay
law can then be seen from the log-log plot of the num-
ber of decay events as a function of time. Extensive
numerical study carried out in this way, are shown in

the figure below, It can be seen that the exponent is
2 for ß = tt/2 in consonance with the previous result.
For other values of ß , including /? as a rational mul-
tiple of it, the exponent is 3 + 0.25. Thus,it becomes
clear that the decay is not exponential in complete un-
derstanding with the fact that rhombus billiards are,
at best, ergodic, and never mixing owing to an exact
result of Sinai. In summary, (i) we obtain decay law
for weakly interacting gas (Fermi gas, say) (ii) we give
a global and coarse-grained exponent to distinguish an
ergodic system that is not mixing (iii) we conclude that
the exponential decay is characteristic of mixing sys-
tems (with Kolmogorov-Sinai entropy > 0) only, the
ergodic system (with KS entropy = 0 ) follow a power
law.

• Theoretical Physics Division.
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SCATTERING OF »SI ON »Co AT 100 and 110 MeV

P. Shukla, S. K. Gupta, S. K. Charagi,S. S. Kerelcatte and C. V. Fernande«

Differential cross sections for the elastic scattering
of "Si on S9Co have been measured at 100 and 110
MeV using the "Si beam (charge state 8+) obtained
from 14 UD pelletron. The 89Co target was a self sup-
porting film of thickness 200pg/cma. The scattered
particles were detected with three 300pm thick silicon
surface-barrier detectors, each subtending a solid angle
of 0.11 msr placed at three adjacent angles, separated
by 10°.

The typical pulse height spectrum, measured at
110 MeV for a detector at an angle of 10°, is shown in
fig.l. The energy resolution in the spectrum is around
800 keV. The angular distribution is measured in step-
s of 2°. The measured data are shown in fig.2 as the
ratio <Tti/ffni where o*/i is the Rutherford cross section.
The ratio varies from 1 to 1.8 x 10~2 with typical errors
of 3-5 percent.

The data have been analyzed in the framework of
Coulomb Modified Glauber Model (CMGM) [1] which
is a microscopic model with no free parameters. The
only ingredients to this model are the nucleus-nucleus
scattering amplitude and the densities of the colliding
nuclei.

The measured elastic scattering angular distribu-
tion alongwith the CMGM calculations are shown in
fig 2. The values of calculated total reaction cross sec-
tions are given in the table.
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EFFECTS OF LONG RANGE
ABSORPTION ON FUSION SPIN

DISTRIBUTIONS

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

The effect of long range absorption on "fusion" mean
square spin is investigated within the framework of op-
tical model (OM), in contrast to complete traversal of
the barrier . It is shown that at deep sub-barrier ener-
gies, the WKB method underpredicts the fusion mean
square spin of optical model calculation using a short
ranged imaginary potential. The effects of long range
absorption on fusion spin distribution is investigated
as a function of fusion radius using optical model. It is
also observed that the Coupled reaction channel calcu-
lations (CRC) predict anomalously large fusion mean
square spin at deep sub-barrier energies. It b shown
that the spin enhancement strongly depends on the
Coulomb deformation and Rm<tx parameter. The long
range absorption in the CRC method mainly arises
due to Coulomb excitations. The optical model with
effective imaginary potential extending to large radial
distances is shown to qualitatively reproduce the CRC
results.

A NEW APPROACH FOR HEAVY ION
FUSION SPIN DISTRIBUTION

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

The method of optical model analysis of generalised
elastic scattering angular distributions (GESA) has
been applied to heavy ion scattering to derive fusion
spin distributions. This method is used to reproduce
the coupled channel fusion spin distributions . This
was verified in the presence of couplings to inelastic
as well as transfer channels using the CC codes E-
CIS and FRESCO. When applied to experimental da-
ta, particularly to the fissile systems like 16O+232Th
, the method gives large mean square spin values in
agreement with " anomalous " values derived from ex-
perimental fission fragment anisotropies. The analysis
shows that the fusion competes with transfer processes
for all partial waves at low energy , whereas at high
energy , the transfer exhibits localisation in L-space.
These results are model independent as one uses only
the experimental angular distributions for appropriate
reaction channels.



7 MV FOTIA PROJECT AT TROMBAY

During the period of this report the Nuclear Physlc-
s Division has taken up a project to convert the 5.5
MV Model CN single stage Van-de-Graaff accelerator,
which waa in continuous operation since 1962 at Trom-
bay, into a Folded Tandem Ion Accelerator (FOTIA),
with a maximum terminal voltage of 7 MV, for accel-
erating ions upto mass 50. Such a facility capable of
providing a variety of particle beams of good quality
will have immense potential for research not only in
atomic and nuclear physics but also in many areas of
interdisciplinary nature like material science and ana-
lytical applications.

As the project involves conversion of the single
stage Van- de-Graaff accelerator into a folded tandem
ion accelerator (Fig. 1), it is planned to position two
NEC high gradient, compressed geometry accelerating
tubes in the column structure of same diameter as the
earlier accelerator retaining the high voltage terminal
and the insulating gas tank of the Van-de-Graaff ac-
celerator. With the use of SF« gas (which has a higher
dielectric strength) at a much lower pressure of 90 psi,
instead of earlier Nj -f CO] mixture at 225 psi, it is
expected that terminal will reach 7MV with the same
dome and the insulating gas tank. It is necessary to
replace the present gas compressor (which utilizes oil
lubrication) by a new oil-free gas compressor. Also
the belt charging system is being replaced by a pellet
charging system which gives a better voltage stability.

In the present system ion beams from a SNICS-II
negative ion source(located outside the tank at ground
potential) will be pre- accelerated upto 150 keV be-
fore injecting into the low energy accelerating tube
through a combination of a 70°-double focussing mag-
net (ME/q2=15) and a 20°-electrostatic deflector. A
combination of an electrostatic quadrupole triplet and
einzel lens will match the beam parameters to the
acceptance of the low energy accelerating tube. In
the terminal, the ion beam is focussed on the carbon
foil where electrons of the negative ions are stripped
and positive ions with high charge states are produced
which are subsequently bent by a 180° terminal mag-
net (ME/qa=8) into the high energy tube. The high
energy beam transport system will basically consist
of a magnetic quadrupole triplet, steerere and a 90°-
analysing magnet (ME/qa==50). All the three magnets
have been designed for a maximum gap field of 14 kG.
Their pole edges have been given a tapered profile ap-
propriately, in order to prevent saturation at corners.

The beam optics of such a system was studied in
detail. A typical beam envelope for the transmission
of proton beam corresponding to a terminal voltage of

7 MV, is shown in Fig. 2. An einzel lens has been
introduced at the entrance of the low energy acceler-
ating tube in order to match the ion beam emittance
to the acceptance of the low energy tube, especially at
lower terminal voltages by slightly modifying the beam
divergence as required. It is seen that with the einzel
lens in operation, it is possible to have good transmis-
sion even at the terminal voltage of 1MV. Also it was
found that there is no need for any focussing lens in
the terminal as the beam divergence after the stripper
foil was small enough to pass the beam through the
high energy tube without transmission loss.

Since beams of both light as well as heavy ion-
s will be accelerated it is necessary to have a vacu-
um of better than 10"* Torr in the system. Oil-free
pumping stations will be used for this purpose. A pair
of ion pumps of about 200 1/sec pumping speed will
be installed at ground end of the low and high ener-
gy accelerating tubes. An ion pump in the terminal
will maintain UHV in the narrow magnet chamber. A
turbomolecular pump(1600 litres/sec) will be mount-
ed immediately after the pre-accelerator tube, to take
care of the large gas loads from the ion source. Getter-
ion pump stations are also planned for the injector and
analysing magnet chambers. All the beam line compo-
nents will be UHV compatible fabricated from stain-
less steel and fitted with metal gaskets, so that they
can be degassed at elevated temperatures. Two fast
acting gate-valves will be provided at the entrance and
exit of the low energy and high energy tubes respec-
tively, to protect the tubes from any sudden vacuum
failure during operation at high voltage.

The accelerator will be controlled by a PC based
computer control system. The system is designed as
a network of PCs with the front-end interface through
CAMAC instrumentation. All the PCs will use QNX
windows, ethernet and arcnet for communication with
other QNX nodes. Communication of the parameters
at high voltages to the CAMAC instruments will be
through fibre optic telemetry system.

The design parameters of the accelerator have been
finalized and the execution of the project has start-
ed. The purchase orders for the accelerating tubes,
Ceramic column posts, 200 KV power supply for pre-
acceleration and negative ion source have been placed.
All the beam handling components are fabricated in-
digenously. While Central Workshop of BARC is fab-
ricating 90°-magnet, 20°- Electrostatic deflector, tank
raising structure, Faraday cups etc., several number of
the high voltage power supplies (6 to 75 kV) are be-
ing fabricated by Reactor Control Division. Software



and hardware required for monitoring and controlling
the FOTIA are developed by the Electronics Division.
The high current power supplies(200A and 500A with
30ppm stability) for magnets have been designed and
are under fabrication in TPPED. Fabrication of the
180s terminal magnet is coordinated by APPD. The
design of the column section plates has been completed
in collaboration with APPD and they are being fab-
ricated in CW/s. Heat exchanger, one of the systems
in the SF« gas handling system, has been designed in
collaboration with Reactor Services and Maintenance
Division for getting it locally fabricated. It is expected
that installation and testing of some of the components
will start by middle of 1995.

P. Singh
M.A. Eswaran
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PELLETRON ACCELERATOR OPERATIONS AND MAINTENANCE

OPERATIONt During the period of this report the
14 UD Pelletron accelerator was opearted to provide
ion beams of different ion species for experiments in
Nuclear Physics, Atomic Physics, Solid State Physics,
Radio Chemistry for users from Nuclear Physics Di-
vision, Radio Chemistry Division, BARC and TIFR
and other Institutions. Total 124 experiments were
carried out utilising lH, «-'Li, 10-"B, "-"C, WO, WF,
a7Al, MSi, »"Cl.^S and lorAg. During this period
the accelerator was conditioned to the maximum Ter-
minal Voltage of 13.8 MV and Ion beam provided with
Maximum Terminal Voltage of 13 MV. In 32 experi-
ments Beam Pulsing System was used with 1.8 nSec.
bunching width and 100 and 200 nsec repetition rate
with 60molecular beam was accelerated to study the
gas stripper performance. Acclcration of carbon clus-
ters were also studied. Proton beam of 6 MeV was
provided by using Foil stripper only in the high ener-
gy dead section D2 and operating the section between
Terminal and Dead Section(D2) in decelerating mode.

