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Abstract : Response functions of a 3x3 in. Nal detector, which is mainly used in PGNAA
applications, have been calculated by using MCNP-4C code. Calculated results are compared
with measured data by using standard -ray sources to check their accuracy. -rays from
radi oi sotope sources were used in the range from 0.081 to 4.438 MeV for this determination.
Through the precise modeling of the detector structure, the agreement between both results

has been improved.
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Introduction :

Up to now, many experiments and
theoreticd andyses have been doneto maich
smulation results and experiment responses
obtained by Nal (TI) detectors[1-7]. Also,
the important feature of nonlinearity of
Nal(Tl) detectors for PGNAA (Prompt
Gamma Neutron Activation Analysis)
goplicationswas investigated with great detail
by Gardner [8].

Nal detectorsare il used frequently in
industrial PGNAA applications. They have
the advantages that are efficient for high-
energy - rays, they arerugged, and they can
be used without cooling.

In the present paper Response functions
of a3x3in. Nal scintillation detector were
edtimated usng Monte Carlo smulationswith
the MCNP code [9]. A new approach was
used and the accuracy of the calculated
responses was verified for some spectra
through comparison with experiment.

Experimental Approach :
Experimentd setup whichisused inthis
study is to take y -ray spectrum from

standard y - ray sources. The experimental
method for y - rays from radioisotope
sources doesn't need a complex setup. To
obtain relatively good spectra, the Nal
detector is located 15 cm from the y -ray
sourcein a"low scatter - low background"
room, 80 x 80 x 80 cm, whose walls are
10 cmthick. Theinner sdesof thewalsare
lined with 0.03 in. Cd sheet and 0.015 in.
Cu sheet in that order.

When using Nal detectors, and
consequently photomultiplier tubes (PMTs),
the quality of the data can drastically
deteriorate through spectral smearing dueto
temperature and/or counting rate changes.
While counting rate changes directly affect
the gain of the PMT, temperature changes
affect the whole detection system, including
amplifiersand high-voltage supplies[10]. So
the long-term stability of the detection system
isessentia to maintaining the high quality of
the experimental datathat is obtained [11]
especialy in the PGNAA method.
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Detector Specification and Monte
Carlo Smulation :

The Nal (TI) detector used to obtain dl
spectrain thiswork is contained in athin
walled aluminum can (0.005 in. wall
thickness) to reduce absorption of low energy
photons and to prevent excessive Compton
scattering from the packaging materid. The
optical reflector isa0.005 in. thick sprayed
coding of o -dumina Thecrysd ismounted
directly on the face of an RCA 8054 dectron
multiplier, optically coupled with silicon
grease (Dow QC-2-0057), and the entire
assembly evacuated. The radioisotope-based
PGNAA setup and the standard y -ray
spectroscopy setup were modeled with great
detaill in Monte Carlo simulations. The
detector structure was modeled as precisaly
as possible, except details of
photomultipliers.

The initial responses of the MCNP
calculation (pulse height tally, F8) were
broadened with the GEB option [9-Chapter
3, page 105]. Gaussian Energy Broadening
(GEB) isaspecial treatment for tallies, to
better smulate aphysicd radiation detector
in which energy peaks exhibit Gaussian
energy broadening. GEB iscaled by entering
FTn card in the input file of MCNP. The
talied energy is broadened by sampling from
the Gaussan:

f(E)y=Ce " *
where,
E = thebroadened energy;
E, = theunbroadened energy of the
tdly;
C = anormdization constant and
A = theGaussanwidth.

the Gaussan width [12] isrelated to the

Full Width at Half Maximum (FWHM) by :
A FWHM
2vIn2

the desired FWHM that is specified by
the user-provided constants, a, b, and c,
shows anonlinear response:

FWHM = a+ by E +cE?

where E istheincident y-ray energy.

The FWHM isdefined as

FWHM = 2(Eqym — Eo)
Eqvnm iSsuch that:

where

f (Erusne) = (E)

andf (Ep)isthe maximum vaueof f (E).

