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Introduction

The y rays emitted in nuclear reactions
provide a clean probe to explore the propertics of
stomic nucleus and collision dynamics. The
production mochamism of Ingh-enengy v rays in
nuclear reactions has, therefore, been the subject
ol intensé investigation both theoretically and
experimentally [1-3]. In heavy-ion reactions,
with projectile energies below 7 MeVinucleon,
the y-ray yield can well be understood by
compound nuclear mechanism, with a y-ray
strength function dominated by the giant dipole
resonance (GDR), At ligher beam cnergies, non-
statistical processes such as nucleon-nucleon
bremsstrahlung contribute, The nucleon induced
reactions, on the other hand, show some
interesting features in the y-ray spectnim. The
nucleon can be captured o any of the single
particle configurations of the composite system
thereby emitting n ¥ ray. This is called direct
capture. The nucleon can also be captured to 2
compound nuclear state which subsequently
decays by the cotission of y ritys in competition
with particle decay, In between the compound
and direct capture process, the y rays can be
incoming nucleon excites the GDR in & single-
step process, which subsequently decays by the
eminsion of high-encry 7y rays.

I this work, we present the mamm::
of high rays (5-25 MeV) for proton an

:{W Mmm’:u‘tn "n and '_’?Su nucler,
respect targst projestile combination

he sume

that roughly the saime intrinsic excitation energy
is reached through the compound process, The y-
ray and neutron energy spectra both were
measured. From the neutron spectry, it has been
shown that level density of the nucleus away
from the f-stobility line decreases [4]. In this
work, the results for the measured y-ray spectra
arc presented.

Experimental Details

The experiments were performed at the
Vanuble Encrgy Cyclowon Centre, Kolkata, The
'H and *He beams of energics 12 and 28 MeV
were bombarded on selfsupporting 'In and
1S targets, respectively. The high-energy ¥
rmys were measured using a part of the
LAMBDA army {5] consisting of 49 large
(3.5%3,5x35 o) BaF, scintillators, The array
wits placed ol a distance of 50 cm from the targel
position at an angle of 90° with respect to the
beam direction in 4 7x7 matnx. The neutrons
were rejected by using the TOF technique. The
sart ingger was genersted  using  two-part
multiplicity filter [6]. Each part had 25 smull
(3.5%3.5%5 cm') BaF; detectors, and was placed
on the top and bottom of the turget chamber in
x5 staggered castle type geometry. The data in
LAMBDA army was detected in coineidence
with at Jeast one detector of the multiplicity
filter. The high-encrgy yeray spectrn were
generated in the offline analysis by cluster
summing techilque [5] using proper culs to
climinate the newtron and pile-up events. The
cosmie muon events were rejected by using the
hit-patterns in the LAMBDA armay, which are
quite different frorm actual y events,
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Introduction

The mtio of shear viscosity to entropy
density (1/s) is 4 key property of an ideal fluid.
“The conjecture of Kovtun-Son-Sturinets (KSS)
lower bound has initiated avid research work in
this field, especially in strongly correlated
Fermionic systems like quark-gluon-plasma ot
very high temperature (T). The relation between
“nuclear collectivity and v has been established
by references such us Auerbach and Shiomo,

wing  jsovector giant dipole  resonance

JR)[1). IVGDR width and energy may be
y understand 1 and 1/s ratio, However,
GDR is @ collective phenomenon and hence the
trend of T-dependent 1 is different from that of
clussical fluids. Dang [1] unveiled a new elegant
ut simple sm to connect GDR width and
recent work, interestingly, Mondal

~shown that at fow T and angular

nucleus behaves ns

So. far there are a few interesting
invegtigation in this field. But the study of n/s at
high J and T is still very rare. Tn this work, and
n/s of ¥Zr, ¥ Rb, and **Mo are extracted from the
existing experimental datn of GDR widili, The
entropy density (s) is also explored from the
experimental data nnd finally n/s ratio hus been
found out. We also investigated the validity of J-
FLDM as well as CTFM to explain the
experimental data.

