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Shortage Slows a Program to Detect Nuclear Bombs
By MATTHEW L. WALD NOV. 22, 2009 o o @ o D

WASHINGTON — The Department of Homeland Security has spent $230
million to develop better technology for detecting smuggled nuclear bombs
but has had to stop deploying the new machines because the United States

has run out of a crucial raw material, experts say.

The ingredient is helium 3, an unusual form of the element that is formed
when tritium, an ingredient of hydrogen bombs, decays. But the

government mostly stopped making tritium in 1989.

The *He Supply Problem
Updated June 20, 2009

Abstract

One of the main uses for *He is in gas proportional counters for neutron detection. Radiation
portal monitors deployed for homeland security and non-proliferation use such detectors. Other
uses of *He are for research detectors, commercial instruments, well logging detectors, dilution
refrigerators, for targets or cooling in nuclear research, and for basic research in condensed
matter physics. The US supply of *He comes almost entirely from the decay of tritium used in
nuclear weapons in the US and Russia. A few other countries confribute a small amount to the
world’s *He supply. Due to the large increase in use of *He for homeland security, the supply has
dwindled, and can no longer meet the demand. This white paper reviews the problems of supply,
utilization, and alternatives.
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But why PSD Plastics?

PSD capable organic liquid scintillators are
not suitable for field deployment. They
present a chemical, toxilogical, electrical, and
flame hazard.

The alternative — a PSD
plastic
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Pulse Shape Discrimination

How to Quantify a Pulse Shape?

The decay of a scintillation pulse
can be described as a function of
two exponentials. For most
scintillators these exponentials are
very similar.

Some organic scintillators exhibit
the PSD phenomena where the
differences in the exponentials can
be exploited.

Numerous PSD algorithms

« Charge Integration

» Zero-Crossing

« Pulse Gradient Analysis

» Frequency Gradient Analysis
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Charge Comparison Method SURREY
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V1730C with C-series
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PSD projection is analysed by ROOT code f
« TSpectrum locates peaks of interest

* Adouble Gaussian is fitted over the region
» Fit parameters are extracted
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Gate Optimisation
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Asynchronous Charge Comparison

Optimising multiple gate parameters (up
to four), computationally expensive, for
limited returns.

Two major FoM peaks either side of a
valley of poor separation which is due to

Qwx = Qyz. Localised hotspots a result of
poor fits.
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Synchronous Charge Comparison

Optimising only one gate parameter, the
end of the “short gate” (tx).
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Asynchronous Charge Comparison
Optimisation — Close Up
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Figure of Merit
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Detector Construction SURREY

Nuclear Security — Handheld/Portal Monitors

« J-and C-series SiPM (single 6 mm
and 2x2 array)

« EJ series, CLYC, UPS 113NG

« Painted with EJ-510 TiO reflective
paint for increased light yield or
PTFE tape wrapping

« Optically coupled with standard
vacuum grease
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AmBe source measurements Su RREY

18 MBq 2*'AmBe source

Fast neutrons selected through
insertion of airtube

<1 cm water shielding between source
and detector

5 cm lead shielding to reduce gamma
signal

Ongoing — retrofitted DP2 monitor.
PMT replaced with SiPM, next step

neutron sensitive plastic
scintillator...

Mylar Window

ZnS(Ag) on BC400
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Radiation Hardness SURREY

Samples of EJ200 and EJ299 were placed in the
research reactor of North Carolina State University
to study radiation hardness.

m Flux (n;/cm?/s) | Fluence (n/cm?)
(%)

#1 (3 min) 1.51 x 1012 1.81 x 10%

#2 (17 min) 224 x 102 229 x 1015 5.4
#3(3hours)  2.16 x 102 234 x 1016 5.6 Q
#4 (28 hours)  1.69 x 1012 1.71 x 10V 5.2 B%L 77OAI
= ™. - y 4

E.J299-80kV1 00UA EJ299 22Na PMT 9102b

1— x
B N i
# TR Control

n RN Sample #1 (3 min)
- /4 I'v.. —— Sample #2 (17 min)
E 08— e Sample #3 (3 hours)
=3 BN i —— Sample #4 (28 hours)
£ P 1 EJ299-33 Datasheet
& /oy \ y
= [
2 06 f Vi,
] L | \
£ N |
B |‘ i \ v, — Control
S 04 F g ) 3 min

04— gy by —
g L / A W \\( ‘Tl b\,ﬂ ﬁ — 17 min
z — Uy
) ﬁ ol ] ’ " — 3 hour
ooy wamﬁ R b T R
02—
| | o s b L — o —— PR SOV I B E
300 400 500 600 700 2000 3000 4000 5000 6000
Wavelength (nm) Channel Number

11



UNIVERSITY OF

Results SURREY

3.5
L —a— EJ-276 J-series
- —— Amcrys J-series
— —=— EJ-299 J-series e —
3 —e— EJ-299 ET 9102B T

—— EJ-299 C-series / _—
/

AR

- 2.5_

= -

8  2r v —

= - / " 4

o — / e

o ~ I

1.5 L /J_——L/-f— _

//w-f-'—"‘*"'"/

\

0'50 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

Energy (keVee)

M.P. Taggart and P.J. Sellin, Nucl. Instr. Meth. A, 908 (2018) 148-154
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Lithium loading SURREY

Itchy single J-series EJ270-PbAir

Common neutron converters
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Thanks for listening!
Any Questions?

Collaborators

M.W.J. Hubbard
M. Wardle
C. Payne
P.J. Sellin
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