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Optical Simulation of single scintillating glass tile
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Cosmic ray measurements : setup

e Scintillating glass: #7

S — e 4.5x4,5x3.5mm?3, ESR wrapping
sanilatngglass o SIPM: $13360-6025PE(HPK)
ﬂ'\ﬂ e 6x6 mm?, 25um pixel pitch
P::‘:f\'/lc scintillator e Bias voltage: 57.57V
4  Coincidence with two plastic scintillator(1x1 cm?)
u- PCB

Entries 10000

; Mean 186.8

300 | std Dev 74.7
Underflow 554

: : : : Overflow 7

Prob 0.503

: : : Constant 276.3+4.5

Sigma 20.54 £ 0.31
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Optical simulation: setup in Geant4

e Geometry setup
e Scintillating glass(4.5x4.5x3.5mm?3, ESR wrapping)
e Coupling agent: Air 1GeV mu-
e SiPM(6x6 mm?)

* Properties of scintillating glass
e Component: 255i0, — 30B,05 — 10Al,0; — 34Gd,04: 1Ce*
 Density: 4.94 g/cm?3

. . Transmission spectrum ) emission spectrum
e Refractive index: 1.67 o -
* Transmission: 63% . /_,\, N\

. Emission peak: 394nm - - \
* Lightyield: 881 ph/MeV | |

20 E: 60000 ::::
(Based on the data of the o . K
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measurements by Zhehao Hua) e T T
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MIP response: measurements vs simulation

Number

[ measurements J

Charge Hist Scaled ChA

[ simulation J

Detected Photon

h2

Entries 10000

Mean 45.31

Std Dev 14.39

X2 / ndf 42.06/22

Prob 0.006155
|_Constant 2621 +45.6
[MPV 40.38 =0.14 ||

Sigma 3.7 0.1

/

Detected photons at
SiPM: 40 p.e./MIP

H-Lr—J._J__ILI_.-L\IJIIJ

Entries -
L Mean =
= /\ Std Dev 4501
S0 Underflow =
- Overflow 400—
N %2/ ndf 13.61/16 =
40~ Prob 0.6277 350~
- Constant 306.2 +28.0 3002_
- MPV 273.8 £ 3.3 -
30- ' //Slgma 19.19 + 1.65 250
2oim B ) » 200
B Detected photons at 1EF-
= HU SiPM: 273 p.e./MIP -
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MIP response: measurements vs simulation

e Add bubbles to the simulation
e Adjust light attenuation length(50LAL) and roughness(0.0001)

Number

[ measurements J

Charge_Hist_Scaled_ChA

Entries 474
C Mean 244.6
- /\ Std Dev 124.3
50 - Underflow 0
C Overflow 0
- %2/ ndf 13.61/16
40— Prob 0.6277
- Constant 306.2 £ 28.0
L MPV 273.8+3.3
30 ' / Sigma 19.19 £+ 1.65
20| ) s /
- Detected photons at
= HU SiPM: 273 p.e./MIP
10 = =
N Lk%ﬁ
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h2
16001~ Entries 10000
C Mean 302.6
1400 — Std Dev 84.09
- X2/ ndf 34.27 /9
12001— Prob 8.008e-05
C |_ Constant 8993 £147.2
B MPV 261.1+0.4 ||
1000 2 il
000; Sigma 15.82 £0.25
800
600—
- Detected photons at
400 i SiPM: 261 p.e./MIP
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Optical simulation: vary tile length

e 50LAL, roughness = 0.0001
e With bubbles
e Tile thick =0.3cm

200 -
A
160:
140:

120/~ \

100

Detected Photons
[T

|
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Tile Length(cm)
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Part 11

Simulation of scintillating glass for HCAL
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Impact of sampling ratio

Fixed nuclear interaction length
e Scintillating Glass: A=22.437cm, Steel: A=16.945cm

Incident particle: kaonOL(1-100GeV)
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Energy Resolution

+ GlassThick=0.01A,

T ick=!
+ GlassThick=0.11A,

+ GlassThick=0.02A,

GlassThick=0.03A,
__Il__ GlassThick=0.04A,
I GlassThick=0.05A,

=
+ GlassThick=0.06A,
417 GlassThick=0.07A,
+ GlassThick=0.08A,
GlassThick=0.09A,

GlassThick=0.10A,

GlassThick=0.12A,

%SE% ®4.03%, Xndf=14.11/9
%’*E_E’li ®3.76%, yIndi=4.38/9
3%%31“ ®2.72%, yindi=15.02/9
&E& ® 2.94%, x¥/ndf=24.38/9
E"SEO“_A ® 3.18%, X*/ndt=28.87/9
2_3‘,7ESL ® 2.94%, X¥/ndi=35.65/9
%%2& ®2.57%, ¥/ndf=29.27/9
%%7& @ 2.89%, Indi=43.59/9
%%22 ®2.89%, X/ndl=59.29/9
'l%‘".ﬁ ® 2.70%, Indi=64.36/9
%QES& @ 2.69%, ¥*/ndf=53.49/9

%QE‘"_/“ ®2.55%, y2/nd{=89.53/9

GlassThick=0.122278, ﬁ%ﬁ“—" ®2.46%, Y¥ndi=51.85//
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GlassThick=0.01A,

GlassThick=0.02A,
GlassThick=0.03A,
GlassThick=0.04A,
GlassThick=0.05A,
GlassThick=0.06A,
GlassThick=0.07A,
GlassThick=0.08A,
GlassThick=0.09A,

GlassThick=0.10A,

GlassThick=0.11A,

GlassThick=0.12A,

%“3_;"_& ® 4.15%, ndf-13.81/9
%%% ©4.34%, 2Indf=6.66/9
%‘%& @ 3.83%, 2/ndi=17.78/9
%TES& ® 3.70%, ¥*/ndf=11.06/9
%SE% @ 4.20%, ¥°/ndf=25.74/9
%QE% @ 3.86%, 2ndi=25.51/9
%.ﬁESl @ 3.70%, Yo/ndf=16.33/9
%‘%ﬂi ®4.13%, YP/ndi=34.41/9
%%‘L ®4.12%, ¥ind(=34.73/9
E%}i @ 4.08%, ¥*/ndf=18.49/9
1_77%5:/2 ®4.26%, Xindf=17.51/9

%7.:1 @ 3.98%, Y2/ndf=43.40/9

GlassThick=0.122278A, 12.37% @ 4.04%, y¥/ndf=28.17/
VE

Relative Difference in %
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Step profile: scintillating glass vs simple substance
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Step profile: scintillating glass vs simple substance

* Homogeneous
e 40*40*40mm3 cube
* Incident particle: 10 GeV, e-
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Step profile: scintillating glass vs simple substance

* Homogeneous
e 40*40*40mm3 cube
* Incident particle: 10 GeV, pi-

Scintillating Glass
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Step profile: scintillating glass vs simple substance

Homogeneous
40*40*40mm3 cube
Incident particle: 10 GeV, neutron

Scintillating Glass
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Step contribution: scintillating glass
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Step contribution: scintillating glass
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Step contribution: scintillating glass

* Homogeneous
e 40*40*40mm3 cube
* Incident particle: 10 GeV, pi-
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Step contribution: scintillating glass
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