Data analysis

The nuclet ¥Zr, *'Rb are selected from the
existing liternture, These compound nuclei (CN)
were populated in the reactions *'Ca+*'Ca,
S1C14+4Ca (3] (beam energy Eys at 136 and 95
MeV, excitation energy Ex of 54 and 83 McV,
respectively). The nucleus *Mo was populuted
in the reaction **Si+*Ni at Ejs 125 MeV und Fx
of 66 MeV [4], The average angulor momentum
J hass been 35h und temperature T is 1.8-1.9 MeV
in the first two reactions. For the latter, S and T

 were kept ut 35h and 1.23 MeV. The averuge J

d T have been found out using statistical
ol code CASCADE selecting only the decay

¢ angular momentum J is greater
gular momentum J; beyond
can be observed on the GDR
R width at ground state (I's) 15
us 4.5 MeV that was  measured
ntally n ‘pholunb‘sorpum.r lc:petimﬂe\‘:
viscosity 1) at temperature T s extract
l;mlg: the expmmul GDR width
osed by Dang in the equation:

‘%ﬁg’uyfnvdjmly contribute to the GDR y-ray
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Introduction and Aim from the nuclear interaction volume, a simple
/. < farm of 3BF calculation [7.8] which provided
bod rc A and manifestation of three- fairly good result for both the alpha-deuteron and
y forces in few nuclcon breakup yucie0n deuteron systems, is also applied in the
experi _have been the topics of increasing e eaes 0 ncfhhtin 5 sﬁ.:r':: collinear
interests since long ago. In this direction, the best ":“C / : B o 24
IR gion, we exploited data from the existing
festing table has been the nucleon-deuleron  fyergrure [4.5), at incident proton encrgies, By
YRy nlphn:dcuwon sys}gm being treated 35 _ 45 MeV and correlated pair of angles as (9, 62)
the next candidate due (0 highly stable character  _ (59 5(7,59.5°). Patial fulfillment of collinearty
of alpha particle [1-7]. With the nd‘vcnl of time,  ondition occurs for the data [4,6] at Eguey= 16
there have been a large collestion of high nrav,  with corelated pairs _of angles
precision experimental data along with highly (24 4.0",40.0%), and (314°31.4%). Results of our
rich different theorctical approaches like 1hose  cafculations are displayed in figures 14, b and ¢,
‘based on Faddeev  theoretical calculations.  ohere in each figure black dashed ‘cutve
Though the overall agreement between theory  comesponds 10 existing (4] Faddeev type
and experiment is Tather £00d, there eXist cetiit  calculations (without 3BF), dotted blue curve
- discrepanicics. cspecially at and around  Corresponds to present 3BF calculation (in
the collinear region in the kinematically allowed iy unit), while the solid red curve
: space, where three-body force (3BE)  represents the incoherent summation of 3BF with
e expecied to be manifested [47.8] £ (4. Point on the S-axis satisfying collinear
y. The cxisting discrepancics  condition in fig 1@ is indicated by an arrow
near region point 1o the necessity  mark,  Our observations are summanzed 3s
/ ingredient like 3BF in addition — given below,
body inputs in the 3N (i) In both the conditions: satisfying strict
: collinearity  codition (Fig 1(a)) and meeting
jal fulfillment of collincarity (Figs 1(b) and
(c)), 3BF cffect (blue dotfed curves) seem (0
nifest itself leading 10 better reproduction
(solid

‘red curves; FT+3BE in the figures) of the
of the experimental dismibution of the
y comrelation €ross sections. i
Ep=65 MeV (Fig 1(a)), (he existing
between the theory and experimental
tion is found (o be significantly rgduccd
contribution is tken care of with the
et (FT+3BF, red solid curvo), the lel
of the right peak of the distribution 15 found

1 Wﬁﬂ'ﬂ‘ .Wwomhpnp'om/pvwrdings
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Foreword

Reimagining South Asian Art, Culture and Archaeology s 2
prodigious book that should be read by every graduate and post-
graduate student with interests in South Asian art, culture, and
archacology. This edited volume brings together a series of essays
that addresses the broad issues of trans-disciplinarity and culmmal
complexity attested with the art and archaeological practices of the
region.

The theme of the present volumeis a logical step forward from
the theme of the conference Recent Archaeological Invesrigations
in South Asia jointly organised by the Archacological Exploranon
and Excavation Department, Heritage Society, Patma, and ML S\
College, LN. Mithila University, Darbhangs, on 20-31 July
2020. The conference brought together many diverse interesis
that clearly outline how archaeology in recent times have shifted
from the materialistic outlook of the imperialistic and monumental
remains of the past to a more nuanced study of urbanisation partern.
cultural intelligibility, and theatrical discourse of spatial-temporal
interactions of objects with the site. The editors of this book have
rightly perceived archacology along continuum ranging from
monument-centric approach to collaborative trans-disciplinary
endeavour.

This volume effectively reopens a serious discussion on
fundamental issues of archacology and suggests effective ways that
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