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Abstract. SGRD (Spectroscopy, Gamma rays, Rapid, Deterministic) code is used for fast calculation of the 
gamma ray spectrum produced by a spherical shielded source and measured by a detector. The photon 
source lines originate from the radioactive decay of the unstable isotopes. The emission rate and spectrum 
of these primary sources are calculated using the DARWIN code. The leakage spectrum is separated in two 
parts, the uncollided component is transported by ray-tracing and the scattered component is calculated 
using a multigroup discrete ordinates method. The pulsed height spectrum is then simulated by folding the 
leakage spectrum with the detector response functions which are pre-calculated using MCNP5 code for each 
considered detector type. An application to the simulation of the gamma spectrum produced by a natural 
uranium ball coated with plexiglass and measured using a NaI detector is presented. 

1 Introduction 
Real time applications require fast and accurate 
calculation of the detected gamma-ray spectra produced 
by shielded sources. For this purpose the SGRD 
(Spectroscopy, Gamma rays, Rapid, Deterministic) code 
[1] that was used to calculate the leakage spectra of one-
dimensional spherical assemblies has been updated in 
order to take into account the response function of 
various types of detectors. 

In the following we recall the methods used in SGRD 
to calculate the leakage spectra, then we describe the 
pre-calculation of detector response functions (DRF) 
using Monte Carlo code MCNP5 [3] simulations and 
finally we show some numerical results concerning the 
simulation of a natural uranium ball coated with 
plexiglass and measured using a NaI detector. 

2 Gamma-Ray Spectra 

The gamma-ray spectrum simulation is the result of 
successive steps. The first step is the computation of the 
primary gamma source emission rate and spectrum. The 
second step is the photon transport through the shielding 
materials up to the external surface of the detector in 
order to derive the leakage spectrum. The third step is 
the photon transport into the detector in order to evaluate 
the distribution of the photon energy deposited inside the 
detector's sensitive volume. 

When the source can be modeled as one-dimensional 
spherical shells, the second step can be handled very 
effectively using deterministic solvers [1,4]. The first 
and third steps can be solved using pre-calculated 
sources and DRF. 

The SGRD input/output flow diagram for gamma 
spectra simulation is presented in figure 1.  

 

 
 

Fig. 1. SGRD input/outplut flow diagram for gamma spectra 
calculation.  

 

2.1 Primary source 

The primary photon source has several components, the 
gamma lines due to the radioactive decay of unstable 
isotopes, the gamma resulting from spontaneous fission, 
the bremsstrahlung radiation produced by charged 
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particles slowing down and the neutron induced gamma 
production. 

The radioactive decay source line spectrum and 
emission rate are pre-calculated using DARWIN code 
[2]. The treatment with SGRD of the other components 
of the primary source terms are under study. 

2.2 Leakage spectra 

The leakage L is the number of particles leaving the 
external surface of the source per unit time and solid 
angle. Considering a spherical source with an external 
radius R and an angular flux ψ(r,μ) we have: 
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The angular flux is solution of the transport 
equation. It has a discrete part due to the uncollided 
transport of gamma lines and a continuous part due to 
the scattering. The discrete component is calculated 
using a ray-tracing transport solver. The continuous 
component is transported using a multigroup discrete 
ordinates (SN) solver.  

The flux computation is performed using three 
transport calculations. 

The first step is the uncollided transport of each 
source line using a ray-tracing algorithm (cf.figure 2). 
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Fig. 2. 1-D spherical ray-tracing. The  γ source is in the shaded 
shell. 

The second step is the total multigroup SN transport 
taking into account the scattering term. The multigroup 
source is obtained by condensing the gamma lines into 
groups (cf. figure 3).
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Fig. 3. Gamma source lines (blue) are condensed into groups 
(red) for multigroup SN calculations. 

The third step is the uncollided multigroup SN
transport of the multigroup source. 
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 The scattered component is given by subtracting the 
uncollided multigroup flux to the total multigroup flux  
as shown in figure 4. 
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Fig. 4. Multigroup SN leakage spectra for both uncollided 
component in blue and scattered background in red. 

Finally, the total leakage spectrum is the 
superposition of the discrete uncollided and multigroup 
scattered components on a very fine multigroup grid (cf. 
figure 5). 

