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In this research, the amount of neutron energy sigpo in HPGe crystal of different sizes and dfedent distances
from a neutron source has been evaluated by usi@i®icode. Then, the rate of atoms displacementedrctystals has
been calculated using a FORTRAN program that waemrbased on NRT Model. The damage to crystaldpgtional to
the energy deposition of neutron directly. Resufitsws that number of atoms displacement in the crysteelated to the
neutron radiation damage and increased by enladfiogystal size.

1. Introduction

Semiconductor detectors have high energy
resolution and are used commonly for photon and
charged particles spectroscopy. High Pure
Germanium (HPGe) is one of the best

semiconductor detectors, which can be made in
large size with a very suitable high energy

resolution. Although, High Pure Germanium is

very costly and must be kept at low temperature, it
is widely used for gamma and x-ray spectroscopy
[1-7]. When this crystal is located in a combined

neutron-gamma field, neutron interactions with Ge

element induce main crystal damages and distort its
energy resolution [8]. Depending on the energy,
neutron interactions with matter may undergo a
variety of nuclear processes. The main interactions
of fast neutrons are elastic scattering and inielast

scattering, but neutron capture is an important
interaction for thermal neutrons [9].

We have calculated neutron energy deposition
on HPGe crystal using MCNP code. We then
evaluated the damage, the atom displacements rate,
of HPGe crystal using a FORTRAN computational
code based on NRT model. It is well known that
the main damages of the crystal are atom
displacements and neutron activation that varied fo
different neutron sources.

2. Material and method
2.1 Theory of atom displacement

A primary recoil atom is produced when an
energetic incident particle such as fast neutron
undergoes a collision with a lattice atom. If the
energy transferred to the primary knock-on atom
(PKA) is large enough, E >>jHwhere E=30eV;
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the average energy for one displacement) [10], the
PKA can continue the knock-on atom processes,
producing secondary recoil atom displacements,
which in turn can displace additional atoms. Such
an event will result in many collision and
displacement events occurring in near proximity of
each other. The multiple displacement sequence of
collision events is commonly referred to as a
collision or displacement cascade [11]. Transferred
energy to a PKA with atomic mass number A,
when occurred and that a neutron of energy E
recoiled, is given by:

4AE

[

T= % AV +V3 + Vv, cosé) =

Where, \{ is velocity of scattering atom after
collision, and y is the center of mass velocity. The
original model for displacement damage, developed
initially for simple metals, is due to Kinchin and
Pease [11], and the standard formulation of it by
Norgett et al. [12], often referred to as the ‘NRT’
model, is:

0 T(E,
v(T) =41 Eq(T(2E4 (2)
08T / 2E, T)2E,

Where, v(T) is the number of displaced atoms
produced by a recoil atom of energy E and damage
energy T, and f is the average threshold
displacement energy for an atom in the crystal
lattice.
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2.2 Calculation of neutron energy deposition
using M CNP code

MCNP4C is a general-purpose Monte Carlo
neutron, photon, and electron transport code. dt ha
continuous-energy physics and is time-dependent.
The geometry is any arbitrary configuration of
three dimensional surfaces. It is used for radmtio
shielding, criticality safety, nuclear design,
aerospace, medical, nonproliferation, radiatioredos
and other applications by several thousand users
worldwide. This code is used to simulate one
neutron at a time and records its history. The
neutron energy deposition in the crystal has been
calculated by tally F6:n for different neutron
sources: mono-energy, Am-Be aAdCf sources
[13].

3. Result and discussion

The Ge crystal is placed at different distancemfro
point neutron sources with constant mono-energy
and continuous energy spectrisuch as Am-Be
and **Cf source. Then, the amount of deposition
energy per gram of crystal was calculated by F6:n
tally of MCNP code. The amount of deposition
energy per gram for different Ge crystal for Am-Be
source as function of distance, per one neutron of
source is illustrated in Fig. 1a. By using thisadit
FORTRAN code [14] that we wrote based on NRT
model, the atom displacements rate for Ge crystals
have been evaluated. These results are shown in
Fig. 1b. As well as, the amount of deposition
energy per gram in2'x2" Ge crystal due to

different mono-energy point sources as function of
distance is illustrated in Fig. 2a, and Fig. 2bveho
the atom displacements rate placed on a point 0.5
MeV neutron source as a function of distance. The
corresponding result for &°Cf source is shown
Fig. 3a, and the atom displacements rate in Fig. 3b
Energy deposition and corresponding atom

displacements rate are decreases mostly%yas
r

we expected.

A comparison of atom displacements rate due to
different sources located in 10 cm far from the
crystal have been illustrated in Fig. 4. It carsben
that the neutron average energy of the source
increases as well as the corresponding damage
growing up.
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Fig. 1. (a) Energy deposition per gram in differ&g

crystal

due to an Am-Be source;

displacements rate.
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after more collision. As well as, atom
displacements increase when the energy of the
source accrues. The amount of deposition energy
per gram of crystal decreases if the distance
between source and crystal get larger. It is bexaus
the reaction surface reduces than reaction volume.
Therefore, by designing of proper shielding for Ge
detectors, we can prevent of radiation damage in
this crystal using in mixed neutron- gamma field.

[14] Microsoft FORTRAN PowerStation

Los Alamos National Laboratory, LA-13709-
M (2000).

4.0
software, Microsoft Company (1994).

Received: 22 October, 2008
Accepted: 26 June, 2009



