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Introduction

Geant4 simulation of a single-crystal HPGe
detector of NDPCI (Nuclear Data Physics
Centre of India) and the recently in-
stalled VENUS (VECC array for NUclear
Spectroscopy) facility at Variable Energy Cy-
clotron Centre (VECC), Kolkata has been per-
formed in its experimental configuration. At
present the array consists of 6 clover HPGe
detectors [1] with BGO Anti-Compton shield
(ACS) in the horizontal plane. The NDPCI
detector is an n-type coaxial HPGe detector
(Model No. EGNC-25-200-R of M/s. Can-
berra, France) with Be window for detect-
ing low-energy γ- and X-rays but without
ACS. The results of the simulation were com-
pared with the available experimental data
from the experiments done with VENUS ar-
ray and from the measured values reported in
[2, 3] for the single-crystal HPGe.

Geometry construction

For both the cases, the geometries of the
cylindrical-shaped detectors were constructed
first using the dimension provided by the sup-
plier. VENUS: 4 HPGe crystals, each of size
50 mm (dia) x 70 mm (length), were placed
on a copper plate of 10 mm thickness to con-
stitute the clover detectors and placed inside
an Al housing (3 mm). The geometry includes
the ACS with the heavy-metal collimator, the
beam line and the target chamber. The detec-
tors are placed at 45◦, 55◦, ±90◦ and ±150◦
angles about the beam direction at a distance
of 26 cm from the centre, as shown in Fig. 1.
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FIG. 1: Simulated geometry of VENUS array.

NDPCI detector: The dimension of the HPGe
crystal is 53 mm (dia) x 60 mm (length) with
a 0.5 mm dead layer. The Be window is 0.3
mm thick and is placed at 6 mm away from the
front face of the crystal. The remaing part of
the crystal is surrounded by 3 mm thick Al
cover.

Physics processes
In this simulation, three particles γ, elec-

tron and positron were considered. The pho-
toelectric effect, Compton scattering, pair pro-
duction, electron ionization, multiple scatter-
ing, bremsstrahlung radiation and positron-
annihilation processes were incorporated.

Results and discussion
Some of the simulated results of efficien-

cies in the crystal, sum and add-back modes
for the clovers and of the array are shown
in Fig. 2. Comparison of the measured efi-
iciency (normalised with simulation) is also
shown. The absolute efficiencies of the clover
addback and of the VENUS array were ob-
tained as ∼ 0.17% and ∼ 1.0%, respectively,
at 1 MeV in the simulation. The peak-to-total
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FIG. 2: (a): simulated efficiency in various modes
(inset: addback efficiency compared with mea-
sured data) vs. Eγ . (b): measured and simulated
addback factors (inset: simulated P/T ratios vs.
Eγ) for the clovers in VENUS array.

FIG. 3: Measured and simulated absolute efficien-
cies of the NDPCI detector vs. Eγ for 11 cm (cir-
cle), 16 cm (square) and 22 cm (triangle) distances
from the source.

(P/T) ratios were also obtained as a function
of Eγ and shown in Fig. 2 ((b), inset).

The absolute efficiencies for the NDPCI
detector at various distances were simulated
and their comparison with measured data are

FIG. 4: Variation of measured and simulated ab-
solute eff. with distance for 1 MeV γ-ray (NDPCI
det). Data are fitted with a/r2 equation.

shown in Fig. 3 as a function of Eγ . Excellent
agreement between data and simulation has
been achieved. The absolute efficiency of the
detector at 11 cm has been found to be 0.2%
for Eγ = 1 MeV. Variation of the measured
and simulated efficiencies of the detector with
distance from the source are shown in Fig. 4
for 1 MeV γ-ray which is observed to follow
the a/r2 equation (fitted curve).

Summary
A complete simulation of the VENUS facil-

ity at VECC and the EGNC-25-200-R n-type
HPGe detector procured by NDPCI has been
performed in the Geant4 platform. Efficiency,
addback factor and P/T ratio have been ob-
tained and compared with measured data.
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