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Abstract: Scintillation glasses have potential application in hadron calorimeter of circular electron positron collider

(CEPC) due to the advantages of simple preparation process, flexible and controllable size, and low cost. Among

them, Ce*" luminescent center doped scintillation glasses have better scintillation performance. Matrix glass can be

classified into oxide glass, halide glass, and glass-ceramic. According to the classification of different matrix

glasses, this paper focuses on the optical transmittance, light yield, decay time, and radiation resistance properties

of the Ce**-doped scintillation glasses. Moreover, we introduce and summarize the research progress at domestic,
foreign, and GS R&D Group. In view of the research status of different glasses, the methods for improving the glass
performance are discussed from two aspects of glass composition and preparation. Finally, the future research and

development directions of Ce*"-doped scintillation glasses are prospected.

Keywords: hadron calorimeter; scintillation glass; Ce* luminescent center; scintillation
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Table 1 Performance parameters of scintillation glass

24 Parameter Abbreviations
R Density Den.
RS Emission peak EP
i Quantum yield Qy
FEFCR G [A] Photoluminescence decay time PL DT
PRR R T ] Scintillation decay time Sc. DT
e Light yield LY
RELt /e Energy resolution ER

Power supply
B

sersene. ,;i)

24
~__f_§\v 3

Waveform digitizer

B 1 RArRHEAENK A4

Fig. 1 System of scintillation performance test
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yield, QY) Kl Ce™ ¥k B (138 Jin Se i K/, Ce™ e
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High energy photon absorption
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Fig. 2 The energy level transition mechanism of Ce* center
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SRARFTIMFRER DI (05 5 O EhERE™ . 708k,
B CaO M3 55 R I T &5 9 & G B FITE 19 PL
TR BRI, F X BRI R B
T AR RLPERE, X 5B PR OR M I
X FEEJEHF HBIA RL #% Z A S8R TP (Zy) £
SmAERE =R, SZHIL, C¥B 4% 30MgO-
20A1,05-50B,0; B B (Ce’ 43 4% ¥k & 43 51} 0.005%
0.01%. 0.1%. 1.0%. 10%) % P H A6 19 RL 1 fE
(B-2)", 4 Ce™ N 0.1% B, BEEEM QY 4 50%,
PL GEU T [ Bl 25 15 2k B /N (Be/IMIEH 2.3 ns).
TEX FRBMAE T, Ce RN 0.1% B B HE (1) & 55k
FEIREIR R, H RL RIS [ e/ ME R 7.0 ns.
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Ce™ 15 72 91415 10 1% &6 3% 38 19 % 7= %38 81 T 1800
ph/MeV. [ER}, MfITHEET CaF, 582X BaF, J5
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5) MINERPERE™ . B GFE L T 85%, DY
H Gd”' —Ce™' 1) BE 1 15 3 ORI 95%, Ce’'f PL
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H, Ce’ fEMIMR £L 3558 b 19 & $H%AE 360 nm~400 nm
BARAEEN, 5 H AT 35O RIS o £ 1
& (PMT). SiPM BEHRIIACR LRI A", X
SR N FRBE IR AE Gamma SFRIE T GRSk
g iR, AL F®REETF: DA
WO, La,0, ¥ HAEJRITE, & N RIS 1 % %
2) MAE FHRB/NILE,  Ce™ kL ;
3) 76 W R 5 % 38 b i i Gd,0,. GdF, H5]1 A Gd*,
S Gd™ —>Ce I REfLihimin , BEREHRE BB BE Y e r=
B, SCRTHG B ) B R
2.1.2 Ce" BZ:REMREETIE (S RF)

RERRER BB AE Tl Az 7 b B R i 2
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{14375 B 8 RIS ) 2R ARG 25 B L3, 1B 2R
+ Rt B BRAR B B L

M 2014 4EF] 2021 4F, Dormenev 2 A7 %t
Ce’" $B7% Si0,~Ba0-Gd,0,(DSB:Ce) Hi ¥ (S-1) 7E = fig
YEE R AT TIR AR SR, £2H
DSB:Ce B{ESTERES %L, DSB:Ce B FE 1% B ] LIk
F 4.2 glem’, KGHELE 430 nm . BEE RIS T2
MIRsE, BRI ET R, S Bt 2T,
T ROET=Ei N 2500 ph/MeV., B T 78 Gamma §1£& i
R TF R RAFHNFEPERESN, DSB:Ce 33 4 /R
HXHIRE T 7 1A BRI AR 71 . [, DSB:Ce 33
WA B r A A, L FR S DU (8] 90(45%)
ns, 400(55%) ns. T /= B LB R 4 0 R B8 P,
DSB:Ce 3% 88 i (4 470 55 B8 B8 7t 1] LA 7E Gamma 54k
MRFEEAR I T R PTHEZ KO Sk, B
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2016 4F-, Yanagida % A#R5E T Ce™ B2 34Li,0-