MAINTENANCE; During the period of this report
realignment of the low energy section of the acceler-
ator including ion source beam line, injector magnet
and vertical beam line upto the tank top was carried
out to ensure the entry of the beam in the centre of
the buncher cavities. This was necessary to get the
optimum pulsing width from the buncher. During
the tank opening period regular maintenance inside
the tank was carried out which include chain cleaning
and oiling, alignment of chains, changing corona nee-
dles, changing stripper foils, testing and changing ro-
tating shaft bearings and flexible couplers and repair-
ing the electronic equipment inside the tank. Preven-
tive maintenance of cooling water-supply, compressed
air, kinney pump and SF compressor was carried out
as and when required to keep these facilities in good
working condition.

Following is the break up to the Accelerator oper-
ation during this period :
1. Beam available for experiments 483 days 62.2
2. Machine Conditioning Time 86 days 11.8
3. Machine Maintenance Time 161 days 22.0

As the low energy beam line realignment has taken
considerable time than anticipated, the time during
the alignment was utilised in conditioning the Accel-
erator column.

DEVELOPMMENTt

1. A beam chopper is installed in the low ener-
gy section of the accelerator after the injector magnet
to increase the time interval range of the pulsing sys-
tem, db 300 V pulses of 100 nsec width and 1.6 msec
repetition rate was applied to the x deflecting plates
of the elecctrostatic steerer after the injector magnet.
The chopped beam then enters the bunching system
to bunch the beam to 1.8 nsec width. This facility has
been tested and is useful in studying longer lifetimes
and time of flight. The system is fully operational.

2. A new beam line was installed in the LINAC
side with various beam line components and prelim-
inary tests were carried out by applying R.F. power to
the super buncher to test the performance of the super
buncher. 116 psec beam width with 6.6 nsec repetition
rate corresponding to 150 MHZ operating frequency of
the super buncher. Performance was also tested with
the low energy buncher.

3. A PC based remote control and monitoring sys-
tem together with interface and hardware has been
designed to monitor and control various parameters of
the RMS (Recoil Mass Spectrometer).

4. An ion source test bench facility has been set-
up for the development of negative ion sources and
sputter cathode smaples to obtain higher intensities of
negative ion species throughout the periodic table with
good quality (emittance). The facility consists of an
ion source modular assembly, a cylindrical Einzel lens,
an accelerating tube(75 KV), a double focusing 90°
magnet, beam diagnostic elements like BPM, Faraday
Cup, Slits and electrostaitics steerders. The facility
is very much useful in optimising the parameters of
the ion source to get maximum yield. Composite sam-
ples of graphite, calcium fluoride and ferric oxide has
been prepared in a specific ratio to get carbon, oxygen
and fluorine ion beams from the same cathode sample
without changing different cathode samples for each
individual beam.

5. A new beam line for the Deep ionisation cham-
ber was installed by extending the present 0° beam
line after the general purpose scattering chamber. The
beam line consists of beamline valves, BPM, Faraday
cup, magnetic steerer, magnetic quadrupole and vacu-
um systems. The beam line was aligned and ion beam
was provided in the Deep ionisation chamber.
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6. Charging chain pick up electrodes were installed
& tested with suitable filtering circuits to monitor the
efficiency of charging system.

7. Following are some of components development
indegenously for use in the accelerator.:

i) 7OV/15OA current regulated precision power sup-
ply to be used for the magnets,
ii) Nano Amp Log Amp. to measure the Faraday cup
and slit currents.
Hi) BPM Pre Amplifier,
iv) UHV Pumping cross,
v) UHV High Power Faraday cup.
vi) UHV Prototype BPM.

8. Semiconducting sheaves were installed on charging
chain # 1 and commissioned.

9. Shorting rod guide installed in Low energy sec-
tion for smooth operation of shorting rod system.

puter simulations for the "loss cone" indicate that in
the steady state, it will be possible to produce an out-
put power of 3 MW (thermal) with an injected beam
power of about 350 KW.
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STUDIES IN ACCELERATOR
BASED FUSION

Arvind Jain

The studies initiated earlier on an accelerator based
fusion device were continucd.In the fusion reaction 3He
+ d-» 4He + p used in the Migtna.no net radioactivity
will be produced and it will provide an ideal source of
nuclear power in the future.

It has been mentioned earlier that the ions circu-
lating in the ndgma magnet produce a "diamagnetic
field" which cancels the main guiding field.lt has been
found that this diamagnetic field gives rise to a very
strong source of vertical focussing for the ions ["Self fo-
cussing of the diamagnetic currents in the steady state
migma" NIM A347(1994) 558].

It is suggested that this strong vertical focussing
can be employed to produce a "mirror" magnetic field
in the axial direction. A design has been achieved for
a 3 MW device where the mirror field is strong enough
for the confinement of the ions and the electrons in the
axial direction . The mirror magnetic fields have been
calculated using the magnet code POISSON.The ion
trajectories have been calculated in three dimensions
by numerical integration in the PO1SSON fields. Com-
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SUPERCONDUCTING UNAC BOOSTER

B.Srlnivasan, N.M.Thakur, M.G.Betigerl and
B-G.PWay'» M.B.Kurup*, M.K.Pandey*

The main focus of activities during the period of
this report has been towards the setting up of the
LINAC beam line for one accelerating module. The ac-
celerating module is a liquid Helium cryostat housing
four 150 MHz Quarter wave resonators(QWR), each
operating at a field level of 2.5-3.0 MV/m with a pow-
er dissipation 0 of about 7W.

Resonator Fabrication

Extensive trials were carried out in order to optimise
the quality of the e-beam weld of the central con-
ductor/flange assembly to the outer can. After innu-
merable trials and consequent design changes result-
ing from careful analysis, optimum parameters for the
welding process were finalised and six QWR's fabri-
cated at CWS, BARC. Five more QWR's are under
various stages of fabrication. Out of the six resonators
which have been fabricated, brazing of the drift-tubes
to the outer can has been completed for four of them.
All the four have been lead-plated. Out of these, two
resonators showed acid leak in the region of the cos-
metic e-beam weld and central conductor .respectively.
These leaks have been identified and will be plugged
using suitable braze alloy. Further, drift-tube brazing
for two QWR's will be taken up shortly.

Superconducting tests

Two QWR's tested for their Q-factor gave a value o f
8.0 x 107 and 1.2 x 10s respectively at low values of
the electric field. However on account of severe multi-
pactoring, high field measurements could not be per-
formed. The source of the multipactoring was traced
to vacuum contamination in the cryostat resulting on
account of back-streaming of oil vapours. The cryostat
was completely dismantled, cleaned and all superinsu-
lation removed. High field measurements were carried
out on one QWR after this cleanup operation. The t-
wo QWR's have been replated and will be tested again
for their Q-factor.

Modular Helium Cryostat

A modular Helium Cryostat fabricated by M/s. IBP
Co. Ltd., Nasik was delivered. AU subassemblies, viz.,
nitrogen tank, Helium tank etc., have been mounted
in the cryostat. Four QWR's are to be assembled in
the cryostat shortly.

UNAC Beam Line

The superbuncher, which in our case is a 150 MHz
split-loop resonator, has been mounted on the beam
line. Two experiments were carried out in order to
measure the time width of the beam bunch and ener-
gy gain of the beam through the superbuncher. O*+
and S*8+ beams through the superconducting buncher
were bombarded onto a Rh target and the resulting
gamma spectrum measured using a plastic as well as a
barium fluoride detector/1/. A minimum time width
of 116 ps was obtained with Ol+ beams at 66 MeV
and an electric field of 1.6 MV/m. The oxygen beam
was also scattered off a Au foil and energy of the e-
lastically scattered particles measured using a Silicon
surface- barrier detector positioned at 60 degrees wrt.
the beam direction. The energy gain information o-
batained was used to calculate the calibration constant
for the electric field within the cavity. Other beam line
components like the RF Sweeper/corrector and hous-
ing for the phase detector have already been fabricated
and will be installed in the beam line in due course.

* Tata Institute of Fundamental Research, Bombay-
400005.
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ARTIFICIAL INTELLIGENCE SYSTEMS APPROACH IN PARTICLE ACCELERATORS

S.K.Katoria, P.V.Bhagwat, S.A.Kori

The particle accelerators machines like Pelletron
ao- celerator at T.I.F.R have several levels of control-
s with operators reponsible for overall global control
decisions and closed loop feedback controllers for rel-
atively small subsystems of the machines. Recently
we have upgraded this control system with a person-
al computer IBM-PC/AT based control and monitor
sys- tem in place of PDP-11/23 computer and with
more subsystems of the beam-line brought under the
same control computer. As the ac- celerator machines
are becoming more complicated and the require- ments
more strigent, there is a need to provide the opertors
with an on A.I. System to aid in the tuning the ma-
chine and in failure diagnosis. There are a few ma-
jor areas in the pelletron opera- tion, which can be
done more efficiently using A.I. systems ap- proach so
that useful beam is available for much more time : 1)
Accelerator Conditioning: 2) Accelerator Tutting: 3)
Maintain- ing the Tuned beam:

The prototype package for the A.I. System is expect-
ed to provide a software environment that the com-
bines the (i) the physics model of the accelerator (ii)
the operator heuristics (in) Data base of the past-run
operation parameters (iv) Post run analysis to update
the acquired knowledge base. The goal of our efforts
will be that of an co-operative expert design namely to
optimize the problem solving performance of the joint
system of User and the A.I. expert system.

