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TWO-COLOR NEUTRON DETECTION FOR ZERO-KNOWLEDGE
NUCLEAR WARHEAD VERIFICATION

Yan Jie and Alexander Glaser
56th INMM Meeting, Indian Wells, California, July 2015
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PREVENTING THE EXCHANGE OF SENSITIVE INFORMATION

(S. Philippe, B. Barak and A. Glaser, “"Designing Protocols for Nuclear Warhead Verification,” this conference)

Measure sensitive Information Never measure sensitive information
Hard to authenticate and certity Easier to authenticate and certify

Single-bit observation More complex observation



OUR GENERAL APPROACH

TEMPLATE-MATCHING (using active neutron interrogation)

More difficult to implement than attribute approach,
but also more robust against important diversion scenarios

Generally requires “golden warhead” to generate template (reference signature)
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“ONE-COLOR"™ RADIOGRAPHY
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PROOF THAT TWO RADIOGRAPHS ARE IDENTICAL

RADIOGRAPH COMPLEMENT

ITEM A ITEM A FLAT BACKGROUND

RADIOGRAPH COMPLEMENT
ITEM B ITEM A

FLAT BACKGROUND

ITEM B IS EQUAL TO ITEM A



PROOF THAT TWO RADIOGRAPHS ARE IDENTICAL

RADIOGRAPH COMPLEMENT

ITEM A ITEM A FLAT BACKGROUND

RADIOGRAPH COMPLEMENT
ITEM B ITEM A

RESIDUAL IMAGE

ITEM B IS NOT EQUAL TO ITEM A



/ERO-KNOWLEDGE VERIFICATION

RADIOGRAPHY WITH 14 MeV NEUTRONS

(Tungsten rings replaced by lead rings)

Radiograph o
‘ (never measured) ‘ alid item

[cm] [cm] [cm]

@ Small deviations from Npyax @ Significant deviations from Nyax (2.0, 2.5, 3.0 sigma)
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FISSION CROSS SECTIONS

OF THE MAIN URANIUM AND PLUTONIUM ISOTOPES




FISSION CROSS SECTIONS

OF THE MAIN URANIUM AND PLUTONIUM ISOTOPES

+ Idea:
 Let's interrogate with neutrons in the 300-keV range
+ and look for fission neutrons (> 1 MeV)

Pu-239

Pu-240

/\’ U-235
 __—

ross Section (barns)

—h

ross Section (barns)

—
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http://www-nds.iaea.org/exfor/endf.htm

TWO-COLOR
NEUTRON SETUP




POSSIBLE IMPLEMENTATIONS

“ONE-COLOR"™ AND “TWO-COLOR” SETUPS FOR ACTIVE NEUTRON INTERROGATION

- Dh>10MeV

TRANSMISSION RADIOGRAPH FISSION SIGNATURE FISSION SIGNATURE
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POSSIBLE IMPLEMENTATIONS

“ONE-COLOR"™ AND “TWO-COLOR” SETUPS FOR ACTIVE NEUTRON INTERROGATION

14 MeV
SOURCE

300 keV 300 keV
SOURCE SOURCE

- Dh>10MeV |

Dn > 10 MeV (Dn >150 keV)

TRANSMISSION RADIOGRAPH FISSION SIGNATURE FISSION SIGNATURE FISSION SIGNATURE
(AND TRANSMISSION RADIOGRAPH) (AND TRANSMISSION RADIOGRAPH)
an Jie and A. G




A STRONG 300-keV NEUTRON SOURCE

TOTAL NEUTRON YIELD CURVES FOR SELECTED (THRESHOLD) REACTIONS
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OPEN-S0URCE
MONTE CARLO SIMULATIONS




MODELING APPROACH

SIMLIT AND GEANT 4

SimLIT (shrek.phys.huji.ac.il/SimLiT)

Dedicated Monte Carlo code to simulate neutrons from “Li(p,n) reaction
Ability to couple to Geant 4

Open source (designed as a C++ class)
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http://geant4.cern.ch
http://shrek.phys.huji.ac.il/SimLiT

SIMULATED p-LI NEUTRON SOURCE

SPECTRUM CAN BE TAILORED BY ADJUSTING THE INCIDENT PROTON ENERGY
AND THE THICKNESS OF THE LITHIUM TARGET

22 2040keV proton; 40um lithium
&3 2040keV proton; 10um lithium
2100keV proton; 10um lithium
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SIMPLIFIED EXPERIMENTAL SETUP

NEUTRON SOURCE, TEST ITEM, AND DETECTOR ARRAY
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NOTIONAL TEST ITEMS

Based on: Steve Fetter, Valery A. Frolov, Marvin Miller, Robert Mozley, Oleg F. Prilutsky, Stanislav N. Rodionov, Roald Z. Sagdeev
“Detecting nuclear warheads,” Science & Global Security, 1 (3—4), 1990, pp. 225-253

Fetter et al.'s Uranium Item (12 kg weapon-grade HEU)

4 kg of WPu; 93% Pu-239

Reference item Modified diameter
10.0cm OD | 11.0cm OD
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RESULTS




300-keV DRIVEN FISSION SIGNATURES

Invalid item (75% U-235) Valid item (93% U-235) Invalid item (85% U-235)
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(1.5, 2.0, 2.5, 3 Sigma)
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300-keV DRIVEN FISSION SIGNATURES

Valid item (93% U-235) Invalid item (larger diameter

Detector index
Detector index

Detector index

— Template

| —— Same Mass, Larger
ho b

4600 4800 5000 5200 5400 5600 4600 4800 5000 5200 5400 5600

Number of detectors
Number of detectors

Bubble count distribution Bubble count distribution

m Small deviation from N, mm Significant deviation from N, (1.5, 2.0, 2.5, 3 Sigma)
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"TRANSMISSION RADIOGRAPH"

Invalid item (75% U-235) Valid item (93% U-235 Invalid item (larger diameter
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ASSESSING THE RESULTS

USING THE KOLMOGORQOV-SMIRNQV STATISTICAL TEST AS A PASS/FAIL CRITERION

Uranium Item Plutonium Item
Radiograph | Fission signature Radiograph | Fission signature
Valid item Valid item

75% U-235 59% Pu-239

85% U-235 75% Pu-239

Larger diameter Larger diameter
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CONCLUSION AND QUTLOOK

“ONE-COLOR” SETUP

Neutron transmission radiography using high-energy (14 MeV) neutrons
is effective in detecting geometric and elemental differences

Distinguishing isotopic differences can be more challenging
because relevant 14-MeV fission cross sections can be similar for some
elements (esp. for Pu-239 vs Pu-240)
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