SAND2016- 10820C

Position Sensitivity within a Bar of Stilbene
Coupled to Silicon Photomultipliers

Marc L. Ruch?’, Peter Marleau®, Sara A. Pozzi@ UNIVERSITY OF

aDepartment of Nuclear Engineering and Radiological Sciences, University of Michigan, Ann Arbor, MI 43109, USA MICHIGAN
bRadiation and Nuclear Detection Systems Division, Sandia National Laboratories’, Livermore, CA 94551, USA
*mruch@umich.edu

Introduction Results (continued)
Motivation  oasl E
Human-portable systems are needed to locate special nuclear - — 27mm e T
material (SNM) and identify warheads for: 02 BT ool 2%
. Safeguards E — -20.32 mm E — -20.32 mm
» Treaty verification I 015
- Emergency response % 015_ % 0.15_
SNM geometry is an indication of a nuclear weapon. SNM emits © Tt ©
neutrons and gamma rays spontaneously or when interrogated. 25k 0.05
A handheld dual particle imager (H?DPI) can exploit these two N -
signatures to identify nuclear warheads. f e . 0
OH | JO‘.2l | |0{4\ | ‘O‘.GI | I0{8I II‘lll | I1{2I | |1{4‘ | ‘1‘.6| | |1{8[ | \2 6| - ‘0!5| o |1 o ‘1‘.5| - Ig o I2!5I o 3
Pulse Height Ratio Pulse Height Ratio

Figure 8. Top over bottom pulse height ratio distribution of a (a) PTFE-wrapped and (b) unwrapped stilbene crystal.

Handheld Dual Particle Imager (H2DPI) Design

« Exploits recent advances in silicon photomultiplier (SiPM) technology
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Figure 2: Diagram of vertical position
Figure 1: (a) 2D and (b) 3D sketches of proposed H2DPI design. sensitivity technique. Figure 9. Mean pulse height ratio as a function of position within a (a) PTFE-wrapped and (b) unwrapped stilbene crystal.
Previous Experimental Results
25 - 25 -
" o n n n = &, b
Pulse Shape Discrimination Time Resolution 20 - .
E 15 - 'é‘ 15 -
5 3D Printedeark Box ., € 10 _ z(r) =-60.09In(r) - 5.45 € 10 2(r) =-36.90In(r) + 2.79
. n S _ - 2 _
« Measured time resolution _ B S 5 - R* =0.9995 S 5 - R™=0.9924
of stilbene/SiPM system . 22N3 Source T 0 - Z 0 -
_ B « Coincident annihilation & 5 & 5
3 photons Na-22 source S .10 S .10
g ors « CAEN DT5730 315 - g .15 -
= ST e digitizer (500 MS/s) b. * 20 220 -
i 0.7 . W 200 « SensL C-Series SiPM Pulse Max | - -25 | | I i i | -25 | | | ! ! |
4 « SiPM standard output: 0.5 0.75 1 1.25 1.5 1.75 2 0.5 0.75 1 1.25 1.5 1.75 2
065 — 0 0.28ns o P(Pulse Max) Pulse Height Ratio Pulse Height Ratio
Pulse Height (keVee) « SiPM fast output:
0.23 ns o Baseline: Figure 10. Vertical position as a function of pulse height ratio within a (a) PTFE-wrapped and (b) unwrapped stilbene crystal.
Fig. 3. Previously achieved pulse shape discrimination e FastPMT:0.32nso
result of stilbene coupled to MicroFC-600035 SiPM.
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stilbene with a SiPM on either end response

« Back projected cones of possible source
locations from multi-scatter events using neutron
scatter camera and Compton camera principles

* Propagated uncertainties into back projected
cone widths

* Performed list mode MLEM using cone
projections as probability distribution functions
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« Collimated Na-22 source
 Measured at 5 positions along bar

 Repeated experiment with uncoated and
PTFE-wrapped stilbene crystal
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Figure 11. Diagram of source location simulations.

Figure 5: Diagram of position sensitivity experiment.
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c e Figure 12. MLEM image of (a) neutrons and (b) photons from Cf-252 source at 1 m.
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Pulse Height (LSB) Pulse Height (LSB) « Bare and PTFE-wrapped crystal show similar vertical position resolution

- PTFE-wrapped crystal average resolution (10): 4.9 mm

Figure 6. Pulse height distributions from the SiPM coupled to the top of a (a) PTFE-wrapped and (b) unwrapped stilbene crystal. - Bare average resolution (10): 4.6 mm

 PTFE-wrapped crystal results in better overall photon collection (~2x at center)
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Figure 7. Pulse height distributions from the SiPM coupled to the bottom of a (a) PTFE-wrapped and (b) unwrapped stilbene crystal. . Submitting for R&A (this line will be changed to include SAND number)