In this feasibility study carried out so far, we have
made use of standalone IBM-PC/AT under DOS and
WINDOWS operating sys- tem. We have used Dbase-
IV for building up various required data- Some steps
have been taken to generate a skeleton database to
buildup operator heuristics and startup files and an
accelerator companion. The major efforts arc need-
ed to build accelerator data dictionary and knowledge
dictionary, physics model and the ver- satile User in-
terface. As in the software industry where Computer
Assisted Software Engineering (CASE) methodologies
and tools are commonly used. Therefore , a study
will be carried out to see the feasibilty / availability of
CASE tools in PC-enviroment relevant to the accelera-
tor field i.e. knowledge dictionary and real-time tools.
A dedicated effort by all the multidisciplinary, multi-
divisional and part-time personnel only will lead to
the success- ful implementation of the A.I System for
the Pelletron Ac- celerator. In the present feaibility

study, the main advantages / features of A.I-System
approach to the Particle Accelerators have been: iden-
tified. A fruitful implementation of the same in the
im- mediate future will lead to better and safe utilisa-
tion of the Pelletron Accelerator.

EFFECTIVE VISUALISATION
TECHNIQUES FOR TEACHING
COMPUTATIONAL PHYSICS

Vinod Kumar, T.A.Subramanin
S.K.Katar ia

Computational Physics forms a part of any advanced
physics curriculam so that the trainee's are exposed to
prototype real life research problems for gaining prac-
tical knowledge. The learning of the computational
techniques gets strengthened when graphic visualisa-
tion is combined with scientific notation and appropri-
ate mathematical symbols. The problems of zeros of
a complex function by quadrant searching techniques
and that of reactor kinetics- the time response of an'
arbitrarily disturbed reactor duly supported by graph-
ic visualisation have been implemented. The attempt
has also been made to demonstrate the use of a Scien-
tific Word-Processor Chi-Writer with multi-Font ca-
pabilities for data exchange from and to the higher
level language programs allow the user's to interact
with these programs in their own technical languages
as are the cases with Mathcad, Mathematica etc and
even in the natural language environment.

(Proceedings of the Seminar on SuperComputing for
Scientific Visualisation, BARC, Bombay Feb 15-17
(1994) 99-104.)
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NEURAL NETWORK FOR ESTIMATION OF PARAMETERS

S.K. Katarla, K.C.Babu* and A.K. Mohanty

We investigate the capabilities of an artificial neu-
ral network for estimation of parameters from the ob-
served data and compare them against the standard
least squares method values (linear and non-linear).
First results show that neural networks gives better
esimates when the random errors are larger (>10 per-
cent). Since the procedure is fast and non interative,
it can be used for providing initial es- timates in case
of non-linear fits.

Neural networks (NN) have recently been used in
the analysis of nuclear spectra [1] and also for impact
parameter determination in HEP experiments [2], for
predicting the aqueous solubility of organic compound-
s [3], The data reduction by neuro-computing is at-
tractive since the mathematical functions representing
the physical processes may not be known analytically
and NN do not require them in their learning tasks.
In the present work, we have used NN for fiting sev-
eral functional forms (1-3 parameters, linear and non-
linear) in the presence of varying quantum of random
errors. For comparision, the same data were also fitted
with x3 method and the variances of the fitted param-
eters was studied as a function of the random erors.
Fig.l shows standard deviations of the three parame-
ters in Woods Saxon Potential form as a function of the
magnitude of random errors by the two methods. Fol-
lowing ref.l, a feed forward 3-layer (input, hidden and
output) neural network with backpropogation learning,
paradigm was trained to determine the parameters of
various functions. The s.d. of these parameters were
obtained by fitting 1000 different sets of simulated data
with same statistical accuracy. The same procedures
was used with x2 -method, with three different defina-
tion of x3 - function in order to find the parameters,
(i) The errors in Y(x) were from the measured data
itself e.g. counting statistics

(ii) The errors in Y(x) were taken from the estimated
values of the fitted function rather than from measured
data Y(x) at x itself
(iii) The errors in Y(x) were taken from the given func-
tion form of Y(x) with the true values of the parame-
ters
In real life the true values of these parameters are n-
ever known and only procedures (i) and (ii) are used.

It can be seen from the figure that for large sta-
tistical errors, the NN estimates (dashed curve ) are
better than those obtained with x -method (contin-
uous curve for the case-(a) and squares con nected
with continuous curve is for case-(b) and dashed curve
for case-(c). Similiar results were also observed in the
case of exponential decay data and Gaussian peak da-
ta. Further investigations are necessary to discover the
full potential of neural network ap- proach.

«Electronics Division
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MULTI-TRANSPUTER DATA ACQUISITION SYSTEM FOR THE PELLETRON

S.P. Borkarf, A. Chatterjee, M.D. Gbodgaonkar', A.K. Jethra* and R.D. PatU*

A CAMAC data acquisition system based on trans-
puters has been developed for experiments using the
14UD BARC-TIFR Pelletron [1,2]. The real time data
acquisition task is divided among two T800 transput-
ers and IBM PC-486 which work in parallel to give a
high throughput.

The system consists of a general purpose crate con-
troller, an in-crate transputer module (TCPU) inter- .
faced to the PC by a LINK-PC add-on card and a sec-
ond transputer designed as a PC add-on card (HIST
CPU). Both transputers are linked to the PC and al-
so to each other. The TCPU module is equipped with
1MB DRAM. It performs the time-critical task of con-
trolling execution of CAMAC cycles and acquiring the
raw data. It also optionally provides for on-line data
compaction by suppressing data that fall outside pre-
defined thresholds. The unsuppressed data is passed to
the HIST CPU and concurrently the suppressed data
is transmitted to the PC. The HIST CPU card is pro-
vided with a large dynamic memory of 16MB making
it useful for building large sizes and numbers of one-,
two- and three-dimensional spectrum arrays which can
optionally be gated by pre-defined software gates. The
IBM PC is used for writing the list-data on hard disk,
spectrum displays and user interaction.

The software is written as three independent pro-
grams. TCPU is programmed in OCCAM, HIST CPU
in 3L Parallel C and IBM PC in Borland C. The graph-
ics user interface on the PC is designed around pop up
windows with mouse interface. On-line interaction for
marking regions in ID and 2D spectra, display zoom,
area/volume calculations, Gaussian peak fitting etc.
can be done. The system can be used in any CAMAC
hardware setup of a number of ADC/TDC/QDC mod-
ules supplied by different manufacturers with different
CAMAC instructions, without changes in the software.
This has been achieved by providing a user edited ini-
tialization file in text format containing a sequence of
CAMAC instructions. This file is parsed by the OC-
CAM program and the instructions in it are executed
during start up.

Recently [3], we have added the new features of
networking, pseudo-parameters and gated acquisition.
Networking allows list-data to be concurrently commu-
nicated to other DOS/UNIX computers over ethernet.
The data can conveniently be written on tapes/cartridges
on the remote machine or kept on the hard disk of a
dedicated PC for off-line analysis. It is also possible
to run customized software on the remote machine to

perform additional on-line processing. Data transfer
rates of 100KB/s were achieved.

Pseudo-parameters (mathematical functions relat-
ed to the actual parameters) have been implemented
on the HIST CPU. The relevant constants such as s-
caling factors, offsets, channel'size etc. can be set by
the user. The available pseudo-parameters are SUM,
PRODUCT, MULTIPLICITY (the number of detec-
tors that fire), POSITION (useful with position sen-
sitive detectors) and MASS (Golding algorithm for i-
dentification of MZ3). Other pseudo-parameters can
be added easily.

Certain experiments require filtering the data in
the software. This has been implemented (gated list
mode) in TCPU. The user can set a gate on one of the
parameters, and the event is accepted only when the
gate tests true. This feature also allows the recording
of singles spectra simultaneously with coincidence iist-
data since, the ungated data is transmitted to HIST
CPU.

A sustained throughput of 128 KB/s in the list
mode is possible on a 60MHz PC486 with SCSI hard
disk limited by the disk access speed. With list-mode
off, the maximum data rate is 200K parameters/s, but
can be lower depending upon the number of spectra
required. As an example, in a 32 parameter experi-
ment at 4K events/s, it is possible to build 33 one-D
or 20 two-D spectra or 12 of each without holdups.

•Electronics Division, BARC.
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A NON-DESTRUCTIVE TECHNIQUE OF ANALYSING STRATEGIC ALLOYS BY
RADIOISOTOPE EXCITED X-RAY FLUORESCENCE

P. K. Patra, Madan Lal,H. N. Bajpal*

A method for quantitative analysis of elements
of alloys is proposed by employing Energy Dis-
persive X-ray Fluorescence(EDXRF). In EDXR-
F method of analysis of thick samples, concen-
tration of elements are not linearly related to
the corresponding x-ray intensities due to matrix
effect of absorption and enhancement. These
matrix effects are generally severe in case of al-
loys. Since the relative X-ray intensities of x-ray
lines of elements present in the alloys are em-
ployed to compute the concentrations of the ele-
ments, calibration by external standard is not rc-
quired.Based on this method, analysis of strate-
gic alloys containing elements Cr,Fe,Ni,Cu,Nb,Mo,Ge
and Zr are carried out.

values of the two International Standards (NB-
S 316 and 1152) are shown in Table-I. Table-II
shows the computed elemental concentrations for
the two unknown alloys.The method employed
has an advantage of giving rapid analysis with-
out using any external standard.

