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PPPL Verification Facility 
 

The Princeton Plasma Physics Laboratory (PPPL) worked with Princeton University in the 
development of the concept for Zero-Knowledge Protocol (ZKP) Warhead Verification1, and on 
the first proof-of-principle experimental test of the concept2. PPPL, under the CVT Consortium, 
has since constructed a neutron moderator composed of a cylinder of mild steel with 30 cm thick 
walls, partially surrounded by borated polyethylene. This device, dubbed ExCalibUr (Experiment 
for Calibration with Uranium) is shown in figure 1, located in a room with thick concrete shielding. 
(It does look a bit like a sword in a stone.) The mild steel moderator visible in figure 1 reduces the 
energy of 14 MeV neutrons from a Thermo Scientific P-385 DT generator to the sub-MeV range, 
as measured with a Nested Neutron Spectrometer3, through (n,2n) and (n,n’) reactions on iron.  
 
This system is designed to allow 
discrimination of fissile from fissionable 
isotopes, since sub-MeV neutrons only 
produce fission reactions in fissile materials, 
and neutrons escaping a test object at higher 
energies must come from fission. We have 
calculated that the system can discriminate 
between fissile and fissionable isotopes, 
such as 235U vs. 238U and 239Pu vs. 240Pu in a 
Zero-Knowledge Protocol, by using arrays of 
bubble detectors shielded from the primary 
neutrons. The system can also be used for 
qualitative measurements of the presence 
of fissile material. More speculatively, 
coupled measurements of opacity and 
fission neutron emission might permit 
quantitative assessment of fissile material 
inventory. 
 
 
The system can easily be reconfigured as a 14 MeV neutron collimator, by removing some of the 
iron components, and installing additional borated polyethylene. This allows neutron 
radiographic studies, as shown in figure 2. Using this configuration we have demonstrated that a 
ZnS(Ag) scintillator can be used, in conjunction with film, to provide a non-electronic, high energy 
neutron radiographic image. This may allow higher resolution trusted measurements for ZKP and 
other applications than the bubble detectors previously employed. We are also examining the 
use of activation of a depleted uranium sheet as a neutron detector with a 1 MeV threshold. We 
anticipate that the activated DU sheet, subsequently held in contact with film, can provide 
another non-electronic fast neutron imaging technology. 
 

Figure 1. ExCalibUr moderated neutron 
source, in shielded room with Nested 
Neutron Spectrometer 
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The P-385 neutron generator is capable of 
producing up to 5 108 n/s, either continuously or 
at somewhat reduced time-average flux in pulses 
as short as 0.7 µs. In the latter mode it has been 
used in collaboration with MIT to demonstrate 
epithermal neutron resonance absorption4, as a 
means to identify specific isotopes. Fisher 
Scientific has indicated that they have developed 
and are testing an alternative internal beam 
target such that a system with the same form 
factor will be able to produce 109 n/s. 
 
PPPL has sets of 2” precision metallic cubes of 
aluminum, steel, copper, and depleted uranium 
that can be used to construct unclassified test 
objects. Experiments with these blocks are 
planned to validate calculations of the 
performance of the system, and to optimize the 
experimental arrangement. In addition, PPPL has 
arranged with INL to produce for us two 1” x 2” x 
2” metallic LEU blocks, at 16% enrichment. Each 
of the two blocks will contain 200 g of 235U, 
allowing us to simulate scenarios with the 
diversion of as little as 220 g of HEU. We are 
currently in discussion with the DOE Princeton 
Site Office to obtain the go-ahead to purchase 
these blocks. 

 
Operating status of facility: PPPL is currently operating with reduced on-site personnel. The P-
385 neutron generator has been shipped to Fisher Scientific for refurbishment. Development of 
detectors is continuing using a PuBe source with comparable neutron flux available at PPPL. 
 
Relevant activities: Discussed in outline form above. More details are available. 
 
Access requirements: 
One day lead time for site access. 
Operating times need to be coordinated with Health Physics (HP) since a single HP technician is 
required to be present, but this is generally not a limitation.  
No clearance requirements. No limitations on foreign nationals from non-sensitive countries. 
1 hour drive or train ride from Newark Airport. 
Cost for experiments is hourly rate of 1 HP technician. 
 
Point of Contact:  
Robert Goldston, goldston@pppl.gov 

Figure 2. ExCalibUr configured as a 
neutron collimator, set to irradiate a 
ZnS(Ag) scintillator proximity coupled to 
film in a light-tight box, with a 
polyethylene block covering part of the 
scintillator. 
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