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Kinematic Neutron Imaging3



Motivation
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3m x 2m x 2m

10 x10 x 10 cm



Challenges
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5

Avg intrascatter
time:
~2 ns @ 1 MeV

Mean free 
path:
~3 cm @ 1 MeV



Prospective Methods6

Concept requires a method of determining two (or more) event locations 
within a compact scintillator to sub-cm precision. ! = ($, &, ', ()
1. Monolithic: Arrival positions and 

times of isotropically emitted 
photons at surfaces of the volume 
determine most likely !.

2. Optically segmented: Constrain 
photon propagation within bulk to 
associate specific PD channels 
with !.



SVSC at AAP7

Strong technical parallels to both prospective and 
previously realized neutrino detectors



SVSC at AAP8

Both teams are pursuing both component level characterization 
and development as well as system level prototyping.



Focusing on the Monolithic Case 9



Reconstructing Events

Event reconstruction via likelihood maximization.
• MINUIT: SIMPLEX, MIGRAD
• Deterministic Likelihood Maximization



Can it work? (DR)
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For a simulated 2.7 uCi Cf252 neutron source located at 
1 m, this image is equivalent to 29 minutes of  
measurement time, without background.   

s

Dx0 3.02 mm
Dy0 3.05 mm
Dz0 3.02 mm
Dt0 0.08 ns
Dn0 45 photons

s
Dx1 4.94 mm
Dy1 5.08 mm
Dz1 4.95 mm
Dt1 0.14 ns

Dn1
30 
photons

Belkis Cabrera-Palmer 
(SNL)
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DRS4 waveform capture
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SNL 16-channel DRS4-based 
board

14 cm x 6 cm footprint

Plugs directly into Planacon

PSI

• DRS4: 9-ch switched 
capacitor array ASIC

• 5 GS/s, 950 MHz, 11.5 
enob, 1024 samples

• Long readout time

• 4-channel DRS4 
eval board (PSI)

• Not scalable
• Caen V1742
• 32-channel
• DRS4-based



SCEMA Module Directly Coupled to Planacon



Establishing SCEMA Single Photon Performance15



Photodetectors

2018-06-13 E. BRUBAKER, SNL/CA

16

Photek PMT210

Hamamatsu H8500 MAPMT
Photonis Planacon
XP85012

• 1 cm MCP-PMT
• Gold standard

for timing
• Not scalable

• Metal channel
multi-anode PMT

• 8x8 anode (6 mm)

• 25 mm pore
MCP-PMT

• 8x8 anode (6 mm)

Large Area Picosecond Photodetector

http://www.incomusa.com/wp-content/uploads/2018/06/2018-06-27-
Large-Area-Picosecond-Photodetector-LAPPD-Pilot-Production-and-
Development-Status.pdf



LAPPD Mounted with moveable light source
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Single Point Results
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Single Point Results
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Outlook for LAPPD and other Photodetector Characterizations

Relative occupancy = 
percentage of  counts 

above threshold

Relative Occupancy

Kyle Weinfurther
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Measuring Scintillator Pulse Shapes22
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Prototypes For Both Concepts are Nearly Operational25



SVSC collaboration
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SNL/CA: E. Brubaker, M. Sweany, J. Brown, J. 
Steele, B. Cabrera-Palmer, P. Marleau, J. Carlson
ORNL: P. Hausladen, M. Febbraro, K. Ziock, 
M. Folsom
U of  Hawaii: J. Learned, K. Nishimura, A. 
Druetzler, A. Galindo Tellez, 
UC Berkeley: B. L. Goldblum, T. Laplace, J. 
Manfredi
NCSU: J. Mattingly, K. Weinfurther, M. Mishra
ANL: J. Elam, A. Mane, M. Gebhard



SVSC collaboration
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Pulse Pair Resolution Test Schematic28



Pulse Pair Resolution Test Event Example29



Pulse Pair Resolution Test Result30


