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Abstract 

Neutron and gamma beams characterization at the beam ports of TRIGA 2000 reactor was done in order to prepare the 

development of Prompt Gamma Neutron Activation Analysis (PGNAA) facility. Characterization was performed by 

simulation using Monte Carlo method with MCNPX and PHITS computer codes. The MCNPX code is used to simulate 

the neutron-gamma fluence and spectra of the reactor core from fission reactions. The PHITS code is used to simulate 

the distribution of the neutron-gamma fluence in the beam ports. The simulation was done by modeling the geometry 

and elemental composition of reactor material and radiation source model in the form of fission reaction in the reactor 

core. This results will be used to select the most suitable one of the four beam ports for the PGNAA use, based on the 

prescribed requirements, such as the neutron spectral characteristics and neutron-gamma fluence ratio at the beam port’s 

outlet. The results indicate that the tangential beam port provides better characteristics of neutron spectrum and neutron-

gamma fluence ratio so become most suitable for PGNAA facility.   
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INTRODUCTION 
 

The PGNAA technique or also called gamma 

activation analysis (PGAA) is a technique for 

analyzing elements based on gamma rays emitted 

directly from a sample due to interactions with 

neutrons. In its application this technique requires a 

source of neutrons in the form of radioactive sources 

and neutron generators. One source of neutrons that 

can be used is a nuclear reactor. The large neutron 

flux from a nuclear reactor allows it to be used for 

PGNAA. 

Some of TRIGA type reactors have been used 

for PGAA facilities utilizing beam ports, such as 

TRIGA III reactors in Mexico with a neutron flux of 

7 x 107 n/cm2s and a dose of 0.1 Sv / j gamma [1]. 

There were also those who designed additional 

beam ports by passing them to primary cooling 

water as in Brazil [2]. To be able to use the reactor 

beam beam as a neutron source for PGNAA, it is 

necessary to do flux characterization and neutron 

spectrum and gamma output beam port [3][4].  
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Determination of the neutron-gamma spectrum 

by simulation was done using a computer program 

based on the Monte Carlo method. The Monte Carlo 

method is a numerical statistical method that 

simulates random numbers to solve to solve 

problems that are difficult to solve using analytical 

methods. The computer program based on the 

Monte Carlo method used to simulate neutron-

gamma in the reactor beam port is MCNPX and 

PHITS. The MCNPX computer program is a Monte 

Carlo-based computer software that was applied to 

calculate the transport of neutron particles, photons, 

and criticality, etc. [5]. The PHITS code is a 

computer program based on Monte Carlo method 

developed by Japan Atomic Energy Agency (JAEA) 

which has the ability to simulate the journey of 

neutron particles, photons, etc. with a wide range of 

energy [6].  

In order to utilize the TRIGA 2000 reactor, 

BATAN has plans to build PGNAA facilities by 

utilizing the neutron beam output from the beam 

port. This simulation results will be used to select 

the most suitable one of the four beam ports for the 

PGNAA use, based on the prescribed requirements, 
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such as the neutron spectral characteristics and 

neutron-gamma fluence ratio at the beam port’s 

outlet. How to characterize neutron and gamma 

beams and also the energy spectrum in the beam 

ports using MCNPX and PHITS then will be 

described in this paper.   

 

METHODS 
 

Flux and neutron-gamma spectrum simulations 

at tangential beam port of the TRIGA 2000 reactor 

was done using Monte Carlo method with MCNPX 

and PHITS computer codes. The MCNPX program 

was used to determine the flux and neutron-gamma 

spectrum resulting from fission reactions on the 

reactor core. The neutron and gamma spectra on the 

reactor core were used as radiation sources for 

PHITS inputs. The PHITS code was used to 

simulate the flux distribution and neutron-gamma 

spectrum in the beam ports. 

