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INTRODUCTION 

 
This summary describes experiments to detect and 

identify fissionable materials using the tagged neutron 
technique. The objective of this work is to enhance 
homeland security capability to find fissionable material 
that may be smuggled inside shipping boxes, containers, 
or vehicles. The technique distinguishes depleted uranium 
from lead, steel, and tungsten. Future work involves 
optimizing the technique to increase the count rate by 
many orders of magnitude and to build in the additional 
capability to image hidden fissionable materials. The 
tagged neutron approach is very different to other 
techniques based on neutron die-away or photo-fission. 
This work builds on the development of the Associated 
Particle Imaging (API) technique at the Special 
Technologies Laboratory (STL) [1]. Similar 
investigations have been performed by teams at the Oak 
Ridge National Laboratory (ORNL), the Khlopin Radium 
Institute in Russia, and by the EURITRACK collaboration 
in the European Union [2,3,4]. 
 
DESCRIPTION 

 
A 14 MeV deuterium-tritium (DT) neutron generator 

at  STL that produces about 3×107 neutrons/second was 
used for this work. Detection of fissionable material using 
such a low yield generator will lead to few issues with 
exceeding the ICRP-60 recommendations.  The DT 
reaction also produces an alpha particle. The detection of 
this alpha particle gives the time of production of the 
neutron. The term “tagged” means that this alpha particle 
has been detected, which gives the time of neutron 
production. The generator produces a conical beam (13 
degree apex angle) of tagged neutrons that are used to 
irradiate the interrogated object. Detection of fissionable 
material involves counting triple coincidences between 
the arrival of gamma-rays/neutrons at two NaI detectors 
and the production of a tagged neutron as a function of 
neutron flight time. A sketch of the experiment 
arrangement is shown in Fig. 1.  
 

The count time window is opened for 90 ns after a 
tagged neutron is produced. This was chosen partly 
because the fission photon yield falls off by several orders 
of magnitude in this time, and it allows ample time for a 
14 MeV neutron to reach the far side of an interrogated 

object at a speed of 5.13 cm/ns. Background suppression 
is achieved by only counting true coincidences in this 
time window. A small scale laboratory demonstration was 
carried out to compare the responses of depleted uranium, 
lead, steel, and tungsten.  
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Fig. 1. The layout of the API system. 
 
RESULTS 
 

The triple coincidence data shows that the response 
from depleted uranium is uniquely different to that 
observed from lead, steel, and tungsten (see Fig. 2). The 
target thicknesses were all 1.3 cm, and the plates were 
large enough to cover the entire tagged beam. In each 
case a sharp gamma-ray “spike” is observed at the 
location of the material; however, the amplitude of this 
“spike” is significantly larger for depleted uranium with 
all other experiment parameters constant. A second 
“hump” is observed only in the profile of depleted 
uranium that corresponds to the arrival of prompt 
neutrons at the detectors. The observation of the first 
prompt gamma-ray “spike” followed by the prompt 
neutron “hump” constitutes the unique signature of fission 
in the depleted uranium. If fissile material were present, 
then its signature is expected to be even more unique than 
that observed here for depleted uranium. This is due to 
neutron multiplication and the larger cross section (about 
2b compared to 1b) of fissile material relative to depleted 
uranium. This tagged neutron approach with further 
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development will allow voxels within the interrogated 
object to be examined for the presence of fissionable 
material. 

Comparison of DU, Lead, and Steel
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 Fig. 2. A comparison of data collected for DU, lead, and 
steel. A gamma “spike” is observed for each material; 
however, a prompt neutron “hump” is observed for DU. 
The distance between the gamma-ray “spike” and neutron 
“hump” is the neutron flight time between the target and 
the detectors. Note that the channel number represents 
neutron flight time that in this case has its origin on the 
very right side of the horizontal axis. 
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