•Analytical Chemistry Dlvisk>n,B.A.R.C

Table-Iiconcentrationsi error
Sample no

816

1152

element
Cr
Fe
Ni
Mo
Cr
Mn
Fe
Ni
Nb
Mo

certified
18.40
67.00
12.20
2.38
18.49
1.19

69.50
10.21
NS

0.336

in percent
computed
20.30±.007
67.03±.009
11.50±.009
2.17±005

20.36±.006
1.34±.003
66.00±.01
10.54±.01

0.20±.0003
0.39±.0003

deviation
10.30
0.04
-5.70
-0.88
10.11
12.60
-5.04
3.20

6.55

Table-II
Concentration^: error in percent
Sample

A

B

element
Cr
Fe
Ni
Cu
Nb
Mo
Fe
Ge
Zr
N b

computed
17.37±.O53
75.43±.lll
3.29±.O12
3.47±.O45
0.28±.002
0.16±.002
0.13±.002
3.34±.005
93.10±.009
3.43±.010

Two International standards (NBS 316 and 1152)
of alloys composed of elements Cr, Fe, Ni, Nb,
Mo are also analysed to test the validity of the
formalism employed.The computed and certified
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A STUDY OF ACCUMULATION OF TRACE ELEMENTS IN COFFEE SOIL AND LEAVES
GROWN IN ULTISOLS FERTILIZED WITH ROCK PHOSPHATES BY ENERGY

DISPERSIVE X-RAY FLUORESCENCE

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

Trace elements in soil and leaves of coffee plants
have been anlysed by EDXRF to study their ac-
cumulation due to fertilization.Established cof-
fee plants in experimental plantation of twelve
fertilized and one non-fertilized (control) plots
were subjected to rock phosphate treatments,in
the range of 30-330 kg P2O5 ha~l over a period
of 10 years.Analysis of the fertilizer by EDXR-
F have shown abundant concentrations of vari-
ous elements such as Fe(12951 ppm), Ni(36 pp-
m), Cu(42 ppm), Zn(126 ppm ), Sr(423 ppm),
Y( 73 ppm) and Mo( 19 ppm) .Trace element
analysis of control and fertilized soil and coffee
leaves was carried out to evaluate their accumu-
lation.The elements studied in soil and leaves are
Fe, Cu, Zn, Rb, Sr, Nb, Zr and Y.The yield ob-
tained from fertilized plots was about 30 percent
higher than from the control plots.The uptake of
trace elements from soil was higher only in case
of Cu.Concentrations of other elements in leaves
are found to be comparable to those obtained
from the fertilized plotm564s.International stan-
dards,one each of soil and leaf(soil-7 and NB-
S citrus leaf) samples have been analysed by
EDXRF method and the results for various el-
ements present in them were found to be within
5 percent error of the certified values. Table I
gives the results of the average concentrations of
the trace elemnts in soils and leaves in the range
of 30-330 kg/ ha prepared to the values in the
control and the corresponding average yield.The
results indicate that in the case of Cu the up-
take from soil to leaves is higher than from the
other elemähts.The average yield is higher from
fertilized plants as compared to control due to re-
peated fertilization.With increased fertilization
the trace metal build up in soil was not siguifi-
cant.lt is likely that due to heavy rainfall (about
350 to 400 cm ) and the slopey terrain of cof-
fee plantations,surface run off and leaching may
have contributed to considerable losses of trace
metals from the soils.

Table I
Concentration» of trace metala In ppm

Elements
Fe
Cu
Zn
Sr
Rb
Nb

YIELD

SOIL
Control

4059
402
65
64
70
57
-

Fertlized
45460

397
57
61
58
58
-

LEAVES
Control

257
93
8
93
25
15

228 Kg

Fertilized
290
136
8
86
21
12

296 Kg

•Nuclear Agriculture Division, B.A.R.C
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ANALYSIS OF TIN ORES AND SLAGS BY ENERGY DISPERSIVE X-RAY
FLUORESCSNCE

H. N. Bajpal',P. K. Patra and Madan Lai

Quantitative analysis of tin bearing ore and ita
slags from the smelting process has been carried
out by EDXRF using radioisotopic x-ray source
for excitation, a SI(L1) detector and PO/XT based
Multi Channel Analyser (MCA). Elements oth-
er than tin, such as Ca, Ti, Mn, Be, Nb, la ,
Pb, Rb, Sr, and Zr, present In them have been
analysed. The analysis gives information of the
recovery of tin and other useful metals as by-
products from the process. The difference in the
concentration of the elements in slags of Indian
and Chinese origin are presented.The results of
analysis obtained from a typical Indian tin bear-
ing ore and tin slags obtained from India and
China are shown in table 1

the slag. The analytical data presented hen are
useful for metal extraction process.

•Analytical CbemUtry DMskm, B.A.R.C

TABLE-liResults of analsis of elements of a
typical tin ore and slag from India and

Cbinatconoentartlons in percent and ppm
Element

Ca

nMn
F»
Ta
Nb
Sn
Pb
Rb
Sr
Zr

Omc ore
—
—

0.18± 0.01
0.61± 0.01

0.577:*: 0.003
0.63± 0.001

S.82
134± 22 ppm
89± 6 ppm
198± 5 ppm
896± 8 ppm

Slag (Indian)
2.5±0.08
0.73±0.03

1.48 ± 0.02
3.77± 0.01
4.57± 0.008
3.22± 0.003
1.99± 0.006

—
162± 6 ppm
550 ± 8 ppm

6716± 17 ppm

Slag (chlnese)
2.4± 0.04

0.043±0.Q2
0.57± 0.01
2.51± 0.01
0.99± 0.003
1.39± 0.002
0.54 ± 0.003

2303± 33 ppm
—
—-

5045± 13 ppm

The concentration of the same elements, of the
two slag samples- horn India and China, are seen
to be quite different. This is due to the differ-
ent extraction and smelting process adopted in
them. The slag is an equally important compo-
nent of process metallurgy and is used for the
recovery of tin and other useful metals as a by-
product. The concentration of almost all the ele-
ments, except tin, is more in the slag than in the
ore. Elements Nb and Ta usually occur in the tin
bearing minerals. The elements Ca and Ti are
not reported in the OMC ore whereas they are
found in appreciable quantity in the slag sam-
ples. This is due to very low concentration of Ca
and Ti in the ore but they get concentrated in
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EVIDENCE FOR SUPERDEFORMED
SHAPE ISOMERIC STATES IN MS1 AT EX-
CITATIONS ABOVE 40 MEV THROUGH OB-
SERVATION OF SELECTIVE PARTICLE DE-
CAY OF "O + U C RESONANCES IN »Be AND
ALPHA CHANNELS
M.A. Eswaran, Suresh Kumar, E.T. Mirgule,
D.R. Chakrabarty, V.M. Datar, N.L. Ragoowan-
si and U.K. Pal

Abstract

Excitation functions of the reactions UC (wO,*Be)
»Ne and UC(M O^He)MMg leading to several states
have been measured in the range Ecra = 25.7 to 38.6
MeV. From cross channel correlation analysis two in-
termediate resonance structures at Ecm = 26.9 and
29.5 MeV corresponding to excitation energies of 43.7
and 46.2 MeV in "Si have been identified. Angular
distribution measurements for "C(16O,4He),!HMgg.s.
have also been made at the lower resonance at Ecm =
26.9 MeV which enable spin assignment of J" = 14+
to this resonance. Striking observation of preferential
8Be decay of both the resonances to the 8-particle -
4-hole states in MNe is interpreted as evidence for the
resonances to be highly deformed shape isomeric con-
figurations in MSi expected from deformed shell model
calculations.

Phys. Rev. C47 (1993) 1418

REPLY TO "COMMENT ON 'EVIDENCE FOR
SUPERDEFORMED SHAPE ISOMERIC S-
TATES IN MSi AT EXCITATIONS ABOVE
40 MEV THROUGH OBSERVATION OF S-
ELECTIVE PARTICLE DECAY OF " O + » C
RESONANCES IN 8Be AND ALPHA CHAN-
NELS"

M.A. Eswaran and Suresh Kumar

Abstract

Our recent study of the "C (lsO,8Be) »Ne and UC
(MO,a) MMg reactions has led to the identification of
two superdefprmed shape isomeric states in **Si at ex-
citation energies of 43.7 and 46.2 MeV. We conjuctured
from this study that these resonances have structures
which corresponds to the secondary minimum with de-
formation parameters e — 1.35 and f = 60° according
to Nilsson-Strutinsky calculations. We give arguments
to show that this conjecture is more appropriate and
consistent with the presently available evidence.
Phys. Aev. C48 (1993) 2120

STRUCTURAL CONNECTION OF HIGHLY
DEFORMED SHAPE ISOMERIC STATES IN
»SB, *Mg AND »Ne BY ALPHA-ALPHA CO-
INCIDENCE STUDIES IN u C( w O,o) MMg* ->

Suresh Kumar, M.A. Eswaran, E.T. Mirgule,
D.R. Chakrabarty, V.M. Datar, N.L. Ragoowan-
•1, U.K. Pal and H.H. Oxa

Abstract

Alpha - alpha coincidence measurements have been
made in the reaction UC(16O, a)MMg* -» a + *°Ne*
at the bombarding energy of E(16O) = 63 MeV corre-
sponding to the resonance in the 13C+16O system at
Ecm. = 26.9 MeV leading to the compound nuclear s-
tate at 43.7 MeV in MSi. The coincidence alphas are
detected, one at 0° to the beam and the other at 20° to
80° in steps of 10°. The spins of the states in "Mg at
20.2 and 21.4 MeV fed strongly at this resonance are
inferred to be J > 8 from the branching of these states
to the states in the ground state band of "Ne. From
the result it is deduced that these states of MMg do
not correspond to the near Coulomb barrier resonances
in the "C+"C system. In addition, the coincidence
measurements also lead to the result that the states
of 24Mg in 20 - 22 MeV region fed at the resonance,
preferentially decay to the 8p-4h states of MNe near 7.2
MeV. These results establish the structural connection
of highly deformed shape isomeric states in the region
of f = 1.17 to 1.35 and 7 = 50° to 60° in »Si, «Mg
and ^Ne expected from the Nilsson - Strutinsky cal-
culations of Leander and Larsson.

Phys. Rev. C50 (1994) 1535 DELTA EXCITA-

TION IN PROTON- PROTON AND PROTON-

NUCLEUS COLLISION

B. K. Jain and A. B. Santra
Abstract

The delta production' in proton-proton and proton-
nucleus collisions is discussed. First a t-matrix for the
elementary process pp -* nA++ is constructed using

' the one-pion exchange potential for the transition in-
teraction and including the effect of elastic and other
channels through optical potentials. The predictions
of the t-matrix are compared with the experimental
cross sections over a wide energy range. In the Born
approximation the t-matrix is also constructed in the
quark model.



For use in the Delta production reactions in nucle-
i, the t-matrbc based on the one-pion exchange po-
tential is parametrized in a convenient form. This
parametrized t-matrix(PTM) is complex. Its real part
resembles the one-pion exchange potential with a re-
duced length parameter in the central as well as tensor
parts and Landau-Migdal term in the central part.

The PTM is subsequently used to analyse the ex-
perimental data on p(aHett)A

++ and «It(p,4+ +)6He
reactions in the single scattering approximation. The
experimental data are reproduced well. In a collision
process the delta may be excited in the target nucleus
or it may be excited in the projectile. A study on the
relative contribution of these two processes is present-
ed.