    

Neutron-Gamma TRIGA core 

The first stage is the flux simulation and 

neutron-gamma spectrum on the reactor core using 

the MCNPX code. This MCNPX code was used 

because it has been tested for its ability in reactor 

criticality calculations supported by complete 

neutron interaction cross-sections data [7][8]. To 

run the MCNPX code requires inputs; reactor 

geometry, reactor material composition, radiation 

source model, and tally flux. TRIGA 2000 reactor 

has a complex geometry so it is quite difficult in 

modeling. The model of reactor geometry is 

covering the reactor core, reflector, and cooling 

water as shown in Fig. 1. The shape and size of the 

reactor part was made by a geometry model in the 

MCNPX input. Material data and cross section of 

each reactor component are also made for MCNPX 

input. The materials used are water, aluminum, SS 

304, boron carbide, UZr-H fuel elements, 

zirconium, and graphite. 

The next MCNPX input is a radiation source 

model. Radiation in a nuclear reactor comes from 

the fission reaction of a 235U fuel with thermal 

neutrons. In each fission reaction, a 235U nucleus 

produced 180 MeV of energy so that for a TRIGA 

2000 reactor operating at 2 MW, there were 7 x 1016 

fission reactions per second. Each fission reaction 

will produce an average of 2.4 neutrons, so in the 

reactor core there is 1.68 x 1017 n/s. Flux modeling 

was done to get the MCNPX output in the form of 

flux values on the reactor core. In this modeling 

several types of tally were used including tally 

energy (E4), tally flux for neutrons, F4: n and for 

photons, (F4: p). Tally E4 is the energy bin that is 

determined to display the value of flux in a certain 

energy range. With the tallies, MCNPX will give 

output in the form of neutron and gamma energy 

spectrum [5].  

 

Neutron-Gamma at the Beam Ports 

The second stage is simulation for flux and 

neutron-gamma spectrum in the beam ports using 

PHITS code. The PHITS input consists of reactor 

geometry, beam ports, and material data. Some of 

the materials used in the input include graphite, 

aluminum, SS 304, concrete, and air. The radiation 

source that was modeled is a cylindrical surface 

(reactor core) with a diameter of 25.88 cm and a 

height of 60 cm. Flux value and energy source of 

the radiation source were taken from the MCNPX 

simulation results. 

 

 
 

Figure 1. Beam ports of TRIGA 2000 reactor 

 

In this second simulation, the TRIGA 2000 

reactor core became a neutron-gamma source. So 

that the reactor core geometry was converted into 

cylinders with no material. To get PHITS output in 

the form of neutron-gamma flux distribution in the 

beam port and spectrum at the end of the beam port, 

tally and t-cross tally are used. Tally t-track will 

produce a neutron-gamma flux distribution in the 

beam port according to the specified grid, while t-

cross produces an energy distribution in the object 

(detector) at the end of the beam port. 

 

 

RESULTS AND DISCUSSION 
 

Flux distribution and neutron-gamma energy 

spectrum have been simulated using MCNPX. The 

MCNPX program is run on a computer with an Intel 

Core i5- 2.3 GHz processor, 4GB RAM, and 

Windows 8.1 operating system. In the simulation 

used data on neutron latitude from ENDF-VI.2, 

gamma production using NJOY, and atomic photo 

interaction using ENDF/B-VI. With these computer 

specifications, it takes 100 minutes of simulation 
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time for KCODE with 100000 initial neutrons, 250 

effective cycles and 50 ineffective cycles has been 

used for the parameter calculations. 

Neutron and gamma flux values vary according 

to position on the reactor core. The more the 

position to the center, the greater the flux. The 

distribution of neutron flux in the reactor core 

ranges from 1013 - 1014 cm-2.s-1. The neutron energy 

spectrum was dominated by thermal neutrons with 

energies below 0.5 eV. The gamma energy spectrum 

was dominated by high energy gamma which is 1 - 

10 MeV. The neutron flux at the position of the 

reactor core wall is 1012 cm-2.s-1. The distribution of 

neutron and gamma fluxes along with their energy 

spectrum are then used as new source definitions in 

simulating flux distribution and neutron-gamma 

energy in tangential port beams using the PHITS 

code.  