    
 

DOI: 10.1051/, 01004 (2017) 715301EPJ Web of Conferences 53 epjconf/201 1004
ICRS-13 & RPSD-2016

2



Fig. 5. Discrete uncollided lines with multigroup scattered 
background. 

2.3 Detector response Function 

The DRF is used to convert the leakage spectrum into a 
pulse height spectrum using equation (6) assuming that 
the pulse height and leakage spectra have the same 
energy discretization into n channels. 

Notations 

Δt   : Duration of the measurement. 
ΔΩ : Solid angle of the detector viewed from the center 

of the source. 
Lj  : Leakage spectrum = Number of gamma particles 

leaving the source with energy in channel j per 
unit time and solid angle. 

Ni   : Pulse height spectrum = Number of counts in 
channel i. 

Rij   : Detector response matrix = Number of counts in 
channel i due to one gamma entering the detector 
with energy in channel j. 
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The response matrix is obtained by using Monte Carlo 
simulations of the energy deposition within the detector 
using the same methodology as in [5]. 
The experimental spectra have a Gaussian distribution 
shape for the photons energy lines. We take this effect 
into account by modifying the MCNP5 simulations 
results, we use a fitting technique to approximate the 
resolution of the detector which is an experimentally 
measured data. 
With MCNP5, we use a “FT8 Gaussian Energy 
Broadening” card so we can simulate the full width at 
half maximum (FWHM) around the peak. 
An example of NaI detector response functions 
calculated with MCNP5 are presented in figure 7.  

3 Application to Scintillation NaI 
Detector 
As an example we present the simulation of a pulse 
height spectra obtained with a scintillation sodium iodide 
detector and a spherical source made of  a natural 
uranium ball surrounded by a plexiglass shell as shown 
in figure 6. 

Fig. 6. Detector and source geometry. 

The example geometry is detailed in table 1. The 
distance between the center of the source and the 
detector is 10 cm.  

Table 1. Example specification. 

Materials 
SOURCE DETECTOR 

Natural 
uranium Plexiglass NaI Aluminum 

Density 
(g/cm3) 18.9 1.2 3.7 2.7 

Dim. 
(cm) R=0.5017 R=1.0 R=1.0 

H=3.0 
Thickness 

0.2cm 

The results shown in this paper are given for guidance. 

The leakage spectra for the gamma particles leaving the 
source is calculated using SGRD. As shown in figure 7
there is a good agreement with a corresponding MCNP5 
calculation.  

Fig. 7. Source leakage spectra calculated using MCNP5 and 
SGRD. 

The pulse height spectrum is obtained by folding the 
SGRD leakage spectrum with the pre-calculated MCNP5 
DRF. They are obtained using MCNP5 pulse height tally 
and Gaussian broadening to take into account the 
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detector resolution. 
A non-linear function was applied to estimate the values 
of the triplet (a, b, c) used to fit the FWHM in function 
of the photon energy. 
Let 2

cEEbaFWHM ++= (E = incident gamma rays 
energy in MeV, (a, b, c) : constants from a fitting or 
from a system of a few equations). 
The triplet used was : (a, b, c) = (-0.002, 0.05, 2.86). 
A set of response functions is presented in figure 8 for 
different incident energy of the gamma particles entering 
the NaI detector. The DRF which are between two 
calculated ones are interpolated. 

Fig. 8. Scintillation NaI detector response functions 

For verification purpose the same calculation was 
performed using MCNP5 only. Both spectra are 
presented in figure 9. They show a very good agreement 
although the SGRD calculation is much faster and less 
prone to statistical artifacts. The typical computer time 
for SGRD is of several seconds compared to one hour or 
more for a classical Monte Carlo calculation. 

Fig. 9. Pulse height spectra calculated using MCNP5 and 
SGRD.

4 Conclusion 
SGRD code which is used for fast calculation of 
uncollided and total leakage spectrum out of spherical 
shielded sources has been updated in order to simulate 

the detector pulse height spectra. For this purpose the 
detector response function calculated using MCNP5 is 
folded with the leakage spectrum. The methodology is 
illustrated on a test problem with a gamma source and a 
scintillation NaI detector. The results are in good 
agreement with a full Monte Carlo calculation. 

Future developments will include the extension of 
the source term with neutron induced gamma rays and 
electron bremsstrahlung radiation. 
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