The excitation of a nucleon to delta can also be
initiated by the exchange of a rho meson. We study
the role of rho exchange in charge exchange reaction,
p(n,p)n and p(p,n)A++. Comparison of the calculat-
ed cross sections with the corresponding experimen-
tal data indicates that, unlike the pNN coupling, the
strength of the pNA coupling could be much weaker.

Th" : ?!>ci of distortion is studied next from thresh-
old to i-i - and 3 GeV beam energy in the (p, A++)
reaction and at 1.5 GeV/c beam momentum in the
(p, nA++) reaction. We use the partial wave method as
well as the eikonal approximation for a comparative s-
tudy. .It is found that the distortion mainly reduces the
magnitude of the cross sections in the (p, A++) reac-
tion without introducing any change in the shapes. In
the (p,nA++) reaction, however, it changes the mag-
nitude as well as the shape of the neutron energy spec-
trum.

Finally, using the relativistic Lagrangian for the
JTNN and irHA couplings, uncertainties due to use of
nonrelativistic static version of the NN —» NA po-
tential in the study of the ^-production in nuclei are
studied.

Phys. Rep. 230 ,1 (1993)

INCLUSIVE (
REACTIONS

AND (p,j/n+)

B.K. Jain, N. G. Kelkar and J. T. Londergan

Abstract

Formulas are derived for cross sections for inclusive
(j>,A++) and (p,j/ir+) reactions; these are shown to
depend on the pion self-enrgy in the nucleus, and the
production and decay vertices of the A++. The pio-
n self-energy includes both nucleon excitation (NN~l)
as well as delta excitation (AN'1) in the nucleus. The

pion-nucleon couplings in the transition vertex as well
as in the self-energy are written using relativistic pseu-
dovector coupling; results are compared with a non-
relativistic reduction. The distortions of the continu-
um particles are included in a " distorted-wave Fermi
gas" approximation. Calculations are made for the
excitation spectrum of the nucleus, dcr/dut, and the
angular distribution In the (p, A++) reaction, for pro-
ton beam energies from threshold to 3 GeV. For the
(PipV") recation cross sections are calculated for the
proton spectrum and the distribution
do/dQxhj/dEtfdEn at fixed values of the proton and
pion angles and a fixed value of £p>. The latter essen-
tially gives the excitation energy spectrum of the nu-
cleus. Many interesting features are seen in these spec-
tra. The differences in results using relativistic pion-
nucleon coupling and its non-relativistic reduction are
shown to increase with the beam energy. Around 400
MeV, there is little difference in the cross sections but
at 1 GeV and beyond the difference becomes large,
changing both the magnitude and shape of the dis-
tributions. The inclusion of distortions reduces the
magnitude of the cross section but leaves the shape
unchanged.

Phys. Rev. C 47, 1701 (1993)

(p,n) AND (3Hc,t) REACTIONS IN COINCI-
DENCE WITH pjr+ in " C

B.K. Jain and Swapan Das

Abstract

Recent measurements on the energy spectra of ejec-
tiles in the (p,n) and (sHe,t) reactions in coincidence
with the par* charged particles and integrated over
their energies and angles are analysed theoretically in
the DWIA frame work. It is assumed that, the ptr+

events are generated by ehe direct decay of A**. Due
to the peripheral nature of the reaction the A++ it-
self is assumed to be produced through the quasi-free
pp —» nA++ process. The interaction for this process
is described by the pseudovector one pion-exchange
relativistic Lagrangian. The parameters of this La-
grangian are taken such that it reproduces the mea-
sured spin averaged cross sections on the pp —* rud"1"*"
reaction very well, over a wide energy range. Our cal-
culated cross-sections for the ejectile spectra on U C
agree very well with the corresponding measured cross
sections.

Phys. Rev. C 50, 370 (1994)
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DISTRIBUTION OF FUSION BARRIERS

A. K. Mohanty and S. K. Katarla

Abstract

Heavy Ion fusion cross sections and compound nucleus
average spin values obtained from distribution of fu-
sion barriers are discussed. Various shapes of distribu-
tion functions are studied using a truncated Gaussian
distribution function (TCO). It is shown that fusion
cross section and average spin values are less sensitive
to different parametrization of TGD function, where-
as the second derivative of the product of energy and
fusion cross sections (w.r.t. energy), obtained from
the corresponding TGD functions are significantly d-
ifferent depending on the shape of the barrier distri-
bution function. It is also shown by c analysis of fu-
sion cross section data that some systems favour a nar-
row Gaussian distribution function whereas others, for
which the vibrational and rotational collective states
are less important, favour a flat barrier distribution. A
physical interpretation of the dynamical process that
gives rise to different barrier distribution is given in
the frame work of microscopic coupled channel calcu-
lations.

Pramana, 43 319 (1994)

L-DEPENDENT HEAVY ION FUSION PO-
TENTIALS

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

Abstract

The energy E and angular momentum 1 dependence of
real and imaginary optical potential for fusion of 0 +
Pb system has been expressed as a function of radi-
al kinetic energy e. For this system, it is shown that
the observed explicit dependence of diffuseness param-
eter a(E4) on E and 1, can be expressed as a function
of e alone. It is also shown that the effects of differ-
ent channel couplings which result in different effec-
tive potential, can be parametrised as a function of e.
The energy dependent part of this effective potential,
which can be identified as polarisation potential shows
a maximum at energy lower than the Coulomb barrier.
However, the ratio of the average value of compound
nucleus spin distribution derived from this energy de-
pendent potential to the average value obtained from
an energy independent BPM, shows a peak around
the Coulomb barrier. A correlation is obtained be-

tween the strength of this polarisation potential and
the maximum of the average spin ratio and both these
quantities depend on the details of the channel cou-
plings.

Pramana 41 525 (1994)

EFFECT OF CHANNEL COUPLING ON SPIN
DISTRIBUTION AT A N D ABOVE
COULOMB BARRIER ENERGIES

A. K. Mohanty, S. K. Kataria and M.S. Samant

Abstract

The energy dependence of fusion spin distribution has
been studied in terms, of its scaled moments. It is
shown that the effect of channel coupling on spin dis-
tribution, particularly the effect of coupling of shape
degree of freedom to the translational motion is much
stronger at and above Coulomb barrier energies, even
though the effect on fusion cross section is largest at
sub-barrier energies.

Phys. Rev. C48 1445 (1993).

INTERMITTENCY I N QGP PHASE
TRANSITION

A. K. Mohanty and S. K. Kataria

Abstract

Intermittency properties of the multiplicity fluctua-
tions in high energy heavy ion collisions have been s-
tudied on the basis of Landau mean field approach. An
universal scaling exponent for hadron phase is found
which does not depend on whether the transition is of
1st or 2nd order. It is further shown that the multi-
plicity distributions at different rapidity intervals carry
more discriminating information about the nature of
the phase transition.

Phys. Rev. Lett. 73 2672 (1994)
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THRESHOLD ANOMALY IN
+ ""Bl SYSTEM

P. Singh, S. Kailas, A. Chatterjee,
S. S. Kerekatte, A. Navin,
A. N^asure and B. John

Abstract

Elastic scattering angular distributions for the 1 60 +
30tBi system have been measured at laboratory ener-
gies of 80, 83, 90, 95, 98 and 100 MeV. The present
data along with the data available from the literature
for this system, have been analysed using the opti-
cal model, employing both the phenomenologkal and
the microscopic potentials. Evidence is found for a
marked energy dependence of the real part of the op-
tical potential-threshold anomaly-around the Coulom-
b barrier. The application of the dispersion relation
proposed by Mahaux et al. to the energy variation
of the imaginary part of the potential, reproduces the
observed energy dependence of the real potential. Fur-
ther it is demonstrated by a calculation that the
"threshold anomaly" determined from elastic-scattering
analysis is consistent with the enhancement of the fu-
sion cross section observed at sub- barrier energies. It
is also observed that the dispersive correction to the
real potential already reported for 16O -I- ̂ P b is sim-
ilar to that found here for 16O + ""Bi which has an
extra proton.

Nucl. Phys. A555 606 (1993)

NEUTRON FLOW OR COLLECTIVE DEGREES
OF FREEDOM FOR N E A R BARRIER HEAVY-
ION FUSION

S. Kailas and A. Navin

Abstract

SUB-BARRIER FISSION FRAGMENT AN-
GULAR DISTRIBUTIONS FOR THE SYS-
TEM 19F +

S. Kailas, A. Navin, A. Chatterjee, P. Singh,
A. Saxena, D . M. Nadkarnl, D.C. Biswas, R.K.
Choudhury and S.S. Kapoor

Abstract

The measurement of fission fragment angular distribu-
tions for the system 19F + M2Th have been extended
to the sub-barrier energies of 89.3,91.5 and 93.6 MeV.
The measured anisotropies within errors are nearly the
same over this energy region. However, the deviation
of the experimental values of anisotropies from the s-
tandard statistical model predictions increaases as the
bombarding energy is lowered.

Pramana. 41 339 (1993)

ELASTIC SCATTERING THRESHOLD ANOMA
LY A N D NEAR-BARRIER HEAVY-ION FU-
SION

S. Kailas and P. Singh

Abstract

Various models have been proposed in order to un-
derstand the near barrier heavy-ion fusion data. A-
mongst others the coupled channel approach of Dasao
and Landowne and the neutron flow picture of Stelson
are two of the mechanisms which describe well a large
body of near-barrier fusion data. From an analysis
of MO induced fusion reaction around the barrier for
various targets an attempt has been made to identify
which out of the above two mechanisms is more ap-
propriate to explain these data.

Pramana. 41163 (1993)

From an analysis of heavy-ion elastic scattering and
fusion data available for three systems.Udagawa et al.
presented evidence that the "threshold barrier"(T) de-
termined from fusion is approximately .equal to the
"threshold energy"(Eo) extracted from the imaginary
part of the optical potential for elastic scattering in
the vicinity of the Coulomb barrier. We have extend-
ed this investigation to include seven more systems for
which the relevant data are available. Furthermore,
from a comparison of sets of V, the polarisation po-
tential (deduced from elastic scattering) and B-T, the
barrier difference (deduced from fusion) values, it is
suggested that the two quantities are correlated.

