Introduction and Motivation

* Photon active interrogation can induce photonuclear
reactions in HEU to produce more detectable signatures
compared to passive detection

* An artificial-neural-network-based pulse-shape-
discrimination (PSD) algorithm will be used to decompose
and re-classify piled-up pulses that result from the linac’s
large photon “flash”.

* Expected Impact: this project will improve the deployability
of active interrogation systems by using a commercial 9-
MeV linear accelerator (linac) and readily manufactured
PSD-capable stilbene organic scintillators

Mission Relevance

* Active interrogation systems support the detection of
concealed special nuclear material

* Increasing the deployability of active interrogation systems
will improve the ability to interdict illicit special nuclear
material
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Fig. 1: Lab space, dimensions: 20 m x 15.7 m (Left) and linac in concrete vault (Right)
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Technical Approach

* The current ANN design can recover data from pulses

separated by 60 ns or greater?

e We tested the %°2Cf-trained ANN on PuBe data

 We actively interrogated depleted uranium (DU) and
analyzed data with both the ANN and traditional

charge integration (Cl) PSD?
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Fig. 2: Example voltage pulse from a stilbene organic scintillator, with labels for PSD (Left).
The pulse recovery by the ANN is dependent on the separation time (Right).

Results

o 2>’Cf-trained ANN accurately analyzed PuBe data

 ANN-attributed pulses appear in regions predicted by PSD

* ANN analysis recovered pulse information from pile-ups,
increasing neutron counts compared to Cl
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Fig. 3: ANN-attributed neutrons (Left). ANN-attributed photons (Right). The yellow line is
the discrimination line used in Cl PSD. The ANN successfully discriminated this PuBe data

even though it was trained with 2>°Cf only.

This work was funded in-part by the Consortium for Monitoring, Technology, and Verification under
Department of Energy National Nuclear Security Administration award number DE-NA0003920. This work is also funded in-part by the Domestic Nuclear
Detection Office of the Department of Homeland Security through the Academic Research Initiative Award Reference number 2016-DN-077-ARI106. National Nuclear Security Administration

Tail-to-Total Ratio

Tail-to-Total Ratio

Detection of Fast Neutrons during Photon Active Interrogation
C.A. Meert™, A. J. Jinia!, K. E. Laferty?, C. A. Miller’, H. S. Kim4, S. D. Clarke', D. D. Wenztzloff?, S. A. Pozzi’ DNNG

'Department of Nuclear Engineering and Radiological Sciences, University of Michigan, Ann Arbor, Ml
2Department of Electrical and Computer Engineering, University of Michigan, Ann Arbor, Mi

*Presenting Author, cmeert@umich.edu

D.E‘r'

0.7 [

0.6

D.E.-

0.4

0.2

0.1

0.3

- 1 ;
PR .I I- H |.|II;||.|‘ #iii
! e 6 ) (b)
0.9 il J:l PII\[-,-'-%JI"]"F'I{I* I|I P"lhl I'I;"r“!-'.,llll,li I.a'. ' 0.9F
ﬁ“b Ll Sotte '“'ﬁ* Ay
.'|1f | 1'”:'H I;.n I |||| |||I 'y |l" 0.8
r1'|'|.‘r+Ti. |I T'-JI' L ':5 A I I'.I i r
.. ar j;‘ neutrons pile-ups that can ;.H A . 0.7 T
f b  be recovered Firne =
i “’1 T BN A Uiy 206
f ! "# ¢' J'l'n I'" '-l J1 IF» E,'r i 1}“[ i " " i |...|.','.I ',t'f:,""l:..".". T
!“] uf tig‘l. m,-x “*51& i‘% ﬂt H[ ﬂ ,r ;_‘j il ,'.'I1'-Jf-,|'.u-';,u::- 505 neutrons
AT pct A e e
| ]II ';i:l H IIIII 'E' Illﬂlﬂhillli Ih{jll,ll' iﬂ"', IIIF r'.ll. ll';l;_l'll l'll l,,"|”' L n4t .||| l'l':ulul:ll'” | |
ae H' .ll".-a 1 |H| |. |r ﬁ.l iy T "." & R \f‘{” 'y .
rhm |l L‘j | q I l t|l ||||1l '| 0.3, IIF |L I" |1“ |'I|II II :I I|| |I | T, o . P
Al ,Hﬂ" 1||, 1}"'11"I'l HH'LH A + '|' ”h”““l e
g T i J- : I ! e
: Ty 0.2 1T ST
| \ 111 Il"l" '|
ol b R r A iy ,i iy '.,l b
i Rk s N X - 017 r Il'l 'r|' Ju If'” i | h*# ”” " N
A U Photons, recoverable pile-ups ' “ M'“ l“ 1“' il'l' it I .- photons
/ II|Ilh'|'| i 1 i.'l , ! .
- - , 0"
2 4 6 A 10 12 14 16 0 2 4 6 B 10 12 14 16

Total Integral (V-ns) Total Integral (V-ns)

0.9

0.8 T

0.7 T

0.6

0.aT

01T

() ()

neutrons

misclassified pulses

Tail-to-Total Ratio
-
L

misclassified pulses 1 01F

photons |

v 2 4 b 8 o 12 U 16 0 2 4 6 8 10 12 14 16

Total Integral (V-ns) Total Integral (V-ns)

Fig. 4: Results for a 2” stilbene detectors during DU active interrogation. Comparing
recoverable ANN data (a) to classifiable Cl data(b) illustrates the potential advantage of
ANN compared to traditional Cl. ANN-attributed neutrons (c) and ANN-attributed photons
(d) appear in the region predicted by Cl PSD. The red lines are the discrimination line used
in Cl PSD.

Conclusions

PuBe analysis demonstrates the robustness of the ANN

to analyze radiation sources beyond it’s training data

Active interrogation results demonstrate the potential
advantages of ANN-based PSD, and pulse recovery
increased our neutron detection rates in comparison to
traditional analysis methods

Next Steps: Improved simulation models to provide
ground-truth neutron detection rates, benchmark
experiments with 3He and inorganic scintillators
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