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o Experiment
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Results

Fiber-coupled pulsed laser allows for injection of
light at known location and intensity

Photoelectrons

................................................................................................

Photoelectrons/pulse in each channel used to b e Pl . 1 %3
tune optical parameters of Geant4 simulation

Channel

S 0.8FE OO SN RR—— SR— — 7N NS _—
5 g
« Reduced scattering length: 5.7 mm = gg
t -04

* Absorption length: 169 mm
* X?2/NDF for all pulses: 0.6 £0.2

, OWbLS2 lt

L /]
A ALl P

I/
Sy 4

Al
NS
" UNIVERSITY OF

National Nuclear Security Administration
¢ MICHIGAN




10° T TSRS T T T TSI T s st ors s stsssteessreseseeS: =

DR : LTI LIl FERETTRPP § %0Co Experiment
........ I Y e 990 Simulation

I Py W N o s .| B "Cs Experiment
Y s : : : g '%’Cs Simulation

Results

Counts
|

X *Na Experiment

. ol L e R —|— 22Na Simulati
Comparlson of 10 Y U R ' Y VT s almualon

experimental and [ ............. X . 25 A' ‘« Bt .............. .............. ..............
Simulated OWbLSZ I i ............ ._: ............. ....... oy e .............. .............. ..............
response to gamma-rays : : : : LT : : :

from 137Cs, 69Co, and 22Na

10 :ZIIZIZZIé:ZIIZZIZIZZIZIéZIZIZZIZZZZIZZZEZIZZI- : _' ! ' {s- ZIZIZZIZé:ZIZIZZIZZIZIZ%IZIZZIZIZZIZZZ
X2/NDF: Cooy s A SR B Wkl
. 137Cs: 1.45 A : REETL L) L T .
6OCO: 113 ... ........ . 1 ] ¥ IS T
22Na: 123 _ﬁ ........ a 3inbh- il - - -1 " ]

20 100

10

UNIVERSITY OF

WYNSE

National Nucleal urity Administr t MICHIGAN



CoM Calculations 30 10

-10 30
16 _________ _.I 1 ] (] A
Z—Osipix 3525 ""—g'-'? i' ? ? | Z
CoM. = = ’ 155 cooiocct1-e 606 )
D Y} 5 piiiiiilme o oM |
J=0" Pl obotelebebels - S I
) R X_,
1 1 1 1 1
A A
—05]
’ o000 z
> sp — e
=0 'Ld
COMZ_ 2:32 o000 Y
=0

UNIVERSITY OF
MICHIGAN



R £ T ] £
eS u ItS g i'l'll:-l-l-lém-l-. : 8
- . . : 'S)
2 30 ]
n
2 — 10
: 5
Simulation used to =

determine correction for
center-of-mass of event to
true position

HE EH TSN OO

CCoM, = f(CoM,) . . g T
~5Q bl L
~50-40 -30-20-10 0 10 20 30 40 50 50 -40 -30 -20 -10 0 10 20 30 40 50
CoM value (mm) CoM value (mm)
-30 mm 30 mm
A : : Reason for
Z N E—_— 35 mm Fiducial region: z-offset
' ' X: =27 to 27 mm :
' 1 Y: -27 to 27 mm .
Z:-30to 40 mm
X > - -' ------ ’- - -35 mm

NISH M

UNIVERSITY OF
MICHIGAN

National Nuclear Security Administration




1600 : : : : ;
1400:_ ............ .............................. .............................. .............................. ............... + X e

1200:_ ........... .............................. ........................ ¢¢i¢¢¢ ........... ............... + Y e
1000:_ ............ .............................. ¢'¢)¢ ......................... ............... -+- Z e

Bool A— R T -

Counts

Results

e S B— B T -
Reconstruction of event = : : . :

vertex using corrected
CoM method

4001 TR N _

200 ............................ ,,,,,,,,,, o e 2 - ﬁ ............................ ,,,,,,,,,,,,,,

CoM reconstruction (mm)

Mean reconstruction error

« Small pulses (10000 % 3 1OOO_+++ ............... SN S WO W N — ? Small pulses
1000 photons/pulse): T o 111 Large puises |
R A AN AN AN AR SRS SRS SO SO
7.4 mm S T S B A R gl

* Large pulses (20000 + s00l- - + ........... R ............... ............... ............... ................ ...............

2000 photons/pulse): -
4.4 mm 400 = + ...... — — ............. .............. .............

Position reconstruction error (mm)

200[

—

1 1 1 1 1 1 1 1 i 1 1 1 i 1 I 1 ﬁ‘-‘——‘ —I—‘ — I L L 1 I 1 1 1
O 2 4 6 8 1 0 1 2 1 4 1 6 1 8 20 0 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Position reconstruction error (mm) =10 0 10 20 30 40
Distance from center of detector (mm)

&) | NYSH »

National Nuclear Security Administration UNIVERSITY OF

MICHIGAN




PennState BROOKHFIAUEN

NATIONAL LABORATORY

Relevance and Impact

- Wide range of applications relevant to the NNSA mission L QU D ‘
» Muon scattering tomography for fuel cask monitoring

» Dual-particle (neutron and gamma-ray) imaging for treaty verification,
SNM detection, and radiological terror prevention

« Compact, surface-level monitoring of reactor anti-neutrinos for
nonproliferation

» Collaborations
* Penn State University (Garrett Wendel and Doug Cowen) E E —
» Brookhaven National Laboratory (Minfang Yeh and Richard Rosero) Er

.

 LiquidO Consortium (international group including members from France,
the UK, Spain, ltaly, Japan, and more)
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» Potential future collaborations RS R See e e

« Oak Ridge National Laboratory / Air Force Institute of Technology:
opaque plastics

« West Point / DTRA: Opaque dual-particle imaging prototype
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Conclusion and Future Work
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MAPMT Calibration
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