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Usual way to produce very stable thermal neutron fields 
for testing and calibrating neutron sensitive devices: 
 

Embedding one ore more radionuclide fast neutron 
sources in large moderating blocks (polyethylene, 
graphite). 

 

1 of 4  - State of art 

with a source that is usually used at PTB for reference
irradiations and whose source strength is traceable to
the NPL fluence standard(4). A total neutron source
strength of (5.96+0.14).107 s21, valid for the
reference date 1 January 2012, was obtained.

RESULTS OF MONTE CARLO
CALCULATIONS

Monte Carlo calculations were performed using the
code PHITS(1,2). All materials and the geometry of
the set-up were taken into account as shown in
Figure 2. For the graphite moderator, a density of 1.7
g cm23 was used, as stated by the supplier and as
cross-checked by weighing. The boron content in the
graphite material was assumed to be 1 ppm. The
neutron cross sections were chiefly taken from
ENDF66A. Special S(a,b) data libraries, taken from
ENDF6.3 and valid for a temperature of 294 K, were
used for graphite and polyethylene.

A complex source was set up, taking into account
the positions of all sources and their relative

contributions according to the different source
strengths. The neutron source spectra were taken from
ISO 8529-1(5). The source particles were assumed to
start from the surface of a sphere of 4 cm in diameter
surrounding each source, with a normal line direction
starting from the centre. The small anisotropy of the
sources (!1.4 %)(4) can be neglected since no influ-
ence on the results is expected due to the high moder-
ation of neutrons inside the graphite block.

The neutron fluence at the reference position was
scored with its spectral information using neutrons
crossing a circular area, 10 cm in diameter, i.e.
without any phantom at the reference position. All
calculations were performed both with and without
the cadmium plate.

The neutron fluence values, as obtained per emitted
source neutron, were multiplied by the total source
strength given earlier. The spectrum without
cadmium plate shows high thermalisation (see the
grey line in Figure 3). About 98.9 % of the neutron
fluence is due to neutrons with an energy of ,0.5 eV,
which is roughly the cadmium threshold. Only !1.1
% of the neutron fluence is due to fast neutrons, but
this corresponds to a contribution in terms of
ambient dose equivalent H*(10) of !14 % and
should be avoided by using a cadmium difference
measurement. The spectrum with cadmium plate (see
the black line in Figure 3) is similar to that without
cadmium plate for intermediate and high-energy
neutrons and shows only a small contribution from
scattered neutrons in the thermal energy region.

Figures 4 and 5 show the neutron fluence in the pre-
viously defined 10 cm diameter circular area as a
function of angle of incidence as calculated without
and with the cadmium plate, respectively. The
thermal fluence (with an energy of ,0.5 eV) is small
in the interval (08–108) (see Figure 4) due to the small
solid angle. It increases at higher angles according to
the increasing solid angles and reaches the maximum
in the angular interval (208–408) and then decreases
due to the thermal neutron shielding of the set-up.
With the cadmium plate, the thermal neutron fluence

Figure 1. Set-up of the PTB thermal neutron irradiation
facility. In front of the moderator exit window, a water

phantom is shown at the reference position.

Figure 2. Schematic diagram (horizontal cut) of the PTB
thermal neutron facility.

Figure 3. Monte Carlo simulation of the neutron energy
spectrum (grey and black lines) and the two-component

model (points, see text).

THERMAL NEUTRON CALIBRATION FACILITY
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PTB (Braunschweig, Germany)  
 
-  4 m3 graphite assembly 
-  Thermal fraction 99%  
-  Homogeneity figure 10% in a 20 cm x 20 

cm area  
-  Useful flux 80 cm-2s-1  

-  FOM = 6E+7 n/s / 80 cm-2s-1 ≈ 7E+5  cm2 



RAIN15 – Radiazione per l’innovazione 2015  

SIGMA (IRSN Cadarache) – decommissioned 
 

-  3.3 m3 graphite assembly 
-  Thermal fraction 88%  
-  6 neutron sources with total emission 2E+8 n/s 
-  Useful flux 1500 cm-2s-1 at 50 cm from facility wall. 

-  FOM = 1.3E+5  cm2 

ENEA Bologna – decommissioned 
 

-  1m3 HDPE assembly 
-  Thermal fraction 60%  
-  6 neutron sources with total emission 2E+8 n/ 
-  Useful flux 500 cm-2s-1, homogeneity 10% on 20 cm diam. 

-  FOM = 7E+4  cm2 

1 of 4  - State of art 
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A multiple scattering cavity 

2 of 4  - Break with tradition 

Irradiation cavity (6) 
45 cm × 45 cm × 63 cm  
 
(1) HDPE 
(2) shadow sphere; 
(3) neutron source;  
(4) lead plate;  
(5) cover. 
 
Irradiation planes: +5, 
+15, +30 …. (cm from 
bottom) 
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3 of 4  - Computational 

Monte Carlo simulations (MCNPX) 
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Slope -1% cm-1 
 
 
 

 
 
Plane (+15): 800 cm-2s-1, FOM 6000 
Plane(+60): 550 cm-2s-1, FOM 9000  

3 of 4  - Computational 
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Uniformity area (Φ ≥ 97% Φmax) 
+5, +15, +30 cm planes:  22 cm radius 
+ 60 cm plane:   15 cm radius 

3 of 4  - Computational 
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Practical facilities developed on ETHERNES 
design 
 

1.    ETHERNES. INFN-LNF, parallelepiped cavity 
 63x45x45,  
 Φth 550-800 cm-2s-1 

 (attualmente in trasloco) 

 
2.    ESTHER. Politecnico di Milano (Prof. Pola), 

 cylindrical cavity diam. 30 x h 60 cm,  
 Φth  ≈ 500 cm-2s-1 

3.  HOTNES. ENEA Frascati,cylindrical  cavity diam. 
 30 x h 60 cm,  
 Φth  ≈ 700-1000 cm-2s-1 4 of 4  - Experimental 
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4 of 4  - Experimental 

ETHERNES 
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Conclusions 
 
1.  ETHERNES design al lows extended, 

homogeneous fields with attractive FOM 
value. 

2.  Possibility of different designs. 

3.  Preliminary experiments fully confirmed 
performance. 

4.  A range of ETHERNES-like facilities are 
becoming available. 