Phys. Rev. C50 1230 (1994)
INFLUENCE OF PRE-FISSION NEUTRON
EMISSION ON FISSION FRAGMENT AN-
GULAR DISTRIBUTION FOR T H E SYSTEM

16O

S. Kailas and P. Singh

Abstract

The data of fission fragment anisotropies measured for
the system 16O + 209Bi in the centre of mass energy

78



region of 73 to 95 MeV have been compared with the
saddle point statistical model calculations. The correc-
tions to the nuclear temperature and the spin distri-
bution arising due to pre-fission neutron emission have
been made. While the resultant calculations reproduce
very well the data near- and sub-barrier energy region»
s,they deviate from the data at higher energies. This
observation is similar to what was already reported for
»6 3 0 8 P b

Zeit, fur Phys. A347 267 (1994)

SEMICLASSICAL DESCRIPTION OF ONE-
AND TWO-NUCLEON TRANSFER REAC-
TIONS AT LARGE DISTANCES IN HEAVY
ION COLLISIONS.

C.V.K. Baba1, V.M. Datar, K.E.G. Lobner2, A.
Navin and F.J. Schindler3

Abstract

It is shown that the variation of the one- and two-
nucleon transfer probability with distance can be un-
derstood on the basis of semiclassical models if the
contributions from the nuclear and Coulomb branches
of the classical deflection function are considered. A
shallow potential, with a diffuseness parameter a =
0.8- 0.9 fm for the real part of the heavy ion optical
potential, was found necessary to understand the da-
ta.

Phys. Lett B338 147 (1994)

ENTRANCE CHANNEL EFFECTS IN THE
FUSION-FISSION TIME SCALES FROM S-
TUDIES OF PRESCISSION NEUTRON MUL-
TIPLICITIES

A. Saxena, A. Chatterjee, R.K. Choudhury, S.
S. Kapoor, and D.M. Nadkarnl

Abstract

Preacission. neutron multiplicities in fusion-fission re-
actions of "B + »'Np, "B + ^ T h , aC + »"Th
and 16O + ^ T h , lynig on either side of the Businaro-
Gallone mass asymmetry (OCBG )have been measured.
The present data along with those available in lit-
erature for compound systems spanning the fissility
range from 0.70 to 0.84 were analyzed in a consistent
manner to deduce fusion-fission time scales for all sys-
tems. From the systematic behaviour of all the data,
the three components of total dynamical fusion-fission
delay, namely, transient delay, saddle-to-scission de-

lay, and formation delay, have been deduced. It is
found that the formation delay depends on the en-
trance channel mass asymmetry relative to Businaro-
Gallone point. The variations of the fusion-fission time
scales with fissility, ratio of fission barrier to tempera-
ture, and entrance channel mass asymmetry have been
studied.

Phys. Rev. C49, 932 (1994)

MASS ASYMMETRY DEPENDENCE OF FU-
SION TIME SCALES IN "B+M 7Np and " C ,
j6Oj » F + 232 T h REACTIONS IN A DYNAMI-
CAL TRAJECTORY MODEL

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

Abstract

Dynamical trajectory calculations were carried out for
the reactions of uB+737Np and "C, 16O, » F + ^ T h
having mass asymmetries on either side of the Businaro-
Gallone critical mass asymmetry aBG, in order to ex-
amine the mass asymmetry dependence of fusion reac-
tions in these systems. The compound nucleus forma-
tion times were calculated as a function of the partial
wave of the reaction for all the systems. This study
shows that for systems with a < otBGy the formation
times are significantly larger than for a > age, which
is caused by dynamical effects involved in the large s-
cale shape changes taking place in the fusion process
as well as due to the interplay between the thermal and
collective motion during the collision process. The cal-
culated time scales are comparable to the experimental
values derived from the pre-fission neutron multiplici-
ty measurements.

Pramana 42, 123 (1994)

PROMPT NEUTRON EMISSION SPECTRA
AND MULTIPLICITIES IN THE THERMAL
NEUTRON INDUCED FISSION OF mV

M. S. Samant, R.P. Anand, R. K. Choudhury,
S. S. Kapoor, K. Kumar, D. M. Nadkarni and
A. Saxena

Abstract

The emission spectra of prompt fission neutrons from
mass and kinetic energy selected fission fragments have
been measured in235U(n</l,f). Neutron energies were
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determined from the measurement of neutron time
of flight using a NE213 scintillation detector. THe
fragment energies were measured by a back—to—back
gridded ionization chamber in the second set of mea-
surements. The data were analysed event by even-
t to deduce neutron energy in the rest frame of the
emitting fragment for the determination of neutron e-
mission spectra and multiplicities as a function of the
fragment mass and total kinetic energy. The results
are compared with statistical model calculations us-
ing shell and excitation energy dependent level density
formulations to deduce the level density parameters of
the neutron rich fragment nuclei over a large range of
fragment masses.

Pramana 40 299 (1993)

ysis of the data at each energy using these models, are
in agreement with each other. The strong absorption
radius over the range of energies for the measurement
is energy independent. The total reaction cross section
at these energies are deduced.. The merits end demer-
its of various models in the context of experimental
data are discussed.

Phys. ReV. C48 1152 (1993)

INVESTIGATIONS OF COMPLETE AND IN-
COMPLETE FUSION IN " C + 93Nb AND
i6O + 89Y B Y RECOIL RANGE MEASURE-
MENTS.

B.S.Tomar, A.Goswaml, A.V.R;Reddy, S.K.Das,
P.P.Burte, S.B.Manohar, Bency John.

NUCLEUS-NUCLEUS REACTION CROSS SEC- Abstract
TION AT LOW ENERGIES : MODIFIED GLAUBER
MODEL

S.K. Charagi

Abstract

The Glauber model approach for the dwsciption of
the heavy-ion reaction cross section is extended to low
energies. A simple analytic expression for the trans-
parency function is obtained by evaluating the overlap
integral of the nuclear densities over the hyperbolic
trajectories. Using this transparency function the re-
action cross section of a large number of heavy-ion
systems is predicted reasonably well at low energies.

Phys. Rev. C48, 452 (1993)

The recoil range distribution of the radioactive evapo-.
ration residues in the reaction of 63 and 77.5 MeV UC
with 93Nb and that of 68 MeV 16O with 89Y have been
measured using recoil cat- eher technique followed by
gamma spectrometry. The linear momen- turn trans-
fers inferred from these recoil range distributions were
used to identify the evaporation residues formed by
complete and incomplete fusion mechanisms. The da-
ta are compared with Monte Carlo simulation of recoil
range distributions of products formed by complete fu-
sion to extract the contribution of incomplete fu- sion
in the individual channels. The observations are dis-
cussed in the framework of existing models.

Phys. Rev. C49 941 (1994)

ELASTIC SCATTERING OF MSi FROM 27Al
AT 70,80,90 AND 100 MeV

S.K. Charagi, S.K. Gupta, M.G. Betigerl, C.V.
Fernandes and Kuldeep

Abstract

MASS DISTRIBUTION IN 16O INDUCED FIS-
SION OF M2Th

A. Goswami, A. V. £L Reddy, B. S. Tomar, P.
P. Burte, S. B. Manohar and Bency John

Abstract

Differential cross section for the elastic scatteing of
MS* from nAl have been measured at 70,80,90 and
100 MeV bombarding energies. The data have been
analyzed in the framework of the optical model, the
parameterized phase shift model, the generalized Fres-
nel model, the Coulomb modified Glauber model. The
scattering matrix elements, determined from the anal-

The recoil catcher technique and gamma spectrometry
of fission products were used to determine the cumula-
tive/independent cross- sections of 18 fission products
in 92 and 105 MeV 16O induced fission of O2Th. The
charge distribution parameters were ob- tained from
the best fit of the mass distribution. At both ener-
gies the mass distributions are single peaked Gaus-
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sian. The fission cross-sections at 92 and 105 MeV
are 386±35 and 595±48 mb and the total number of
neutrons emitted per fission are 8.4±1.4 and 10.2±1.6
respectively.

Radiochemica Acta 62, 173 (1993)

STUDY OF TRACE ELEMENT ABNORMAL-
ITIES IN BLOOD OF CHRONIC RENAL FAIL-
URE (CRF) PATIENTS BY PROTON INDUCED
X-RAY FLUORESCENCE

Madan Lai, H. N. Bajpai*, Daisy Joseph and
P. K. Patra and * Analytical chemistry divi-
sion M.Y. Khokhawala, A. F. Almeida and V.
N. Acharya Dept. of Nephrology, K.E.M. Hos-
pital, Bombay.

Abstract

SENSITIVE METHOD FOR THE DETERMI-
NATION OF RARE EARTH ELEMENTS BY
RADIOISOTOPE -EXCITED XRF EMPLOY-
ING A HIGH-PURITY GERMANIUM DE-
TECTOR IN OPTIMIZED GEOMETRY

Madan Lal,H. N. Bajpai*,Daisy Joseph and P.
K. Patra *Analytical Chemistry Divbion, B.A.R.C
Bombay, India

Abstract

A study of trace element ab normalities in serum of
uremic patients has been carried out by Proton- in-
duced X-ray emission (PIXE) in the case of non- dial-
ysed,hemodialysed and post-transplantation. Forty t-
wo patients and eight heal thy controls selected for
this study were grouped on the basis of their serum
creatinine(SC) levels Serum samples of these subjects
were prepared in solution by acid digestion and were
micropippetted and dried on a thin mylar sheet to
be mounted on the sample holder of the PIXE cham-
ber .Proton beam from Van de Graaffac celerator (Trom-
bay.India) of 2.5 Mev energy was employed for exciting
the charac teristic X-rays of the ele ments present in
the samples and their X-rays were detected by a Si(Li)
detec- tor .The results obtained showed no significant
abnor nudities in the concentra tions of Ni,Cu,Br,Sr,and
Pb amongst various groups, was found to be signifi-
cantly higher in all the groups compared to con trol-
s.Concentration of Cu was also found to be high in the
sera of patients on hemodialysis as compared to con-
trols and non-dialysed uremics.Cu levels returned to
normal after transplantation. Br was lower in patients
undergoing hemodialysis which returned to normal af-
ter transplantation.Sr was found to be higher in all
groups of renal failure as compared to controls.Patienta
on hemodialysis accumulated significant quantities of
Pb which was found to decrease after transplanta-
tion.No significant abnormalities were observed in the
case of Zn.Se and Rb.

