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1. Introduction of glass scintillator
2. Application for neutron/gamma detection

3. for neutron/gamma 1maging
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e No perfect scintillator material yet
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-- The Glass Scintillator Collaboration Group established in Oct.2021;

-- There are 3 Institutes of CAS, 5 Universitys, 3 Factorys join us for the R&D of GS;

-- The Experts of the GS in the University, Institute and Industry are still welcomed to join
(qgians@jihep.ac.cn). 4
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e High energy physics

e radiation detection
» X-ray, gamma, neutron

» dose, safety, rad protection
® 1maging

» X-ray, gamma, neutron

Test object

CCD camera array|  Scintillator X-ray beam

LLNL,large area neutron imager
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2. for neutron/gamma detection

e thermal neutron detection
» high fraction of L1/B/Gd

glass scintillator:

high fraction: Li, B, Gd
high density (6 g/cm3)
light yield (1100 ph/MeV)
resolution (<25%)
Li-glass: close to GS10/20

» acceptable light yield P e s R

e gamma detection
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» high density

e compare with GS10/GS20 :
» similar thermal neutron efficiency °
» better gamma energy resolution :
» substitute of crystal for same case P1O'f)_;;-1-3_;0--;;)_;-;-0_;--1--;}_;;3_-6--;-5_-5-"1; el
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mono—energy neutron source
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Multi-mode neutron gamma detection

m CLYC(Cs,LiYCly) crystal

m by using ANN, realize

IEEE T Nucl Sci, 2023, 70, 2148
Nucl Instr Meth A, 2023, 1055, 168561

complex radiation field, safety

thermal neutron detection, °Li(n,t)a

n/g PSD FOM>2, piled FOM>1.1@3E6cps

n/y pulses
fast neutron spectrum, 33Cl(n,p), ER

15%, efficiency, ~ 0.1%

gamma ER, ~5%@662 keV a0
discrim of Li(n,t), CI(n,p), 95% acc |

Neutron Energy (MeV)

Nucl Instr Meth A, 2023, 1055, 168533
Nucl Instr Meth A, 2022, 1028, 166328

E_(n,p) vs En

True label
©

Discrim of
reaction
channe}




3.neutron imager

e based on lithium glass
» 2D/3D array, thermal neutron, gamma
» energy, position, imaging
» readout by SiPM array
» MURA encoding board

e contents
» design (optical simulation)
» electronics, ASIC
» algorithm, ANN
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schemitic of the neutron/gamma imager | 23°

e scintillator

» lithium glass, 3mm
» GAGG, 10mm

» mono-block, easy to manufact

e photoelectric device
» S1PM, 3mm+0.2mm gap
» 8 X8 array, 25 X25mm?

e clectronics
> ASIC+ADCH+FPGA

10
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Geantd MC simulation °er

e optical simulation by G4
» full detector setup (glass + SiPM)
» physics: FTFP_ BERT HP + G4Optical
» photon transport, SIPM photon-electric effi
» Output, PE of 64 SiPMs

hit

e condition
» various injected position

» obtain 2D PE image of SiPM array

» test position reconstruction algorithm

11



position reconstruction

e using S1PM 2D array

e algorithm

nfire_1

nnnnnnn
ssssssssssss

hit numbers, 4-64, get x/y seperately

Mo, o

maximum value(MAX)
center of mass(CoM), get CoM from 8*8 array
Regional CoM(RCoM), CoM near the maximum region(-3, 3)

fitting method(FIT), exponential function, obtain cross-points on 2
sides
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position reconstruction accuracy
for center area (0, 3.2mm)

e accuracy (mean value)

>

RCoM, FIT better, linear,
largest deviation 0.2mm

CoM, good linear ability, large
offset on boundary ~ 0.5mm

MAX, lost resolution
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spatial resolution

o9 e
o0
for center area(0, 3.2mm) °
hposx_f15_0
e resolution (sigma, RMS) T
~ RCoM, FIT, about 0.25mm |

» CoM, about 0.1mm, but large offset
» MAX, 1.5mm, bad )
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results for full area(same to gs) | 22¢
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e input range (-12.5mm, 12.5mm)

‘\;

