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In low count-rate experiments, cosmic
muons represent the primary source of back-
ground interference for the detectors. Addi-
tionally, natural radioactivity, primarily con-
sisting of gamma-rays and neutrons emitted
from the surrounding rocks, contributes sig-
nificantly to the background noise. These fac-
tors have a notable impact on the sensitivity of
underground experiments. Therefore, the suc-
cess of these experiments hinges on the effec-
tive deployment of compact, cost-efficient veto
systems that can discern muons while mit-
igating gamma-ray and neutron background
interference. Our study explores the chal-
lenges associated with background interfer-
ence in low count-rate experiments. To ad-
dress these challenges, measurements of muon
flux were conducted at the UCIL underground
laboratory in Jaduguda, India [1]. This inves-
tigation utilized a setup consisting of plastic
scintillators, Silicon Photomultiplier (SiPM)
detectors, and photomultiplier tubes (PMT)
providing valuable insights into the efficiency
and accuracy of the measurement setup, and
has laid the foundation for future investiga-
tions and experiments in the field of low-
background research.

To comprehensively understand nuclear as-
trophysical network calculations, especially in
the context of processes like the r-process, it
is crucial to consider astrophysical reaction
rates at a fixed temperature which requires
Maxwellian-averaged cross-sections across a
wide range of energies for radiative neu-
tron capture processes. Determining these
cross-sections and reaction rates within a sta-
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tistical framework primarily relies on three
key components: (i) Neutron-Nucleus Opti-
cal Model Potential (OMP), (ii) Gamma-ray
Strength Function (7SF), and (iii) Nuclear
Level Density (NLD). While uncertainties in
the Neutron-Nucleus Optical Model Potential
(OMP) are relatively small, the Gamma-ray
Strength Function (ySF) and Nuclear Level
Density (NLD) have a more significant im-
pact on shaping the calculated neutron cap-
ture rates. NLD provides insights into the to-
tal number of available states within a nucleus
at specific excitation energies. Various meth-
ods, ranging from simple phenomenological
models based on non-interacting degenerate
Fermi gas principles to complex microscopic
mean-field models, have been employed to cal-
culate NLDs [2-6]. These models incorporate
collective effects through rotational and vibra-
tional enhancement factors. To ensure accu-
racy, these Nuclear Level Density (NLD) mod-
els are normalized against experimental data
at low energies and neutron resonances.

Within the framework of the shell model,
which inherently considers collective excita-
tions through residual interactions, more re-
alistic Nuclear Level Densities (NLDs) can
be generated. Several approaches have been
explored within this shell model framework
for calculating NLDs. Omne such approach
is the shell model Monte Carlo method [7],
which employs auxiliary fields to compute
the thermal trace for energy and subse-
quently employs inverse Laplace transforms
to derive the NLDs. Another effective tech-
nique for constructing NLDs is based on
the Spectral Distribution Method (SDM), ap-
plied to the many-body shell model Hamil-
tonian in the complete configuration space.
This method avoids the need for diagonal-



izing large-dimensional matrices [8, 9]. The
SDM has been extended to generate NLDs
for many-body shell model Hamiltonians by
calculating the first and second moments of
the Hamiltonian for various configurations at
fixed spin and parity. The resulting NLDs
exhibit reasonable agreement with those ob-
tained through the exact diagonalization of
the shell model Hamiltonian in the complete
configurational space [11].

In our study [9], We have obtained realistic
NLDs using the Spectral Distribution Method
applied to the many-body shell model Hamil-
tonian within the pjf-model space for sev-
eral pf-shell nuclei. To incorporate NLDs of
opposite parities within the pf-model space,
we employed a suitable parity equilibration
scheme. The resulting NLDs and neutron res-
onance spacings in the s-wave channel show
reasonable agreement with available experi-
mental data. Employing these NLDs, we com-
puted reaction cross-sections and astrophys-
ical reaction rates for neutron capture pro-
cesses involving 59V (n,y)?'V, %Fe(n,~)>°Fe,
and 58Ni(n,v)%"Ni. Our calculated reaction
cross-sections align well with experimental
data, particularly for incident neutron ener-
gies relevant to astrophysical conditions [9].
In another study [10], we have computed Dy
values in the sd-pf model space for 2*Na,
25,26,27\[g nuclei, and observed a noteworthy
enhancement in agreement with experimen-
tal data when compared to earlier calcula-
tions [12] conducted solely within the sd model
space. This improvement can be attributed
to the existence of cross-shell excitations. We
have also investigated the sensitivity of mi-
croscopic effects, including collective enhance-
ment, pairing, and shell corrections, on total
nuclear level densities in and around the (-
stable nucleus Z; for a fixed mass number
within the mass range A = 40 — 180, us-
ing data from two different widely-used mi-
croscopic mass models [13].

The density-dependent nature of nuclear
symmetry energy plays a crucial role in deter-
mining various properties, from finite nuclei to
neutron stars with a mass roughly 1.4 times

that of our sun [14]. By analyzing observ-
ables such as neutron skin thickness, isovec-
tor giant dipole resonance energies, and dif-
ferent nuclear reaction cross-sections in asym-
metric nuclei, we gain insights into the slope
of symmetry energy (L) at saturation den-
sity. Recent measurements from the PREX-
IT and CREX campaigns, focusing on neutron
skin thickness in 2°®Pb and *®Ca nuclei, have
produced conflicting values for Ly, with lit-
tle overlap in a 90% confidence interval [15].
In our recent study, we have explored the im-
pact of symmetry energy on sub-barrier fu-
sion cross-sections and astrophysical S-factors
for asymmetric nuclei [16]. Our observation
implies that accurate measurements of sub-
barrier fusion cross-sections might offer an al-
ternative approach for estimating neutron skin
thickness or the slope parameter of the sym-
metry energy.
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