The Status of R&D of the GS
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1. Borosilicate Glass (Gd-Al-  -Ce3*) [Hitareyiy
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2. Glass Ceramic (Gd-Y-K-Si-Ce3+)

About Glass Ceramic could be seen in these Ref.
(2021.07) Opt. Lett. (2021), 46(14), 3448;

(2021.11) J. Mater. Chem. C, 2021, 9, 17504; B Density~ 3.3 g/em? Density~3.3 g/cm?
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3. Check the test methode of Light Yield
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High Threshold to cut the
noice without the pedestal, short
time for data acquication.
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4. Borosilicate Glass (Gd-Al-  -Ce3*)

B Density~4.5 g/cm3 B Density~4.0 g/cm? B Density~6.0 g/cm3 Density~6.0 g/cm3

B LY=802 ph/MeV B LY>1200 ph/MeV B LY>1000 ph/MeV LY>1200 ph/MeV

B ER=26.77% B ER=23.22% B ER=49.55% ER=25.2% JGSU

a7 £ E 1261 PJ!/M"V ~BGO

3 JGSU | .. % oo CILU - — JGS-60
: W%' : ] 1\ | |
3 ‘ 4 - i %
- 2 1 5

" o6o oo 1000 Boso0’ 25000 3ooos dsoos o0 ol l',oo""}"" jooomiﬂgoo;,o

e
8|l
BCE ¥k

-—:
Bl
A Ve M
1)

(2022.05)Opt. Mater. 2022(130): 112585

i 5 TR ' e




5. Target of Glass Scintillator

Key parameters
» Tile size
» Tile thickness
» Density
» Intrinsic light yield
» Transmittance
» MIP light yield

» Energy threshold

» Scintillation decay
time

» Emission spectrum
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Value
~30 X 30 mm?
~10 mm
5-7 g/cm3
1000-2000 ph/MeV
~75%
~150 p.e./MIP

~0.1 MIP
~100 ns

Typically 350-600 nm

Remarks
Reference CALICE-AHCAL, granularity, number of channels
Energy resolution, Uniformity and MIP response

More compact HCAL structure with higher density

Higher intrinsic LY can tolerate lower transmittance

Needs further optimizations: e.g. SiPM-glass coupling

Higher light yield would help to achieve a lower threshold
Mitigation pile-up effects at CEPC Z-pole (91 GeV)

To match SiPM PDE and transmittance spectra



6. The Light Yield-—Cosmic Ray VS Gamma Ray

—— E 70— - Entries 1190 -l »E - I\E“n'cries 21‘31492 -I
= — Mean 1256 = 50 oo ........................ ean " ;
S13360-6025PE 60;— 3:22;\;\” ss.ﬁ; g GC Ew:d%:;l\;w 11a.§
] 503_ S?‘{ferr:l?w 59.76:’?[2) A0 il xgv.fend?w 59.73 /68 |
PCB = Prob 0.8B479 C F-‘rlul:\ 0.7525
40— Width 9.921x 0.994 iy | width 1318+ 1.44 |
i ; b El : Mo adde il
\ E- | GSma _ TVsas 104 F. o LoSEme  2ies:an]
coincidence E_ [ MP = 142.6 p.e. ] m:— i [ MP = 203.1 ;1?‘ ]
che L i - 2 " s o oo (S —
#1 0 100 200 300 400 500 600 e #3 400 600 800 -
§ 1:— . 22Na E”ﬂﬂ; | : - BGO
chp & os— —¥"Cs 0ol _ILY=3455 ph/MeV |l HEu e
s [ - ER=179
5 oo LY=1117 pMeV | "= s
- ER=35.80% ] ! o
. oall - 2 _ _14:5:£).E:j.\1|:\ 1.1

< Radiation source E g ol 3 |

@ = § 14 oy " -

g " 28 e ] | | R i L7 ¥ : -
.\g . =3 g’ O 066166605605 26000 2500036000 35000 40000 “45000%50000 120 140 160
‘Wg a E L ADC channel 3 L_ ADC channel
3 SIPM :F.rSample £ B Considering the density and thickness of the glasses, the MIP

" ; . g 5 o c o

= e — g response by the cosmic ray 1s consistent with the light yield of

: o
]

the glass scintillator by gamma ray.
MIP (p.e.) LY (ph/MeV) Thicknes (mm) Density (g/cm?) mip/(Thi*Den) LY/MIP
#1 143 1117 2.6 5.4 10.2 110
o #3 (GC) 203 3455 2 3.3 30.6 113 N




7.1 Summary

Glass scintillator of good Energy Resolution,

High Density and High Light Yield

6.0 g/cm3 & 1279 ph/MeV with 26%

@662keV —Gd-Al-B-Si-Ce3* glass
GS1 Gd-Al-B-Si-Ce™*

GS3 : GS2 Gd-Ga-B-Ce"
: GS3 Gd-Ba-Al-B-Si-Ce™ B Ultra-high density Tellurite Glass—6.6 g/cm3
: GS4 Gd-Al-Li-Si-Ce™*
GS2 ; GC Gd-K-Y-Si-Ce™* B High light yield Glass Ceramic—3500 ph/MeV
. : Density B Fast scintillating Decay Time—100 ns
GS1 : Light yield

Decay time B Large size Glass—42mm™*5 1mm™10mm

0.0 0.5 1.0 1.5 2.0
Target parameter




7.2 The Scintillator data

" Density Light yield Decay time Emission Price/1c.c
Typy Composition (g/cm?d) (ph/MeV) (ns) peak(nm) (RMB)
o Ce-doped high Gadolinium glass!'] 4.37 3460 522 431 ~10
Glass Scintillator
in Paper _ .
Ce-doped fluoride hafnium glass(? 6.0 2400 23.4 348 150
BC408I3] ~1.0 5120 2.1 425 60
Plastic Scintillator
BC418IM3] ~1.0 5360 1.4 391 80
GAGG:Cel4] 6.6 50000 50 560 2400
Crystal LYSO:Celd! 7.1 30000 40 420 1200
BGOle! 7.3 8000 300 480 800
Glass Scintillator for CEPC ? >6 >1000 <100 350-500 =
Stuaus of Glass Scintillator ? ~6 >1000 <800 350-500 ~?

[1] Struebing, C . Journal of the American Ceramic Society, 101(3). [2] Zou, W. Journal of Non-Crystalline Solids, 184(1), 84-92 . [3] Plastic Scintillators | Saint-Gobain Crystals. [4] Zhu, Y. Qian, S. Optical Materials, 105,
109964. [5] loannis, G. Nuclear Instruments & Methods in Physics Research. [6]Akapong Phunpueok, et al. Applied Mechanics and Materials, 2020,901:89-94.
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8. Next Plan

Gd-(Ba/Al)-B-Si -Ce3* glass will be the focus of future research.

* The glass scintillators were prepared repeatedly to ensure its performance stability;
» The properties of the glasses will be further improved through raw material purification;
* To reduce the scintillation decay time of the glasses (<100 ns);

* To produce the large size and mass preparation samples;

* Test the radiation resistance and mechanical properties of the glasses;

* Explore the structural properties of the glasses.
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Glass Scintillator Collaboration
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