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DESIGNING A TEMPLATE INFORMATION BARRIER'BASED ON
LOW-RESOLUTION GAMMA SPECTROSCOPY

Malte Gottsche and Alexander Glaser
Deutsche Physikalische Gesellschaft, Regensburg, 2016




BACKGROUND

PASSIVE GAMMA SPECTROMETRY FOR WARHEAD VERIFICATION

Successfully demonstrated as a verification technology “to confirm the
identities of treaty accountable items” — both with attribute and template
approaches (e.g. TRIS and TRADS developed at Sandia)

However, gamma spectrometry (alone) is not suited to determine fissile material mass
due to self shielding effects; strictly speaking, also not suited to confirm identity
of any two items
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COMPUTER MODEL

AND BENCHMARK WITH EXPERIMENTAL DATA




MODEL EXPERIMENTAL SETUP

OF PLUTONIUM SOURCE (BeRP BALL) AND HIGH-PURITY GERMANIUM DETECTOR




DISTRIBUTING N POINTS ON A SPHERE

(1000 IDENTICAL DETECTORS TO INCREASE EFFICIENCY OF MCNP CALCULATIONS)
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MEASURED AND SIMULATED
HIGH-RESOLUTION SPECTRA OF THE BeRP BAL
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SIMULATED SPECTRA

BeRP BALL, Nal vs HPGe DETECTOR
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PROPOSED APPROACH

“MULTIMATCH TEMPLATE" WITH SODIUM-IODIDE DETECTOR




MODEL EXPERIMENTAL SETUP

AS PROPOSED FOR MEASUREMENTS AT THE DEVICE ASSEMBLY FACILITY, JULY 2016




NOTIONAL DIVERSION SCENARIOS

FOR THE BERP BALL

MAIN DIVERSION SCENARIO: OUTER DIAMETER UNCHANGED; REMOVING MATERIAL FROM THE INSIDE

BeRP Ball
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"MULTIMATCH TEMPLATE"

USING (THREE) INDEPENDENT TESTS

FOR MAXIMUM SENSITIVITY TO DIFFERENT TYPES OF DIVERSION

MODIFIED KS TEST TOTAL GAMMA TOTAL NEUTRONS

expect good

ISOTOPICS "
sensitivity
SIZE expect good
(PROJECTED SURFACE) sensitivity

expect good

MASS o
sensitivity
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MODIFIED KS TEST

INTERPRETING GAMMA SPECTRA AS PROBABILITY DENSITY FUNCTIONS

1000 —————




CUMULATIVE DISTRIBUTION FUNCTION

REACTOR-GRADE VS WEAPON-GRADE PLUTONIUM

wE
- /RPu/7 -
n ﬂ i

e probability
o
~—
=

o
= .
N\

14

Malte Géttsche and Alexander Glaser, Deutsche Physikalische Gesellschaft, March 2016



TURNING NEUTRONS INTO GAMMAS

“REVERSE" PROMPT GAMMA ACTIVATION ANALYSIS (PGAA)
CAN PROVIDE A ROBUST SIGNATURE FOR THE MASS OF PLUTONIUM

60

Solid ball (4.48 kg) |
Hollow ball (3.83 kg) ||

50 |

Relative (actual) mass: 85%
Relative peak area: 58%
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RESULTS

(PRELIMINARY)




"MODIFIED KS TEST”

(VERY SENSITIVE TO ISOTOPICS OF INSPECTED ITEMS)

Shown are results for 50

5-minute measurements

10
w 8
(5]
=3
= __
& 4  Item identical
‘S to template

Two-percent difference in isotopics
(3.95% vs 5.95% Pu-240)
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NOTIONAL DIVERSION SCENARIOS

FOR THE WEAPON-GRADE PLUTONIUM BERP BALL

DIVERSION SCENARIO: OUTER DIAMETER UNCHANGED; REMOVING MATERIAL FROM THE INSIDE

BeRP Ball




TOTAL GAMMA COUNT

(VERY SENSITIVE TO PROJECTED SURFACE AREA OF ITEM — BUT NOT TO HIDDEN CHANGES)

5200
| Increased outer diameter
L hollow, same mass
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NEUTRON MEASUREMENT

30-MIN MEASUREMENT REVEALS 3%-MASS DIVERSION

6000 |

5000 | ——
[ Increased outer diameter
] hollow, same mass
4000 | _
—~ oL

Two-percent reduction

in Pu-240 content




"MULTIMATCH TEMPLATE"

SUMMARY OF RESULTS

MODIFIED KS TEST

ISOTOPICS Excellent indicator

SIZE Good indicator
(PROJECTED SURFACE) (in combination with others)

MASS
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TOTAL GAMMA

Good indicator
(in combination with others)

Excellent indicator
(in combination with others)

TOTAL NEUTRONS

Good indicator
(in combination with others)

Excellent indicator
(in combination with others)
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CONCLUSION

ﬂ a SUMMARY AND FINDINGS

Notional diversion scenarios using template-matching approach
ltems with different surface areas: straightforward

S

ltems with same outside dimensions: more challenging
Indirect neutron measurements offer strategy to confirm mass
Sensitivity of Nal and HPGe not too different for template matching
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