 

 

Figure 2. Neutron-gamma spectrums in the TRIGA 2000 

reactor core 

 

The PHITS code was used to simulate the 

passage of neutron and gamma particles from the 

reactor core to the end of beam ports. The reactor 

core produces neutrons and gamma which are 

radiated isotropically. Most neutrons and gamma 

were absorbed and reflected by graphite reflector 

walls. In Fig. 3 shows the neutron flux distribution 

at the end of the beam ports, and Fig. 4 shows the 

gamma flux distribution. 

Neutron flux at the end of the beam port 1 and 

4 is about 108 cm-2.s-1, while beam port 2 and 3 is 

about 107 cm-2.s-1. Gamma flux at the end of the 

beam port 1 is about 106 cm-2.s-1, while the beamport 

2, 3, and 4 about 5 x 106 cm-2.s-1. The diameter of 

the field at the end of the beam port is 20 cm, and at 

a distance of 1 m from the end of the beam port the 

diameter of the beam is 40 cm. the flux value varies 

with the highest flux in the center of the field. To 

get a large flux, it can be done by placing an 

additional cone-shaped collimator with material that 

has the characteristics of reflecting neutrons. 

 

 

 
 

Figure 3. Neutron flux at the beam ports 

 

 

 
 

Figure 4. Gamma flux at the beam ports 

 

The results of the PHITS simulation to 

determine the neutron and gamma energy spectrum 

at the end of the beam ports was shown in Fig. 3 and 

4. The neutron ratio of thermal-fast neutrons at the 

end of the beam port 1 is 7.6 (Fig. 5), beam port 2 is 

21 (Fig. 6), beam port 3 is 14.4 (Fig. 7), and beam 

port 4 is 3.3 (Fig. 8). Gamma flux ratio with 

neutrons at the end of the beam port 1 is 2.9 (Fig. 5), 

beam port 2 is 2.0 (Fig. 6), beam port 3 is 2.2 (Fig. 

7), and beam port 4 is 1.5 (Fig. 8). The largest fast-

thermal neutron ratio is generated from the second 

radial beam port, which is 21. However, this beam 

port also produces a large gamma-neutron ratio of 

0.5. The lowest gamma-neutron ratio is generated 

from the first radial port beam which is 0.34. But 

this beam port produces a low thermal neutron ratio, 

which is also low, which is 7.6.  
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Figure 5. Neutron-gamma spectra at beam port 1 

 

 

 
 

Figure 6. Neutron-gamma spectra at beam port 2 

 

 

 
 

Figure 7. Neutron-gamma spectra at beam port 3 

 

 

 
 

Figure 8. Neutron-gamma spectra at beam port 4 

 

The use of TRIGA reactor beam ports for 

PGNAA facilities can be done by considering 

several things, including high neutron flux, high 

thermal-fast neutron ratio, and low gamma flux. 

Tangential beam port (beam port 3) were the most 

ideal for use as PGNAA facilities. The choice of 

beam port with high thermal neutron flux will be 

advantageous because the sample irradiation time 

will be shorter. The selection of the beam ports with 

low gamma flux will be beneficial, ie the 

background gamma radiation will be low. So it 

doesn't need a thick gamma shield design. 

 

 

CONCLUSION 
 

The MCNPX program has been used well to 

model the flux and neutron-gamma spectrum on the 

TRIGA 2000 reactor core. At power of 2 MW the 

neutron flux on the reactor core is 1013 - 1014 cm-2.s-1 

which is dominated by thermal neutrons (> 5 x 10-7 

MeV) and gamma energy 1-10 MeV. The PHITS 

program has been used well to model the flux and 

neutron-gamma spectrum at the tangential beam 

port of TRIGA 2000 reactor. At power of 2 MW the 

neutron flux at the end of the tangential port beam is 

107 cm-2.s-1. The selection of beam ports for 

PGNAA facilities with the criteria of high thermal-

fast neutron and low gamma-neutron ratio, the 

tangential port beam be the best choice. 
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