Int. Journal of PIXE 3 (199a) 229

A dose-coupled side source geometrical configuration
is proposed for obtaining a high detection sensitivity
for rare earth elements (57<Z<69) by radioisotope-
excited energy-dispersive x-ray fluorescence spectrom-
etry.In this configuration a disc source of Am (100 m-
Ci),a high-purity germanium detector and thin sam-
ples of rare earth elements on a Mylar backing are
employed in an optimized geometry to achieve detec-
tion limits in the range 20-50 ng for these elements in
a counting time of 1 h.

X-ray Spectrometry, 22, 349 (1993)

ULTRADIPOLE PHOTON PRODUCTION IN
40 AND 50 MEV Q-NUCLEUS COLLISIONS

M.K. Sharan, Y.K. Agarwal, C.V.K. Baba, D.R.
Chakrabarty, V.M. Datar

Abstract

7-ray yields in the energy range ~5 to 35 MeV have
been measured in the reactions a + 197Au and lsaTb at
£^=40 MeV and a +197Au, ll6Sn, ^Ag and ™Co at
£•„=50 MeV at ft, = 90°.. Angular distribution mea-
surements have been carried out for the heaviest and
the lightest target at Ea — 50 MeV. A reasonably good
agreement with the statistical model calculations Is ob-
tained for photon energies upto the giant dipole reso-
nance region. A non-statistical component is observed
at higher 7-ray energies for all the systems studied. An
attempt to understand the production mechanism of
the non-statistical part is made in terms of the poten-
tial bremsstrahlung and and the incoherent nucleon-
nucleon bremsstrahlung processes. While the calcula-
tions give the right order of magnitude of the measured
cross sections for the highest 7-ray energies, they fail
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to reproduce the measured angular distributions and
the cross sections in the entire 7-energy range.

Phys.Rev. C48 (1993) 2845

A POSITION SENSITIVE IONISATION
CHAMBER FOR MEASUREMENT OF
FISSION FRAGMENTS AND MEDIUM
MASS HEAVY IONS

D.C. Biswas, V.S.Ambekar, L.M. Pant, B.V.
Dinesh, R.K. Choudhury.

Abstract

The identification is based on the published light ion
induced proton transfer studies as well as the ahel-
1 model calculations. The Angular distributions and
the excitation functions for the two groups have been
measured and analysed in terms of the finite range D-
WBA. The optical potentials in the entrance channel
have been determined by fitting the measured elastic
angular distribution data. The consistency of the Nor-
malisation constant determined indicates that the dis-
sipation mechanism, at least, for one- nucleon transfer
stage proceeds predominantly through the direct reac-
tion mechanism.

Nucl. Phys. A564 (1993) 271

A position sensitive ionisation chamber telescope is de-
scribed with AESa$-Ega, sections which can measure
simultaneously the specific energy loss AE, energy E
and the position of heavy ion reaction products in the
median plane. The position information is derived by
having a split AE structure and by adopting the pulse
division method for the signals collected by the two
AE sections. For on-line angle calibration, the E part
of the anode structure is also split into five segments.
The detector was tested with fission fragments from a
3S3Cf spontaneous fission source and with heavy ions
from the pelletron tandem accelerator. Simultaneous
measurement of AE and E gives good separation for
heavy and light fission fragment groups. The position
resolution is found to be 1.1 mm for fission fragments.
The detector has been used in heavy ion reaction a-
tudies for measuring fission fragments, providing good
separation from projectile-like particles.

Nucl. Instr. and Meth. AS40 (1994) 551

STUDY OF THE REACTION m /n ( 1 2 C," S)116Sn

B. J . Roy, M. G. Betigeri and H. C. Jain*, M.
I» Jhlngan* "Tata Institute of Fundamental Re-
search

Abstract

The proton stripping reaction l l s /n(1 2C," B)116Sn has
been studied using 84 MeV 13C beams. Two group-
s of states centred at 4.2 and 5.5 MeV excitation in
n6Sn probably have configurations involving particle
- hole states of (1$~^, lg7/2) and ( l g^ , IA11/2) origin.
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EFFECTS OF PREFISSION NEUTRON
EMISSION ON THE FISSION FRAGMEN-
T ANGULAR DISTRIBUTIONS IN HEAVY-
ION INDUCED FISSION

A. Saxena,S. Kallas, A. Karnik and S. S. Kapoor

Abstract

Earlier calculations of fission fragment anisotropies made
with the standard saddle-point statistical model have
been corrected to include the effects of pre-fission neu-
tron emission. These calculations are compared with
the data reported earlier for the fissioning systems
formed by projectile-target combinations of 10B, i2C,
16O and 19F on M2Th and »'Np and 9Be on ^ T h . It
is seen that for these systems the conclusions reached
earlier regarding the entrance channel dependence of
the fission fragment anisotropy as a function of mass
(charge) asymmetry are not affected by the inclusion
of corrections due to prcfission neutron emission.

Phys. Rev. C47 403 (1993)

IMPACT PARAMETER DEPENDENCE OF
PREEQUILIBRIUM PARTICLE EMISSION

D. Prindle, R. Vandonbosch, S. Kailas,
A. Charlop and C. Hyde-Wright

Abstract

The energy spectra and angular distributions of. pro-
tons.deuterons, tritons and alpha particles from 215
MeV 16O bobardment of Tb, Ta, and Au have been
measured in coincidence with both evaporation rsidues
and fission fragments. The evaporation residue and fis-
sion fragment triggers together with the angular mo-
mentum dependence of the evaporation residue-fission
competition have enabled us to extract the impact pa-
rameter dependence of the light charged particle pree-
quilibrium multiplicities within the fusionlike impact
parameter domain. The light charged particle spec-
tra can be parametrised as originating from a source
with approximately 1/2 to 2/3 of the beam velocity
and with a slope parameter of 5-7 MeV. The proton
multiplicities increase with decreasing impact param-
eter ,in agreement with a nucleon exchange transport
model prediction. The ratio of the complex particle to
proton multiplicites decrease with decreasing impact
parameter, suggesting dynamical effects in the com-
plex particle production mechanism.

Phys. Rev. C48 291 (1993)



INCLUSIVE (sHe,t) REACTION IN
DELTA EXCITATION REGION

Neellma G. Kelkar and B.K. Jain

Abstract

Using the one step reaction mechanism, calculations
are presented for the overall features of the inclusive
(sHe,t) reaction on various target nuclei in the delta
excitation region. The interaction for the elementary
pp -* nA++ process is given by one-pion-exchange,
and is written in the covariant relativiatic form. The
values of the parameters in the interacion are cho-
sen such that the interaction successfully describes the
spin averaged experimental elementary cross-sections.
The distortion in the entrance and exit channels is de-
scribed in the eikonal approximation, and the nuclear
response is described in the "distorted wave Fermi gass
model". The cross-sections for the triton energy spec-
trum, angular distribution and the total events at 0°
on several nuclei are calculated and compared with the
corresponding experimental data. The main features
of the measured cross-sections are reproduced. Fig.l
shows some typical results.

Int. Jr. of Mod. Phys. E (in press)

NEAR-BARRIER FISSION OF THE
SYSTEM "C + »»Th

A. Karnik, S. Kallas, A. Chatterjee, P. Singh,
D.C. Biswas, D.M. Nadkarnl, A. Shlvaatava and
S. S. Kapoor

Abstract

The fission fragment angular distributions for the sys-
tem 12C + MaTh have been measured in the energy
range 0.97 < Ee.m./VB < 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 dis-
tribution < P > 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./Vs > 1.05, they are abnor-
mally large at lower energies. This is also true for the
existing measurements of 16O and and WF + '"Th
systems. Since for this system pre-equilibrium fission
contributions are not expected, this abnormaly indi-
cates string channel coupling effects leading to an in-
crease in < I2 > at sub- barrier energies.

Z. Phys. A (in press)

DEEP INELASTIC COLLISIONS OF WS+27A1
REACTION AT 130 MeV ENERGY

R.K. Choudhury, D.M. Nadkarni, V.S. Ambokar,
B.V. Dinesh, A. Saxena, M.S. Samant', D.C.
Biswas and L.M. Pant
* Tata Institute of Fundamental Research.

Abstract

MASS RESOLVED ANGULAR DISTRI-
BUTION IN 10B,12C AND 16O INDUCED
FISSION OF M2Th

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

Abstract

The ^S+^Al reaction was studied to investigate the
deep inelastic collisions at a bombarding energy of 130
MeV which is well above the Coulomb barrier. The
energy distributions of the binary decay prodr *a of
6 < Z < 10 were determined using a large area posi-
tion sensitive ionisation chamber. The average kinetic
energies of the reaction products indicate that the exit
shapes correspond to highly stretched scission config-
urations in the deep-inelastic processes.

To be published in Pramana

The recoil catcher technique and gamma spectroscopk
assay of fission products was used to measure angular
distribution of 17 fission products in X0B,l2C 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 excita-
tion energies. It has been suggested that the difference
in the rotational energy for the symmetric and asym-
metric modes for large compound nucleus spins could
be responsible for the observed variation. No system-
atic change in mass dependence of anisotropies across
the Bussinaro-Gallone point was observed. For MO in-
duced fission of 232Th, sharp variation in anisotropies
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has been observed in the mass region 120-135. This
has been attributed to transfer induced fission.

Accepted for publication in Phys. Rev. C

MASS DISTRIBUTION IN 19P INDUCED
FISSION OF M2Th

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

Abstract

Formation cross sections of several fission products
have been determined using recoil catcher technique
followed by gamma ray spectrometry in 19F induced
fission of 2WTh at Elab=95 and 112 MeV correspond-
ing to projectile energy just below and above fu- sion
barrier. The data shows significant admixture of fis-
sion from compound nucleus formed by complete fu-
sion(CF) as well as target like nucleus formed by trans-
fer reaction. An attempt has been made to obtain
mass distribution for both CF fission and TF separate-
ly using the systematic» 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 crossec-
tions has beep obtained. AT 95 MeV the TF consti-
tutes about 28112 MeV it is about 14projectile energy.