%2 Ce*¥HZems ik g3 oh M A A

Table 2 Performance parameters of Ce*"-doped borate glasses

Num Den./(glcm®) EP/nm QY/% PL DT/ns Sc. DT/ns LY/(ph/MeV) ER/%
B-1 3.8 400 42 36 / / /
B-2 / 360 50 334 27.2 / /
B-3 34 360 70.1 37.89 40.1, 270.8 1800 /
B-4 / 360 82 38 42,202 256 /
B-5 / 380 / 37.63 - / /
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5MgO-10ALOs-51Si0, B 5 (S-2) A INMR4FEDY 7
PL 63 FP 45 %) 390 nm A1 420 nm BFFT HER B4 %
PV, TMTE X IR T OWE$ 3 420 nm A0S &5 .
U B ISR PL QY AN A 2%, 1B HHR B it 5 s st 1)
(PL ZEU T[] 3 ns vs. RL FEWAT ] 3.5 ns) 151 d T HF
FEHHIGER, AN, 7ECE TP FIRIMR T, %I ES Y
FRFFEAR (700+£70) ph/n, FEELH KGR H PRI
fit. 2017 4F, Kang 25 A" $EH T—FhE Gd 1Y SiO~
LiF-AL,O;~GdBr,~1.3CeBr; 3 ¥ (S-3). 1 ¢, it
GdBr; U ES T Y ALO,, 4BES T GdBr, FI% &
1 10% B, BEESH R EAA 2.72 g/em’, SGr=4 ik
4317 ph/MeV, 662 keV T Y fig & 43 #E R N 15.6%.
24 GdBr, T2 HUL ALO, J&, BEIE 414> K 33.4Si0,-
33.3LiF-32.0GdBry—1.3CeBr;, B¥ 55 1 % & 15 2] 4.37
glem’, JeFEHIKIRA 3460 ph/MeV, e HE%E N
14.0%. W4, 1E0.122 MeV~1.33 MeV fE & TEFEIN,
2B RSP RE VLS B A AR AE G, A O A% DR R ok i [
£ 230 ns~690 ns Z [H] . XKW, FHEAY ALY
Ak R 6 DA MR 3 3 EL A B () 35 ST RN R P R

AR, TR ER RN ThE G, ok
LLREFRIFIRTGE C B2 AR RERRER B S AN
KRPERE. 2019 4F, Isokawa 25 ABFFT T xCe B4 (20-
x)Y,05-20A1,0;-60Si0,(x=0, 0.03, 0.10, 0.30, 1.00)
BEHE (S-4) B INKRIERED . BEHE 1935 13 SRl 80%,
K HPEEA] EAE 410 nm [T, PL QY i5E] T 20%. 7
A, BRI NIRRT R R Ce™ 1B 440k B 3 fin S
WERJG /N (x=0.1, PL U] 37 ns, (AR HT
] 109 ns). Dosovitskiy %5 A45%T T xCe’ 4% Gd,0.-
ALO;-SiO, BY 8§ (x= 2.16% . 3.25%. 4.81%. 5.81%)
(0 N R PERE (S-5)". T AT Bl BB i 11 2% B2 #0 7E 4.5
glem’ Ze A7, KHHEAE 430 nm BT, BEE Ce’ IR
KN, BEES U R B ETEN, x = 581, e
B 2000 ph/MeV,  HINEREEIRETE] R 93(62%) s,
317(38%) ns.

