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...in particular quite recently...
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[ Robotic inspection system in radioactive environment ]
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[ Proximity Imaging Scanner for Sort and Segregate Operations ]

128 x 1cm? Csl(TIl) scintillators +

128 6mm x 6mm Hamamatsu SiPM
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INFN : What is a SiPM? |
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The model ]

we modeled LL/ -

« 2 geometries: cube, cylinder

e 2 SiPMs 6mm x 6mm:
e SensL MICROFC-60035-SMT

. Hamamatsu S14160-6050HS e —
- 5 crystal types: L E
. Csl(TI) 3 §
« LaBr3(Ce) 2
 CeBr3 )
&
- Nal(TI)

3.81cm (1.5")
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weighted the PDE with the light emission spectrum ]
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Simple naive model for the light collection efficiency ]

No geometry considered

Photon produced inside hits the inner surface P, =c¢

Assume it hits the SiPM with probability £ equal to the area ratio P, = 8(1 - 5)7”
P; = e[(1 - &)r]?

Otherwise it is reflected (r) or absorbed (7 -r)

P, = probability of collection after 1 step

P, =¢e[(1 - e)r]™ 1

P= B=y e(1-enl"t=¢ 1 -0 =or]”

P, = probability of collection after n steps

1—-(1—-9)r

[ Light collection efficiency P = overall collection probability ]

l P calculated for r = 0.9 to 1.0, step = 0.01 ]
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Cross-check with a GEANT4 Monte Carlo model ]

.

Lambertian inner (white) surface reflection (distributed as cosd)

10° photons were generated and tracked in each run

11 runs in cubic geometry (r = 0.9 to 1.0, step=0.01)

11 runs in cylindrical geometry (r = 0.9 to 1.0, step = 0.01)

| Light collection efficiency P = n. of photons on the SiPM / 10 ]
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Multiple hit effect on SiPM? |

q photons ] | impinge on a SiPM with m microcells J | and photon detection efficiency p J | trigger f hits J
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exploit the notable limit

 follow the time evolution

f(@) =ml1—e™m

* in 5ns steps
perfect approximation ] “-

+ disable the triggered cells

* during their recharge time
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l Response linearity: R? from linear fit ]
V
R2
CsI(TI) + SensL 1.000
perfect
CsI(Tl) + Hamamatsu 0.999
LaBr3(Ce) + SensL .
(Ce) unsuited
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CeBr3 + SensL 0.954 .
unsuited

CeBr3 + Hamamatsu | 0.878
BGO + SensL 1.000

BGO + Hamamatsu 1.000
Nal + SensL 0.998

Nal + Hamamatsu 0.995

linear but poor light yield

reasonable

0.85 0.9 0.95 1

2" Symposium on New Trends in Nuclear and Medical Physics Krakow, 24-26 Sep 2025 Miniature Scintillating Detectors and SiPMs: a brief Summary and a few Applications P.Finocchiaro 26




INFN

" INS

CLEANDEM

10 f

101

Counts [%]

102

Csl cube + SensL

— 60Co
— 137Csg
— 2Na
__ 226Rg

10

2000

1500

1000

Light SensL [a.u.]

500

500 1000 1500

Energy [keV]
O calibration data 0
O not included in calibration "El’
| ----linear fit o
Csl cube + SensL 6
AN J
i pomgaf Y
L ‘0"
= ,‘06
I P
‘B&
0 500 1000 1500 2000 2500
Energy [keV]

Counts [%]

PIi350

10 ¢

10'15

10-2 E

Csl cube + Hamamatsu

— 8Co
— 137Cg

Light Hamamatsu [a.u.]

2000

-
wn
o
o

1000

500

500 1000

2000 2500
Energy [keV]
© Calibration data »
O not included in calibration /’/D
L [ -—--linear fit ‘,/" o
Csl cube + Hamamatsu ’o"/
N y
A ?
o
i ’90
‘,.O
L e
0 500 1000 1500 2000 2500
Energy [keV]

is one SiPM + CsI(TI)
cube non-linear?

Not really, likely it is
CsI(Tl) non-linearity )

also reported by

other authors

2" Symposium on New Trends in Nuclear and Medical Physics

Krakow, 24-26 Sep 2025

Miniature Scintillating Detectors and SiPMs: a brief Summary and a few Applications

P.Finocchiaro

27




Residuals I
CLEANDEM PI3SO
8 = 4
6 O calibration data 3 O Calibration data
DOnot included in calibration O O not included in calibration
4 t 2 o
O o)
2 B
Tg [ o o - 1
S F 00 o & 3 o) o)
20F 97 %o 00 o 20 o e
o o o i © %%
2 F -1 O
4 [ P
6 F 3
_8 PR T T T T T N T T T T SN SH S S T S L _4 L o .
0 500 1000 1500 2000 2500 500 1000 1500 2000 2500
Energy [keV] Energy [keV]
SensL ] Hamamatsu ]

2" Symposium on New Trends in Nuclear and Medical Physics

Krakow, 24-26 Sep 2025

Miniature Scintillating Detectors and SiPMs: a brief Summary and a few Applications

P.Finocchiaro

28




Response linearity: R? from linear fit ]

o R?
Csl(Tl) + SensL

1.0000

CslI(Tl) + Hamamatsu

1.0000

LaBr3(Ce) + SensL
LaBr3(Ce) + Hamamatsu

perfect

very good, perfect E resolution

CeBr3 + SensL 0.9997 :
very good, perfect E resolution
CeBr3 + Hamamatsu 0.9995
BGO + SensL 1.0000 i .
perfect but poor light yield
BGO + Hamamatsu 1.0000
Nal + SensL 1.0000
perfect
Nal + Hamamatsu 1.0000
0.99
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Additional configurations investigated
behavior with LaBr3(Ce) and CeBr3

L]
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w 1
3.81cm (1.5")
2" Symposium on New Trends in Nuclear and Medical Physics Krakow, 24-26 Sep 2025 Miniature Scintillating Detectors and SiPMs: a brief Summary and a few Applications P.Finocchiaro 30




nmm)
nmm)

{ Summary ]

Model and tools developed to quickly evaluate the response of SiPM *

Studied possible non-linearity of SensL and Hamamatsu 6mm x 6mm SiPMs
when coupled to Csl(Tl), LaBr3(Ce), CeBr3, BGO, Nal, scintillators in

different geometries and in arrays

“- CslI(TI) is the best candidate for small crystal and single SiPM,
also good for bigger crystals

Il- Bigger crystals with 4 x 4 SiPM array perfect for LaBr3(Ce) and CeBr3
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