Fifteen standard y -ray sourcesin the
range from 0.081 MeV to 4.438 MeV, Table
1, were used to determine a, b, and c as
parameters specify the Full Width at Half
Maximum in the GEB option. A program
based on |east-square gpproach was gpplied
to calculate the amount of a, b, and ¢ based
on the presented FWHM formula and
experimental FWHM and resolutions listed
in Table 1. According to thiswork the author
uses the following parametersin the GEB
option to generate detector responses,
Figures1, 2.

0=-0.00789 MeV; b=0.06769 MeV?;
c=0.21159 MeVL.

Results and Discussion :

For standard y -ray sources, the
directiond response functions were measured
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Table 1 and compared with the smulated results. By

. . making the detector more precise step by
Nuclide E (MeV) Resolution (%) step agood agreement (relative deviation less
166 0.081 16.19 than 3%) has reeched up in the whole energy
77 0.113 135 range. Figure 1 shows agood agreement in
153 ' : the energy range of two photoel ectric peaks

Te 0.159 11.5 and Compton edge for the ©Co gamma-ray
Ly 0.208 10.9 spectrum. While the discrepancy in the lower
203Hq 0.279 10.14 energy region would be mainly dueto the
51 5 contribution of gamma-rays scattered from
18? 0.320 9.89 the experimental Photomultiplier.

Au 0.411 9.21 A bare 2!Am-Be neutron source with
‘Be 0.478 8.62 y -ray component (4.438 MeV [13]) by
137Cs 0.661 7.7 itself was one of the fifteen standards y-ray
54Mn 0.835 726 SOurces. Figure_2 shows three peaks, full
207g; 1067 6.56 energy peak, Si nglg escape and double

: : : escape, of the experimental 2*!Am-Be y -
85Zn 1.114 6.29 ray spectrum which are completely matched
2Na 1.277 6.07 with the smulated result. Between standard
88 gamma sources spectraacquisition just this

Y 1.850 545 spectrum was acquired in afree gpace where
Am-Be 4.438 4.28
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Fig.1. Comparison between simulation and experimental gamma-ray spectrum of
the °Co point sour ce.
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Fig.2. Comparison between simulation and experimental gamma-ray spectrum of
the 2! Am-Be neutron sour ce (capsule format X.14).

the 2*!Am-Be and Nal detector were
completely far from any interfering materia
to prevent excessive Compton scattering or
prompt gamma-rays due to (n, )
interactions. The source was located 3 m
above the ground level and 1m from the
center of the detector.

In order to ssimulate the total response
of a"bare" 2Am-Be neutron source dueto
y-ray component of the 2*Am-Be (4.438
MeV) and those prompt gamma-rays that
are generated by the neutron interaction with
the source capsule and detector, two
separate input files were used and the final
result is the summation of these two part.
Oneisto track gammarraysin the detector
volume which originate from the source
position and the other is to track prompt
gammarays arising the neutron interaction by
the capsule and detector materials.

Conclusion :

This work has presented a way to
simulate the response functions of Nal (T1)
by using GEB as a special treatment for
talliesin MCNP-4C.

Results show that MCNP simulations
by using GEB, fit al the Gaussian peaks
arising from slandard gamma-ray sourcesin
awide range of energy from 0.81 to 4.438
MeV, typicaly 89Co spectrum and 2**Am-
Be spectrum were shown. Also these
coefficients a, b and ¢ as described in
Section 3, can be used by GEB option to
generate valid elemental library spectrafor
PGNAA analysis. Note that GEB
parameters are different for each
configuration of experimenta setup.

We have cd culated nonlinear response
function of aNal Scintillation Detector By
using the MCNP code and checked their
accuracy by comparing with the measured
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responses for standard y-ray sources. The
comparison results have shown that in the
80Co spectrum the cal cul ated response agree
with the measured one, less than +3%
relative deviation (corresponding to o).
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