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W I T H  A N  N E - 2 1 3  S P E C T R O M E T E R  
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The neutron energy spectra of the following sources were measured using a fast-neutron spectrometer with NE-213 liquid 
scip.tillator: 252 Cf, Am-Be and T(d, n)4 He from a Van de Graaff accelerator (400 keV). The measured proton recoil pulse-height data 
were unfolded using the FANTI code to obtain the neutron energy spectrum. The spectrometer gives neutron spectra in the range of 
2-16 MeV, with 6% intrinsic efficiency and a resolution between 4% and 11%. The 252Cf neutron energy spectrum was measured and 
tile results obtained showed good agreement with the spectrum usually published in the literature, which can be fitted by the 
expression N(E) = ~/E exp(-  E / T )  with the constant 7"= 1.42 MeV. 

1. Introduction 

For  many  exper imental  invest igat ions in the field of 
dosimetry,  metrological  ins t rumenta t ion ,  nuclear  reac- 
tor research and  high-power accelerators it is necesssary 
to measure  the energy spectra  of neutrons .  At  
I P E N / C N E N - S P  we have developed a fas t -neut ron 
spectrometr ic  technique using NE-213 liquid scinti l lator 
for measur ing the spectra of available neu t ron  sources 
[1,2]. In part icular ,  we paid  a t ten t ion  to the 252Cf neu- 
t ron spect rum because it can be  fi t ted by the wel l-known 
Maxwell ian d is t r ibut ion  which can be compared  with 
the measured  spectrum. 

This  article will describe the me thod  employed to 
measure  the spectra of fas t -neut ron  sources, the unfold-  
ing technique and  finally a compar i son  between the 
fi t ted and  measured  252Cf neu t ron  source spectrum. 

2. Description of the experiment 

The  neu t ron  spectra of A m - B e ,  T(d, n )4He  and  
252Cf sources were ob ta ined  by  using the fas t -neutron 

spect rometer  which uses an  NE-213 liquid scinti l lator (2 
i n . ×  1.5 in.) encapsula ted  in a s t andard  type VH-I  
a lumin ium can, connected  to an  RCA-8850 photomul t i -  
plier th rough  a l ight guide. The  pulse-shape discr imina-  
t ion technique has been  used to resolve neut ron-  and  
gamma-ray  pulse-height  data.  The electronic system, 
which is shown in fig. 1, was cal ibra ted using some 
IAEA s tandard  gamma-ray  sources and  the 4.43 MeV 
gamma-rays  f rom an  A m - B e  source. Wi th  this cal ibra-  
t ion the spect rometer  gives a neu t ron  spect rum in the 
range of 2 - 1 6  MeV, with 6% intr insic  efficiency and  a 
resolut ion between 4% and  11%. 

3. Results and discussion 

The  measured  pulse-height  spectra of recoil p ro tons  
f rom neu t ron  in teract ions  with the scinti l lator mater ial  
were unfolded using the F A N T I  code [3],which applies 
the matr ix  inversion method  to obta in  the neu t ron  
energy spectrum. 
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Fig. 1. Fast-neutron spectrometer with associated electronics. 
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Fig. 2. Am-Be neutron energy spectrum. 
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Fig. 3. T(d, n) 4 He neutron energy spectrum. 
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The measured neutron spectra from A m - B e ,  
T(d ,n )4He and 252Cf sources are shown in figs. 2-4.  
The measured 252Cf neutron spectrum shows a good 
agreement with the spectrum published in the literature 
[4], which can be fitted by the expression N ( E )  

= 7 ~ - e x p ( - E / T )  with the constant T =  1.42 MeV. 
The neutron spectra of A m - B e  and T(d ,n)4He agree 
with the literature results [5]. 

4. C o n c l u s i o n s  

The results presented in this article show that a 
fast-neutron spectrometer can be useful for application 
in radiation dosimetry [6] since biological damage is a 
function of neutron energy. It can be used in a mixed 
field of gamma and neutron radiations. This spectrome- 
ter has been used in shielding benchmark experiments 

II. SOURCES AND DETECTORS 
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Fig. 4. 252 Cf neutron energy spectrum. 
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as well  as in the  cha rac t e r i za t ion  o f  r eac to r  sources  [2]. 
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