13 PR AT AT R — L UL Ce’ B Rk RA R Y
ITERESRL. R THEZHESEICENBA, R
TSR IR R B T S 1 B, (AR BEES Y QY
KA B TR OGAERE R X SERERRER N HRBY
T 1) B B AE 410 nm~440 nm JEEP, X AEMS
U VE T PMT 5 SiPM JGHERIMNGE B, A F T I
SRBERE OSBRI . 30k, RERRERB RS L= 8 i
OGP AT LU 4000 ppMeV U I, Ce¥iB
JR e IR £ B 5 1 1 RE ) B ATUA B 6 I (4 17 TR 5
(FJR S f 2 6 % 395 110 88 B RO P B AR AN 5
R R . ke BRI, T RAALLR
WA T 1) M w2 B i = Ak
REASBE B HIREE , Wb R ALO, ST, M
PRI AR 2) INAE RS Ce™H
WRICE, Wk Ce TN RIARMIYE, 2D
)06 7 A 3) $2 T GAZE LI o, R
Gd'—Ce™ MRER LB RCR, BEREHR = BB A =4,
SOATHE NG B
2.1.3 Ce" BRI TIHE (BS R3)

L) B,O, i1 Si0, Hy W 25 T B A4S 1 i ik i ek 3 3355 2L
AR/ RE, Bt iR, Be
A B2 AL S e R AR B T BLO; BB S TP
Z M Si0, NRETE MBI Ak . AL TP B
I8, KRR SR D IR L R N A R

Parker % A IF 58 T Ce’'# 2% Si0,-B,0,~Al,0,—
Gd,0, R 5B 8 (BS-1)™. i M A Ga,0, fl GeO,
RSB, R 5.5 glem’s @ AH
MBI EREY, AREETH T B30 N BRI RE
{EIZ 3% B8 323 K A DA R S s s ] (>400 ns) BRI T 78 &5
REMVHL BV . 2016 4F, Zuo % Al % T Ce’'$8
7% Li,0-BaO-La,0,~AL,0,-B,0,-Si0, 3} ¥ (BS-2)"",
HABEALE 3.8 g/lem™~4.0 g/em® Z[A], 24 B,0,/Si0, L&
Ws/INES DY & SR R R, R SR AT
o 337 nm KT, BEIS AU LB [E] Y 26.6 ns, &

A3 Ce™ 5 4eatmh ok ey b s S s

Table 3 Performance parameters of Ce**-doped silicate glasses

Num. Den./(g/cm®) EP/nm QY/% PL DT/ns Sc. DT/ns LY/(ph/MeV) ER/%
S-1 4.2 430 / 43.9,73.8 90.8, 415.6 2500 /
S-2 / 420 2 3 3.5 700 /
S-3 4.4 431 / / 522 3460 14
S-4 / 410 20 38.1 109 / /
S-5 4.5 430 / 44, 89 93, 317 2000 /
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Ce’IEE R R RIC K . 2018 4F, Isokawa % AR
ET xCe'# 24 25Li,0-50B,0,-25Si0,3% ¥ (x=0.01
mol%. 0.03mol%. 0.10 mol% . 0.30 mol%) 7£ (BS-
3) % i S 5 v g R Y, e B 2 e B Ry 0.03
mol% f, PL QY 4 9.3%, PL %y i} 7]~ 31.6 ns.
MTE X SFRBOE T, BEIAY K& SRRl Ce’ vk 3
PTG, A AR S s s ] B 22 s/ . 2020 4F
Jacobsohn % AWF 59X T & A Sb,0,. SnO, 5% P,05 1Y
Ce’' B2 Si0,-B,0,-Na,0-MgO I ¥ (BS-4) H [A 4k 1
BED, BRI 2.6 glem’, R ETIETE 380 nm Ff
I, PL IR A])7E 36 ns~40 ns JUFEIN . X SR AL
T, JIA SnO, Fl Sb,05 1) 3 385 & 55 it 5 1 ek 55
M P,Os 145 A RERS I INBE RS 5B 1L %, Wb Ce™ )
F AT, 3 TS 5 DR MR 1) RO BE

A TS B MMRERRER B S M RES:
. BT B0, fl SiO, iE R AT Z M ELJRILE,
AP TE R BEBERSTE 2 g/om’~6 g/om’ R 5 A I 5 .
[FIEST, SRR A ST I B B P ZE BT A o EE:,
H A Ce™ B MEERRTR B BE M6~ . INMRIEREIRAR A
HAE, Wi, PTDAMNDIFREEF: ) INAREHE
IRIZEHEIR, PREBEERE, 11 Ga,05. ZnO 4%
2) % Ce™ WA, (iR FI A N MR g 5
3) MAGE R, WCBEIE <, e
(IZE I, NSO ™ AN e 7 E
2.1.4 Ce" BZHAE YT

