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What we are (were) trying to do?

* Specific goal: make a neutron scatter camera
both more efficient and more compact

* General goal: enable interaction-resolving
neutron detectors (distinguishing first
interaction, multiple interactions also
interesting for transmission imaging, coded

aperture imaging, multiplicity counting) back plane ' Neutron direction
constrained to
E,=1/2-m(d/TOF)’ DL cone surface

* Monolithic approach: resolve multiple
neutron interactions within a monolithic
scintillator volume using the arrival times and
locations of scintillation photons at the
surface of the scintillator

If successful:

* Spectroscopic
capability

* Good per-event
angular resolution

* High efficiency

 Compact form factor

* First prototype: uses MAPMTs and COTS
digitizers
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Prototype Approach

Data acquisition:

\/ « Use fast digitizers to
record photosensor

waveforms

Monolithic scintillator
volume

One
segment
Digitize e 58 o i
Segmented Segmented Store/Analyze
photosensor n photosensor 3 Analysis
* Extract PE number, locations, times
e Qutput to event reconstruction
1 Photosensors: ]
./« Position sensitive (multi anode) = 4 Event reconstruction
* Fast timing \/ * Maximize likelihood to identify

* Count single photoelectrons interaction positions, times

 Image double scatters
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The monolithic approach

Hamamatsu Scintillator
H12700 64- and PMTs
anode PMTs

4 CAEN V1742
32-channel,
5 GSs?, 12 bit
digitizers
(DRS-4 chip)

Dell 7920 16-
core
EJ-204 workstation +
scintillator CAEN A3818

(5 cm)3cube  optical interface -~
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Challenge 1: crosstalk
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Challenge 2: calibrations

_N Z )\Y A X
i i it o | 2 2
Experimental setup to measure single PE quantities n=0 : V270w +nwy |
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~10 phOtonS/ pulse dlstrlbutlon 2 I ! '
= Wi ex
A= D D T W, = width of zero p TET
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optica X, i pos!t!on of 0 pe
. Ne_ltJtrfa__llt fiber X, = position of 1 pe
ensiy Titer Ax = bin width
%1400;_ 2/ ndf= 164790
- m 5 +0.
81200 an T e ,
1000F- ) 1089 £10 2 O pe
- x_1 595.9 + 9.8 o :NA 1+ +aNT
800 yo 7758 +62.8 Upe
600 _
400 Single anode response N, = number of pe in an anode
200 N, = total number of pe in a
N T L single PMT
0 500 1000 1500 2000 2500 3000 Ope =W,
.0O. (channel) U =x
pe
o = x-talk contribution
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Challenge 3: uncertainty 20- '1
. - 9
| a 15 '8
We need accurate errors on anodes with “no” PEs o - 7
g 10 6
We isolated pixels where there is little to no direct < - —5
signal (mostly crosstalk) and see how it scales with © 5 —4
the number of PE o1 L 02 03 S s 2 - i -k
8 9 10 11 12 13 14 15 _g O:_ ;:ﬁ’-‘j%;? '.;.l 2
Event selection (Units in mMmM): ., = % 2 2 % w0 a - - 1
* 2>-5&z<5 = b R 0 50 100 150 200 250 300 °
* x>16 & x<21 40 41 42 43 44 45 46 47 Summed (PE)
° (pmtb_rlpmtb) > 4 48 49 50 51 52 53 54 55 1
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— - 0.04383 + 0.0005198
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S 06
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Challenge 4: reflections

Approach: Geant4 to simulate a few positions CaoElliil .
with high accuracy to reproduce data '

Use simulation results to build an analytical
response model including reflections

Calculate probability of a photon emitted from a
voxel, I, being detected at an anode, J, for n
number of reflections

e . . 0.8 [~ Analytical
—_— % z I g S — E H t
P, ;. =QE;e "R} R\ R, dQIF) g Comerimen
S 06 Tune parameters

Voxel size: 1 mm? ( voxels) o g tomatchdata

i : = 0 45— Best fit values were 52%
Fit hit pattern with 4 (8 for dou.ble) free parameters (X, E E PMT reflectivity with a
y, z, and number of photons), interpolating the 0-35— | fixed reflectivity of 0.3%
response between precalculated mesh points 0.2 on the non-PMT sides

20 10 0 10 20
X Position (mm)
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Challenge 5: after-pulsing

Hv =-1400V

Long electron orbits give pulses that look much
like a second interaction for about 10% of pulses

Study to evaluate the time dependence of PMT PMT1

anode signals originating from scintillation light
from scattering events in the 52 mm X 52 mm X
52 mm cube of EJ-204

§-204

Scintillation pulses were induced by 662 keV
gamma rays from a 137Cs source and coincident
waveforms were recorded by a Rhode and

PMT 2

HV =-1100V | |

Digitizing oscilloscope

o O
o O
9900

Schwarz RTO 1024 2 GHz 10GSs- digitizing
oscilloscope.
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We reconstructed single-site events

A

* Collimated ***Ba beam E  15F ot | 01 00006622
* Single-site event fit < 10 ' 1 >
* 10 data sets of 1000 events B /
* Fit: Reduced x2(ROOT E _gi

Minuit2) 4 free parameters % _10E e

seeded with “best fit” voxel é _15F /@

—20E 4"

S 20 15-10 <=5 0 5 10 15 20
137Cs energy reconstruction is in good agreement True x (mm)

with the scintillation properties of EJ-204

hPhoton
F Entries 20222
70:_ .hPhoton ::%"m I\Sntzagev gzgg::g:
3 W = & Y
- e Reconstructed 107 My
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Ei PR T jmm_bmm piihle debip nopus &, . ww o+ I g_
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Moving on to double-site events £ >10 MeV in cube. .o Seater

dep position
. . > i = il
1) Select and record data enriched in double scatters Eqep>1 MeViin scatter | |
detector ‘
" S\ 3 SE * 5 0 6: E h1NTracks
o D e +? b 4 —_ 0 ntries 144
toe 2 i e BT | Source
R = E ) L 0.5¢ |\ position
»“ 3 25? / E
2 B F 04? <
" i =+ simulated
e el 0.35 simulate
[ _»:Anlll i § 15_ E C beh
Yo, 5 = ) ETPRRN 0'2;_ . T pFition
T 205 o EasEreosojsnto) 0.1 L
0—."..J....\....|..Hl..‘.1“.‘|...‘m.‘.l..'mx...\ C § ‘ ‘B
0 10 20 30 40 50 60 70 80 90 T T R e A ! |
First Scatter Angle (degrees) Number of proton recoils in Det0
2) Reconstruct events as both single and
double hits and select those with better “fitted” 2 40
result 2.5 G
i P0=0.14 § o5 | |
of P1=0.72 g 2(% ‘w “
Reduced x? calculation i 2 12@1 i M |
on simulated 2-site & sed LI e o
. . 0 20 40 60 80 100 120
events with single and ATPEFRIITEAET
double site algorithm 3) Check that everything agrees
(reconstructed energy, distance between
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Current results

Single-site position
reconstruction was successful,
reconstructing both the number
of photons emitted and (x,y,z)
Developed a model which
includes reflections at the
boundaries and achieved good
agreement to single-site
experimental data
* Uncertainty quantification of
recorded hit distributions for
individual anodes was
calculated accounting for
observed crosstalk in the optical
sensor
* Double-site fitting algorithm was
applied to enriched neutron
double interaction site data
* Preliminary results indicate that
our method works for the right
2-site data, but also will “work”
for data that are not true 2-site
events
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