>

\;

output FOV small, RCoM (-10,10) 64%, CoM (-8.5,8.5) 46%

g1_hitx

FIT not usable for boundary, half side

1%»—%

MAX method lost resolution

need new algorithm




method for boundary area

e problem

» only half side information

» how to reconstruct dx using the curve

e method

» dx -> decrease velocity dx

» fast velocity, large dx

» obtain calibration function, width 0.15mm

» constructed maximum error 0.25mm

3 :— %2/ ndf 19.59 / 3945

F p0 —0.2921+0.01907
-y pi 0.09057 +0.02017
=l p2 0.3891+ 0.005046

hhalf_lefty f25

hhalf_Tefty f25 B2
Entries. 1932 2
Mean 3065 C
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reso_xd

e modified RCoM
» center, RCoM
» boundary, modified with dx

e results

reso_y4

» more correct than RCoM
» 2nd ring problem (need consider)

» sigma became bad, ~0.6mm

- 1 53 [T n » N =

offset

hper_xy_0 hpem_xy_1 hpem_xy_2 hpem_xy_3 hpem_xy_4

.
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Regional CoM

FIT Modified RCoM



gamma imager for Cs137

e (lass, low photon-electric CS, none full energy peak

» detectioin efficiency ~6% (5 keV threshold) —F=
» cal E using compton edge S U
e cffect of compton scatter w

» position accuray lmm

» sigma Imm
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summary of analytical algorithm

e 5 methods

Modified Regional Center of Mass, best, easy, fast
FIT method good, time consuming

CoM, low FOV, best sigma (reduce noise fluctation)

VGRS
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MAX, lost resolution, quick

e problem: injected inside the gap of SiPMs

equal PE for 2 nearly S1iPM in theory
large impact for fluctation

obtain two peaks, make resolution bad

g1_hitx




model accuracy

e 2\l

reconstruction using ANN o R
center area (0, 3.2mm) o] —

e fully connected network
» dataset, 2,000,000
pos (0,3.2) with 0.1mm step

very good performance
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accuracy, 0.06mm "
precision, 0.12mm i
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reconstruction using ANN
full range (-12.5mm, 12.5mm) T

e fully connected network HE |
» accuracy, 0.2mm )] i
» precision, 0.2mm oeapneapmpen,  anepnmpsngad
» better than analytical method T EE T Eeoa
e very large dataset 1 - il =5
» 5,200,000 | Ta N

reso_x reso_y

21



GS20 imager
gamma reconstruction using ANN oo

e (Glass 3mm

» accuracy, 0.8mm

» precision(sigma), 0.7mm e )=
» FOV (-11, 11) T ]

n
Sdbey 02082

n
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e worse than neutron :

g % B B _E

» low energy deposition

» compton scattering, >1 interaction
points
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GAGG imager
gamma reconstruction using ANN oo
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GAGG imager
gamma reconstruction using ANN e

gpx_px apy_py
O —
¥ ndf 62.10/623 0= 2 I ndf 42.54 /623
PO -0.9935 £0.01264 F 4921 +0.01045
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i l

» precision(sigma), Imm

» 10mm thickness render resolution bad
» FOV (-10, 10), need further study
» detection efficiency higher: ~60%
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summary -

e glass scintillator have lots of application potential

e thermal neutron imager
» efficiency 96%, accuracy 0.3mm
» precision, center 0.3mm, boundary 0.6mm

» ANN method very effective, accuracy 0.2mm, precision 0.2mm, large
dataset

e gamma imager(Li glasstGAGG)
» accuracy Imm, precision Imm

» need further study

25



i | BODE A ETFAREF (7200 | 8¢
ThankS! iﬁr':_',l\ ﬁiﬁ.\ %-A}J\ _J_ﬂfl

/ ‘ NPE
7 DO\ AV,
" O
,,,,, 0 N
‘ “*a" ﬂ Nucl. Instr. Meth. B 418 (2018) 68-73
\ r 20 A T "/ 7 I:]
O~ SW2 Zzzz \\p Zuiziiz 72 :
@ 7 L & AW IJ ACC L]_
o/ 4 \uhi Ty
Control 2 P ks u
Room IBA st injector ]
/.
5,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

« 3MVEFIMNIESE, FFEH-UBYJLIERR

AET. BgEPhTF

PF. WRFL

I8 cs3oEiEmiEss
4 SENAYE

aamEs ElfkiammE

SRR EE
AR
SR I 1

o R FRRERSETER

«  FEEEIEMESES, p/d/o
«  HQ26MeV), a(30MeV), #J100pA
« FEMLRFIF. SER

26