S eIt =Rt/ 3 KB 5% 33 AN )
FEREFRE PN | AR IS IR TR AR IS 4G . BEIRER
PR —Fh HA P-O BEAURAR L AT S 00 Ak W B
B, S R L IURE R SR R R LR B 3 AR A
BEHEARIREE (T,), PReAE Tl o A v A S A b fos
(AR Ak 2R PR 2E , JF HAE W AR T
YEFAE N Z2IBR M . MR IREL . BMREh i S E A 1
KROVERE, BRI, f Ce™ PRk n Ak
B o

2017 4, Hirano 58 A B 98 T Ce $8 4% 30Zn,
(PO,),-70AI(PO,); B 55 (1 N MR RES . B3 1) % B A
2.71 g/em™~2.76 g/em’ Z [i] . BEEE A & G4 440 nm
BT, 24 Ce™HeEE N 0.3 mol% I, PL QY A 33%,
PL FEJkAT[RIAE 20 ns~24 ns JEHIN . 7 X FLBA T,
BEEEAEAE 330 nm Fl 440 nm A& %, R E R T
Ce Pk, Jo#H B THIITM LG, INRE
JFIE]N 31 ns~35 ns. [A4E, Masai % Al T Ce™
B4 25ALO,~75P,0, BEHE, Bl Ce MR IR,
PRSI T RCRIBEEI K, 2 60%., TF X S
KV, BEESRIREAAE PRS0 Ce™ Bk s
FEF A KOG, 2020 4F,  Shiratori 25 AWF5Y T Ce™ B
Z% 30Rb,0-30BaO-10A1,0,~30P,0, BEIE IR HES
BB & BHIEEAE 400 nm 2245, fess PL QY 290 20%.
PL %2 5 I (6] B B Ce™ Vi JBE (1% 398 0 i 340 34 B 1K, 7
33.5ns~25.8 ns YW N . X LA, BB FAER
I 300 nm~500 nm i A9 58 & G, DR MR 3 0[]
4 29.4 ns~34.8 ns, iAh, HILMNA T B HE B AR
P, 2msJ5 0.1%., 0.5%. 1.0% F1 5.0% Ce’ B2 B
BB E-43 50 0.13% . 0.26% . 0.17% Fi10.04%,
S£55 1) Nal: Tl & HH4 .

WAE 2014 4%, JERIL 2= PO B2 B A il 45 T
Ce’' B2 Gd,0,-B,0:-GeO, [N 43 55 i Si;N,
WIRBEE Y Ce*, HAE ] LIAR] 5.7 gem’, @it
iRt 80%. FF 433 nm FL T, BEESAY PL
[BI7E 25 ns A2 A7 o TRV, HLBR #5987 Ce’'$B 42
25B,0,-40Ge0,—14Gd,0,—(20-x)BaO—xBaF, 3§ 1 1) |4
RRPERED . BYESREAE 4.7 g/em’ o4y . WIE R
BaF, Ut BaO, BYIETE X Sk T aysmERT T
2.5 1%,

2.2 Ce B m it M

AW B3 72 LR AL W s 1 R 2 28 0E i
RIIBE . KA IBOEPT S RAL, Aldt, ZHE
JFBIIAR R . AR, W92 R B 3

k4 Ce¥¥Hemntns th g% e M AL A%

Table 4 Performance parameters of Ce*-doped borosilicate glasses

Num. Den. /(g/lcm®) EP/nm QY/% PL DT/ns Sc DT/ns ER/%
BS-1 49 420 / / 400 /
BS-2 3.9 403 / 26.6 / /
BS-3 / 350 8 30.8 64 /
BS-4 2.4 368 / 40 / /
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SIVERE, AR TR R B INRERE . Ik, Ce™
B 2% 0 AW Bl 38 S A ok Az 1) At L T e
It BRI B R FRE R, PO HERR N
R AR AL . Rk . HRbAR . A —
SE TR, X S R AR TH PR 25 J Tk 4 B B8 A 107 P
il 5%

AR SERRIE R, PEAL Tl K2 8 T 385 A9
T Ce’'#82% HIF,~YbF,~PbF,—ZnF,~BaF, 3¢5 (H-1)!"",
PEHE R KRB EEIA R T 6.9 glem’, Ik R85 A5 R B AE
300 °C ifv. IFH, HEARRIOEEEDR . mHY
SHMEUE PR AR = TSR . R, B
() R AFHIEEAE 340 nm fHifE, FRPOERE T T BGO
r R, T B 3 1 5 ek [R] R AE 20 ns~30 ns Z (7] .
[F]HF, Dafinei iff9% T Ce* #5724 ZrF,~BaF,~NaF—LaF,—
ThF,~YF—AIF, 373 (HFG:Ce) 76 KB i RE R fE RS T 1Y
MRS (H-2) BT BRI INIRIERE, X35 R
FEA B 0 B4R M RR R, R R g8 0 0 R 1S
kGy~2.0 kGy JLFIN .

