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VIRTUAL GAMMA-RAY SPECTROMETRY
FOR TEMPLATE-MATCHING NUCLEAR WARHEAD VERIFICATION

Janet Schirm and Alexander Glaser
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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

BeRP BALL) AND HIGH-PURITY GERMANIUM DETECTOR
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DISTRIBUTING N POINTS ON A SPHERE

(1000 IDENTICAL DETECTORS TO INCREASE EFFICIENCY OF MCNP CALCULATIONS)
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ENERGY BROADENING

USING BENCHMARK DATA FROM SINBAD (FOR HPGE DETECTOR)
AND OWN MEASUREMENTS (FOR NAI DETECTOR) TO “BLUR™ MCNP TALLIES

ESTIMATED FULL-WIDTH HALF-MAXIMUM FOR HPGE DETECTOR USED IN SINBAD EXERCISE

FWHM; (E) ~ 0.00125 \/ E(MeV) 4 0.00090 (E(MeV))”
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MEASURED AND SIMULATED
HIGH-RESOLUTION SPECTRA OF THE BeRP BAL
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SCENARIOS AND RESULITS




SIMULATED SPECTRA

WEAPON-GRADE VS REACTOR-GRADE PLUTONIUM BALL, HPGE DETECTOR
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SIMULATED SPECTRA

WEAPON-GRADE VS REACTOR-GRADE PLUTONIUM, Nal DETECTOR
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THIS IS APPARENTLY TO0 EASY




NOTIONAL DIVERSION SCENARIOS

FOR THE 4484-GRAM BERP BALL
SCENARIO TYPE B: MASS UNCHANGED; INCREASING OUTER DIAMETER

- o 0 c




NOTIONAL DIVERSION SCENARIOS

FOR THE 4484-GRAM BERP BALL

SCENARIO TYPE A: OUTER DIAMETER UNCHANGED; REMOVING MATERIAL FROM THE INSIDE

BeRP Ball




300-700 keV RANGE

INTERPRET GAMMA SPECTRUM AS PROBABILITY DENSITY FUNCTION
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CUMULATIVE DISTRIBUTION FUNCTION

300-700 KeV, REACTOR-GRADE VS WEAPON-GRADE PLUTONIUM
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ARE TWO OBJECTS (CONSIDERED) EQUIVALENT?

RESULTS OF A KOLMOGOROV-SMIRNOV TEST COMPARING RADIATION SPECTRA
OF ORIGINAL BERP AGAINST MODIFIED BERP (300-700 keV RANGE)
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ARE TWO OBJECTS (CONSIDERED) EQUIVALENT?

RESULTS OF A KOLMOGOROV-SMIRNOV TEST COMPARING RADIATION SPECTRA
OF ORIGINAL BERP AGAINST MODIFIED BERP (300-700 keV RANGE)
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CONCLUSION

ﬂ a SUMMARY AND FINDINGS

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

ltems with same outside dimensions, more challenging
Difficult/impossible for thick objects

Sensitivity of Nal and HPGe not too different for template matching
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