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Abstract

A thermal neutron irradiation system has been designed, based on

an 241Am/9Be source with cylindrical polyethylene moderators. The

system has an irradiation cavity, allowing to take advantage of

backscattered neutrons; with a source having a nominal emission rate of

6.4x106·s-1, thermal fluence rates up to 530 cm-2·s-1 are obtained. Using

Monte Carlo techniques (MCNP6 code) three different configurations

were simulated using polyethylene cylinders. Once the geometric

configuration of the system has been optimized, the model has been

replicated experimentally in the neutron measurements hall of the Energy

Engineering Department of Universidad Politécnica de Madrid (UPM),

performing several measurements.

The aim of this work has been the design of the system and its

geometry, maximizing the thermal neutron flux for the intended purpose

of using it for explosives detection applying the PGNAA (Prompt Gamma

Neutron Activation Analysis) method.

Introduction

PGNAA is a non-destructive analysis technique which provides both

qualitative and quantitative information about the studied sample material [1].

The constituent elements of the sample absorb neutrons and the excited nuclei

emit prompt gamma rays when returning to an equilibrium state which are

measured with a gamma ray spectrometer [2]. The energies of the gamma

rays identify the elements, while the peak intensities are proportional to their

concentrations.

Moderator materials are required to reduce neutron energies to the

thermal range. Polyethylene shows an excellent attenuation behaviour,

moderating fast neutrons until they thermalize [3]; it is also a very effective

neutron shielding material. To detect substances by non-intrusive, non-

destructive methods, it is necessary to have low energy neutrons flux above

103 cm-2·s-1. When the source intensity is low, the neutron flux can be

increased by using the backscattered neutrons, through collisions in the walls

of a cavity [4].

Materials and Methods
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Conclusions
The neutron characterization of a new thermal neutron irradiation device was presented; it is

composed of polyethylene moderator cylinders with about 16.5 cm diameter, 9.9 cm thickness and 40

cm height, and a cavity of 6.6 cm diameter x 34 cm height.

The experimental device for irradiation with thermal neutrons developed in the bench of UPM was

used to compare the results obtained with the MCNP6 code. The calculations and results offer similar

values of thermal neutron fluence rates. The simple geometry design makes this device an interesting

tool to characterize elemental composition of several samples by PGNAA.

• An 241Am/9Be neutron source, high-density polyethylene (HDPE) cylinders

of 4 different sizes and a a miniature BF3 neutron detector (NC-202) have

been used to produce, moderate and detect the neutrons (figure 1). The

BF3 detector is practical since the 10B capture cross-section for thermal

neutrons is 3837 barns and the released energy of over 2 MeV is

transferred as kinetic energy to charged particles (α + 7Li) that are fairly

easy to detect [5].

• The experiment was simulated with the MCNP6 code, including the

source`s cladding, its support and the irradiation bench (figure 2), taking

advantage of previous extensive calculations [6]. The total neutron fluence

rate was obtained by using the Monte Carlo spectra multiplied by the

source strength. The neutron spectra produced by a 111 Gbq 241Am/9Be

source were measured at 10, 20, 30, 40 and 50 cm, in order to obtain as

many neutrons as possible. The 3 HDPE cylinders of diameters different

were placed one on top of the others, and a last one was added as

shadow cylinder; the fluxes and the distance were measured from the

source center.

Figure 1, Image of the irradiation bench with 

HDPE cylinders and BF3 neutron detector.
Figure 2. Scheme of the MCNP6 model of the 

irradiation bench with the source and HDPE 

cylinders.

Results

• We have measured the thermal neutron fluence rate at points along the

main axis at distances Z =29, 30, 31, 32, 33, 34, 35, 36, and 37cm, for

each configuration, as indicated in Figure 3. Note that for configuration

4, the fourth cylinder is inside the first one.

• Calculation results are shown in Table 1. Experimental measured values

with the BF3 neutron detector are shown in Table 2. The most efficient is

configuration 3.

• A comparison of calculated versus measured values for configuration 3

is shown in Figure 4. Fluence rates obtained with MCNP6 for E<0.4 eV

are compared against the experimental values at the selected distances

obtaining a good agreement.

Figure 3, Scheme of the configurations of the system showing the HDPE 

cylinders used for each experiment and in the 4 simulations. 

Table 1. Results of MCNP6 calculations for the 4 simulations, values of thermal 

fluence rate (E < 0.4 eV) at the center of different irradiation planes 

Cylinder 1 Uncertainty Cylinder 2 Uncertainty Cylinder 3 Uncertainty
Cylinder 4 

(shadow)
Uncertainty

Distance 

cm
[cm-2. s-1] ± [cm-2. s-1] [cm-2. s-1] ± [cm-2. s-1] [cm-2. s-1] ± [cm-2. s-1] [cm-2. s-1] ± [cm-2. s-1]

29 6.87E+01 2.25E+00 2.42E+02 4.48E+00 5.35E+02 6.63E+00 1.32E+02 1.34E+01

30 5.58E+01 1.66E+00 1.92E+02 3.29E+00 4.22E+02 4.94E+00 9.81E+01 8.30E+00

31 4.63E+01 1.26E+00 1.56E+02 2.46E+00 3.40E+02 3.74E+00 7.68E+01 5.77E+00

32 3.92E+01 1.00E+00 1.29E+02 1.95E+00 2.80E+02 2.88E+00 6.25E+01 4.24E+00

33 3.38E+01 7.70E-01 1.10E+02 1.62E+00 2.36E+02 2.28E+00 5.21E+01 3.28E+00

34 2.96E+01 6.29E-01 9.44E+01 1.21E+00 2.02E+02 1.91E+00 4.44E+01 2.59E+00

35 2.63E+01 5.56E-01 8.25E+01 9.99E-01 1.75E+02 1.53E+00 3.85E+01 2.11E+00

36 2.37E+01 4.41E-01 7.29E+01 8.43E-01 1.53E+02 1.35E+00 3.38E+01 2.02E+00

37 2.15E+01 3.76E-01 6.51E+01 7.29E-01 1.36E+02 1.87E+00 3.01E+01 1.58E+00

Simulation 2 Simulation 3 Simulation 4

Values low energy neutrons (E < 0.4 eV)

Simulation 1

Table 2. Measured values of thermal fluence rate 

(E < 0.4 eV) at nine points along the main axis for 

configuration 3 (measuring time: 600 seconds at each point)

Figure 4. Comparison of calculated vs. 

measured values of thermal fluence rate for 

configuration 3 
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Total fluence rate [cm-2-s-1 ]

Values obtained in the bench 

Thickness HDPE cylinder 9.9cm  

Distance Flux Uncertainty 

cm [cm-2. s-1] ± [cm-2. s-1] 

29 5.14E+02 6.87E+00 

30 4.05E+02 6.09E+00 

31 3.30E+02 5.50E+00 

32 2.73E+02 5.00E+00 

33 2.33E+02 4.62E+00 

34 2.03E+02 4.32E+00 

35 1.85E+02 4.12E+00 

36 1.61E+02 3.85E+00 

37 1.44E+02 3.64E+00 

 