Submitted to Phys. Rev. C

HADRONIZATION DURING QGP PHASE
TRANSITION

A. K. Mohanty and S. K. Kataria

Abstract

The hadron multiplicity distributions and factorial mo-
ments are studied in the frame work of Landau theo-
ry of phase transitions. The factorial moments show
a scaling law with a scaling exponent v which char-
acterizes the intermittency properties of the hadron
phase for T<Te (or Tt) where Te (or Tt ) is the tran-
sition temperature for second (or first ) order transi-
tion. The scaling exponent y 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 < Te 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 Te 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 2}
where Tt > Te. 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 hndron
multiplicity distribution at various resolution or bin
size reveals more information about the dynamics of
the phase transition. The calculated hadron multiplic-
ity distributions are also compared with the Negative
Binomial Distribution, often used to explain the ex-
perimental multiplicity distributions.

Submitted to Phys. Rev. C

EFFECT OF LONG RANGE ABSORPTION
ON FUSION SPIN DISTRIBUTION

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

Abstract

The effect of long range absorption on "fusion" mean
square spin is investigated within the framework of op-
tical model (OM), in contrast to complete traversal of
the barrier . It is shown that at deep sub-barrier ener-
gies, the WKB method underpredicts the fusion mean
square spin of optical model calculation using a short
ranged imaginary potential. The effects of long range
absorption on fusion spin distribution is investigated
as a function of fusion radius using optical model. It is
also observed that the Coupled reaction channel calcu-
lations (CRC) predict anomalously large fusion mean
square spin at deep sub-barrier energies. It is shown
that the spin enhancement strongly depends on the
Coulomb deformation and Rmox parameter. The long
range absorption in the CRC method mainly arises
due to Coulomb excitations. The optical model with
effective imaginary potential extending to large radial
distances is shown to qualitatively reproduce the CRC
results.

Submitted to Phys. Rev. Lett.
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A NEW APPROACH FOR HEAVY ION
FUSION SPIN DISTRIBUTION

S.V.S. Sastry, A.K. Mohanty and 3.K. Katarla

Abstract

The method of optical model analysis of generalised
elastic scattering angular distributions (GESA) has
.been applied to heavy ion scattering to derive fusion
spin distributions . This method is used to reproduce
the coupled channel fusion spin distributions . This
was verified in the presence of couplings to inelastic
as well as transfer channels using the CC codes ECIS
and FRESCO. When applied to experimental data,
particularly to the fissile systems like UO +2 M Th ,the
method gives large mean square spin values in agree-
ment with " anomalous " values derived from exper-
imental fission fragment anisotropies . The analysis
shows that the fusion competes with transfer process-
es for all partial waves at low energy, whereas at high
energy , the transfer exhibits localisation in L-space.
These results are model independent as one uses only
the experimental angular distributions for appropriate
reaction channels.

To be. published in Pramana

FIRST-ORDER CORRECTION TO THE
EIKONAL PHASE SHIFT FOR HEAVY-ION
REACTION CROSS SECTIONS AT LOW
ENERGIES

S.K. Charagl

Abstract

The first-order non-eikonal correction has been applied
to the phase shift, to calculate heavy-ion reaction cross
sections at low energies. The numerical investigations
show that, for many heavy-ion systems reaction cross
sections thus calculated are in good agreement with
the optical model calculations.

Submitted to Phys. Rev. C

COMMENT ON " MODIFIED GLAUBER
MODEL II DESCRIPTION FOR HEAVY-ION
SCATTERING"

S. K. Charagl

Abstract

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 addi-
tion 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
uO+aC and »O+^St at EM • 1503 MeV. For these
two systems, there is a prediction of enhancement of
the reaction cross section. However, our numerical in-
vestigations show that, for many other heavy-ion sys-
tems, at low energies, this model fails to properly pre-
dict the reaction cross section. Some other weaknesses
of the model are also described.

Accepted for publication in Phys. Rev. C.

UNUSUAL REFLECTION FROM THE
POTENTIAL STEP BARRIERS

Zafar Ahmed

Abstract

The recently reported "anomalous" single dip in re-
flectivity (H.Zhang and J.W.Lynn Phys. Rev. Let-
t.. 70 (1993) is shown to be a common feature of the
sharp semi-infinite potential step barriers. An inter-
esting decomposition law of reflection amplitudes of
these potentials i.e., r = ( n + »*»)/(l + nr2) is estab-
lished, which explains the occurence of superbarrier
single dip in the reflectivity of the said barriers.

Submitted to Phys. Lett. A

NONLINEAR DYNAMICS OF CRANKING
MODEL A N D THE SEMICLASSICS OF
SUPERDEFORMATION

Sudhir R. Jain*, Ashok K. Jain4* and Zafar Ahmed

* Theoretical Physics Division, B.A.R.C + Department
of Physics, University of Roorkee, Roorkee.

We present a complete discussion of the dynamical s-
cenario supported by the cranking model and apply it
to the physics of superdeformation. We conclusively
demonstrate the several important observed features
of the superdeformed nuclei such as the negative align-
ment of the superdeformed bands, the sudden decay-
out of the gamma ray intensity and quantized incre-
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mental alignments are related to nonlinearities of the
cranking model. We bring out these features by the
semiclassical quantization about the fixed points of
the model. Further, we establish occurence of second-
order phase transition accompanied by change of sign
of alignment of particle angular momentum with the
rotation axis.

Submitted to Phys. Rev. Lett.

MULTINUCLEON TRANSFER STUDIES IN
MSr

B. J . Roy, B. Srinivasan, E. Shallom M. G.
Betigerl and
H. C. Jain*, M. L. Jhingan*
'Tata Institute of Fundamental Research.

Abstract

Cross sections for multinucleon transfer reactions are .
measured at several angles in the reaction wSr(13C,X)—X
ranging from 9Be to 14C at an incident Carbon ion en-
ergy of 87.5 MeV. In case of single nucleon transfer
reactions.the measured angular distributions of cross
sections in transition to the ground and low lying s-
tates in the 87-89Sr and *9Y nuclei are described well in
terms of finite range DWBA calculations. The trans-
fer probability obtained from the experiments to well
defined shell model orbits forms the single particle u-
nit for evaluation of the mechanism in multinucleon
transfer reactions. The analysis reveals a small en-
hancement of transfer probability corresponding to a .
proton pair stripping. The mechanism of one step "di-
rect" 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.

To be published in Nucl. Phys. A

nique has Wen employed for the analysis of metallic
elements at different stages during processing of NiO
bearing spent catalyst and preparation of ferrochrome.
EDXRF technique has aided in the appropriate varia-
tion of the thermite ingredients to arrive at the opti-
mum charge composition.

Accepted for publication in "Metal Transactions"

APPLICATION OF FISSION FRAGMENT
FOLDING ANGLE TECHNIQUE TO
MEASURE COMPLETE FUSION-FISSION
AND TRANSFER FISSION CROSS-SECTIONS
AND ANGULAR DISTRIBUTIONS IN
HEAVY ION INDUCED FISSION REACTION-
S AT SUB-BARRIER ENERGIES.

P. Bhattacharya", N. Majumdar*, P. Basu*, M.
L. Chatterjee', D. C. Biswas, A. Saxena, V. S.
Ambekar, R. K. Choudhury, and D. M. Nad-
karni
* Saha Institute of Nuclear Physics.

Abstract

Fission fragment folding angle technique has been used
to separate the complete fusion-fission (CFF) and trans-
fer induced fission (TF) components in the reaction of
»F on »»Th. The fragment folding angle distribution-
s were measured using two position sensitive Breskin
type detectors and were compared with simulation-
s based on the kinematics for complete fusion-fission
and transfer fission events. The results on the excita-
tion function and angular distributions for the CFF,
TF and total fission events have been simultaneously
measured over the bombarding energy range of 78.5
MeV to 106.5 MeV for the above system.

Accepted for publication in Nuovo Cimento -

MONITORING OF THERMITE SMELTING
OF LOW CARBON FERROALLOYS BY
ENERGY DISPERSIVE X-RAY FLUORES-
CENCE

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

Abstract

Energy Dispersive X-ray Fluorescence (EDXRF) tech-
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FISSION FRAGMENT ANGULAR
DISTRIBUTIONS AND EXCITATION
FUNCTIONS IN FISSION FOLLOWING
COMPLETE FUSION AND TARGET-LIKE
FRAGMENT FISSION REACTIONS OF
»F + K2 T h A T NEAR AND SUB-BARRIER
ENERGIES.

N. Majumdar*, P. Bhattacharya*, D. C. Biswas,
R. K. Choudhury, D. M. Nadlcarnl and A. Sax-

.* Saha Institute of Nucjear Physics.

Abstract

The fragment angular distributiona and excitation func-
tions of the fission following complete fusion (FFCF)
have been measured after separating them from target
like fragment fission (TLFF) for »F+^Th system in
the bombarding energy range of 84.5 to 106.5 Mev.
The fraction of target-like fragment fiss been measured '
after separating them from target like fragment fission
(TLFF) fon l9F+2s2Th system in the bombarding ener-
gy raqge of 84.5 to 106.5 Mev. The fraction of target-
like fragment fission was observed to increase with de-
creasing bombarding energy below the Coulomb bar-
rier. The excitation function for fission following com-
plete fusion reaction agrees well with coupled channel
calculations (OCDEF code). However, the < P > val-
ues derived from the fragment anisotropy data of the
FFCF events are found to be much larger than those
calculated using the coupled channel transmission co-
efficient values. The discrepancy between the expert-'
mental and calculated < P > values increases as the
bombarding energy is decreased below the barrier.

Accepted for publication in Phys. Rev. C

DECAY LAWS OF PSEUDOINTEGRABLE
SYSTEMS

Sudhlr R. Jain0, S. K. Katarla* and Akhitesh
Pandey*
0 Theoretical Physics Division
'Nuclear Physics Division
'School of Physical Sciences, Jawaharlal Nehru Uni-
versity, New Delhi

Abstract

Employing the Birkhoff-Poincare map for a pseudoin-
tegrable billiards, we show that the decay law associ-

ated with the systems intermediate between integrable
and the mixing systems is a power law. This result for
a generic polygonal billiard ( particularly the irrational
0-rhombus billiard ) illustrates the important result -
the exponential decay law requires mixing property of
the dynamical system and that ergodidty ifl not a suf-
ficient condition. Presenting the criteria for periodic
orbits in any rational rhombus billiard, we also illus-
trate the applicability of our results to a Situation in
chemical dynamics. .
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