
Passive neutron interrogation in systems with a poorly characterized 
detection efficiency 

Chen Dubi,1 Elad Oster1, Aharon Ocherashvilli,  Bent Pedersen, Janus Hutszy2

1 Dep. Of Physics, Nuclear Research Center of the Negev (NRCN). POB 9001, Beer Sheva, Israel   
e-mail: chendb331@gmail.com. 

2 JRC laboratory, Ispra, Italy 

Passive neutron interrogation for fissile mass estimation, relying on neutrons coming from 
spontaneous fission events, is considered a standard NDT procedure in the nuclear 
safeguard and safety community. Since most structure materials are (relatively) transparent 
to neutron radiation, passive neutron interrogation is considered highly effective in the 
analysis of dirty, poorly characterized samples. On the other hand, since a typical passive 
interrogation assembly is based on 3He detectors, neutrons from additional neutron sources 
(mainly (α,n) reactions and induced fissions in the tested sample) cannot be separated from 
the main spontaneous fission source  through energetic spectral analysis.    
There for, applying the passive interrogation methods the implementation of Neutron 
Multiplicity Counting (NMC) methods for separation between the main fission source and the 
additional sources. Applying NMC methods requires a well characterized system, in the 
sense that both system die away time and detection efficiency must be well known (and in 
particular, independent of the tested sample). 

Thinking of typical measurement in a typical assembly, it is safe to assume that the system 
parameters are well known, since they may be calibrated using well defined samples. 
However, in certain cases this might not be true: for instance, following the Fukushima 
Daiichi accident, the decommissioning process would require applying NMC on samples 
which might contain neutron absorbents in an unknown amount, creating a configuration in 
which the detection efficiency- which is assumed to be a system parameter in all traditional 
NMC methods- depends on the tested sample itself [1]. 
In addition, in recent years there is an academic and technological effort to extend the 
capabilities of neutrons interrogations to new settings. In particular, the problem of fissile 
mass estimation and detection in large containers is of utmost importance. Is such a setting, 
the system efficiency cannot be defined due to the spatial uncertainty on the location of the 
sample with respect to the detector ring. It should be mentioned that even in the most 
standard passive interrogation facility, a spatial uncertainty is expect, since the sample is 
often located in a sealed container. 
In the present study, we introduce a new method, based on the SVM neutron multiplicity 
counting formalism [2], in which a prior knowledge of the system efficiency is not needed. 
The method will be demonstrated on a set of measurement taken at the JRC laboratory, 
covering a large range of masses, detection systems and measurement time. 
 From a technical point of view, the interrogation facility itself is exactly the same as used in 
standard measurements, such as a standard coincidence counter, but with one restriction: 
data acquisition must be carried out in a LIST mode data acquisition machinery [3], recording 
the entire detection train digitally, rather than a single channel analyzer (SCA), which 
produces a train of TTL pulses, which are then fed into a neutron analyzer, based on the 
shift-register principle [4].  
While at this point it is still hard to claim that the method is fully operational (mainly due to the 
limited data set at hand), we feel that it is safe to state that the results so form a good proof 
of feasibility of the method.  
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