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Abstract

A moderator device to produce a uniform thermal neutron field has been

designed with Monte Carlo methods using the MCNP6 code. The system is

based on a 241Am/9Be neutron source of 111 GBq activity. The system of

named FANT (Fuente Ampliada de Neutrones Térmicos), has an irradiation

cavity, where the moderation process is effective allowing to obtain thermal

fluence rates from 500 cm-2.s-1 to 1000 cm-2.s-1, taking advantage of scattering of

neutrons with the walls of the chamber. 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 main tasks developed in the work were to evaluate the geometry of

moderator and to select the neutron source position, to optimize the thermal

neutrons flux in the area where the sample to analyze must be placed and

estimate the dose rate. This configuration can be employed hereafter in

detection of trace in substances or materials, through the NAA (Neutron

Activation Analysis) method.

Introduction

The elemental composition is a valuable information used to characterize

materials: The Neutron Activation Analysis (NAA) is an analytical method carried

out with a research nuclear reactor, neutron generators or isotopic neutron

sources [1]. The activation of nuclei depends on the cross section, the thermal

neutron fluence rate, and the irradiation time.

The detection process begin when the neutrons interact with nuclei

producing the activation of several atoms, which return to their ground state

emitting gamma radiation characteristic of the excited state [2]; allowing to

determine the concentration of a suspect element studying both the energy and

the intensity of the gamma radiation emitted [3].

Materials and Methods
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Conclusions

• A neutron moderator device called FANT has been designed using Monte

Carlo methods. It uses a 241Am/9Be neutron source that produces a thermal

neutron field. The neutron spectrum is thermalized, with a fractional thermal

component increasing about 70%, depending on the irradiation plane.

• The H*(10) rate in function of the distance is shown at the nearest point to

the source; the values were evaluated with the high-density polyethylene.

The dose rate of FANT at 1 m is less than 10 µSv/h.

• This experimental characterization was performed using:

1) Golds activation foils determining the thermal neutron fluence value

2) A Bonner Sphere spectrometer to determine the neutron spectrum

• The figure 5 shows that the irradiation field is thermal and the figure 4

indicate the homogeneity of the thermal neutron flux in the irradiation

chamber.

• The design FANT is able to increase the thermal neutrons flux from the
241Am/9Be source.

• FANT is a parallelepiped of long 90 cm x high 70 cm, the irradiation volume is a

cylindrical chamber of diameter 32 cm x long 70 cm, a 241Am/9Be neutron

source inside chamber and a 3”x3” NaI(Tl) detector (figure 1).

• Neutron fluence rates, inside and outside irradiation volume, were estimated

using the tally f5. In the calculations, 108 histories were used having

uncertainties less than 5%. Also, the ENDF/B-VII cross section library was

used.

• For the simulation of low-energy neutrons transport in polyethylene the S(α,β)

treatment was included [4].

• The fluence rates estimated by Monte Carlo were multiplied times de actual

neutron source strength (5.83 ± 0.14)E+06 s-1 [5].

Figure 1, Isometry of FANT through MCNP6 code 

Results

• Thermal neutron fluence rates were estimated along the FANT radius, the

largest thermal neutron flux was 1000 cm-2-s-1 being homogenous along.

• The dose values around to 1 meter of distance are shown in the table 1,

indicating the place according to the point of the device displayed in the figure

2.

• The dose spectra around FANT device is represented in figure 3, showing the

map of ambient dose equivalent rate H*(10) in µSv/h, the largest doses are

reached at 50 cm and are reduced as the distance from the neutron source.

• Figure 4 shows the energy distribution of neutron fluence along the main

plane of irradiaiton, considering twelve different distances from the source.

• Figure 5 shows a comparison of the BUNKIUT, NSDann Ver.4.0 and MCNP6

codes to obtain spectrum inside irradiation chamber.

Table 1. Dose values to FANT facility, at 1 

meter of distance of facility 

Figure 3, Total ambient dose equivalent distribution 

around FANT, sectional view by the (X;0;Z) plane

Figure 2, Scheme of FANT, views X and Y

Figure 4, Energy distribution of neutron fluence 

along the main axis of the irradiation chamber 
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Figure 5, Measured and calculated spectra 

(lethargy) with the Bonner spheres inside FANT 

chamber

Site Distance cm µSv/h
uncertainty 

(±) µSv/h

0 52.6 0.0765

100 3.01 0.0133

0 72.7 0.0926

100 3.39 0.0096

0 2.65 0.2306

100 0.471 0.0237

0 61.6 0.0737

100 3.48 0.0095
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