2018 4F, 3 FEANN BE Tk 24 20 AT IR 4 41t
RAFREY LG Ce’ 1844 AFO TR ER B (H-
3) PEAT THISEIFSE. HXE AFO BEESHEAT T AT Y
FEEFRINMRERBIR, n&GHEE . Bk, Jer=#i.
T ] 2L & Gamma S48 T BT iR IR . AFO 3§
B R 4.6 glem’, 78] WG L P9 B35 1
it 80%, & U UEAE 367 nm Bt iT, PL HE ek A 18] £E
40 ns 7247 . FE X SIERIRT, AFO BRI H AH
MY o TSR 22 3 ST ERMIR Y R 19 8,
ALK Gamma HTEZEAY4RENE . @I, AFO
I B (1) 7= UL 80 ph/MeV, H: oy Wi I 29 K
13%, 1Fh27% PWO fik N 30%., 340, MfiTidil
KT AFO IS AR SRR RE , 7E 100 krad Y y T2 IR
B, POBENEGREE T, H2AE 10 kead y 3
LRHRGTE , MRORREAEFB AL S PSR BB B 1Y) o 4%
U, XA AFO BEBS Y S AR S 29 10 krad.

2019 4F, Akatsuka % AF5E T Ce’'$54% 55CaF,—
35AIF—10AIPO, B H (H-4) BINKRPERE™ . RS 8%
237 1 SAE 90% #5457, PL %W K 35 ns, K
PL QY it 60%. X SILBAE T, BEISM L GT1E K
330 nm, [NFRIEIR RIAETEDE 5, 3002 35 ns
240 ns 245, HF, 7 Gamma HI48 T, BEEEAHR
KOEF=4 K 93 ph/MeV, 2020 4, Gota Ito %5 AHF5Y
T Ce#2 20CsCl-20BaCl,—60ZnCl, 37 5% (H-5) 16
AR MR RES . A T DG R N, B A i
RN 509%~80%. BRI, BEES N K G TE
350 nm BffiE, F PL REUETE] R 26.1 ns~29.9 ns,
KPLQY N 75.7%, 5 GS20 BEIEAI Y . 1F X HF <k
WORTT, BEESRIH AU RS, DR R[]y
24.0 ns~31.9 ns, B Ce™ W EERG MG Ko AT Ll
T HEARE, 0.05%. 0.1%. 0.5%. 1.0% Fi
3.0% Ce* " BZRBEEE /39 M 0.006% ., 0.017% . 0.008%
0.012% F1 0.014%. 7F Gamma 5§ 28 T , 3% 58 (1) 5
KOG 23 ph/MeV, JE-#iAE L5 PL QY
AL

%5 PRdE Ce Bk L BIEE M RE S T
DIF Y, 3k BBl 38 T DA B 5 104 2 St 5 a7 ok
R, M HA BB EE TR, R, XN
R 38 S S BAE 320 nm~370 nm Z[8], J& T &4
JEUE B, 7F Gamma S 2% T 3% 38 (14 % 7 BUME LU 1o
200 ph/MeV., HEZMHI T2 B AR 2
(RPN MR RERR ] T A o B B S U i — 25 & e
ott, ATLAMBA R i T 1) (IR B ik
W BB IEA 5y, WORBEARINARBEES A s 2) IRA
AP Sio,. Gd,05, 2 = B 55 10 £ M A AR
PERE
2.3 Ce" BRI

TARBEES (KR GBE), MHBOER®E, &
FE— B IR N AT AL AR B £E B 5 PN H ) A

A5 Ce¥ 4 sk as ol Ak A sk

Table 5 Performance parameters of Ce*-doped halide glasses

Num. Den./(glcm®) EP/nm QY/% PL DT/ns Sc. DT/ns LY/(ph/MeV)
H-1 6.9 325 / 5.5,23.4 / /
H-2 6.0 325 / 33.2 8,25 150
H-3 4.6 367 / 35 37 97.2
H-4 / 330 58.7 354 34.9,203.7 93
H-5 / 350 75.7 26.1 24.0 23
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KA, T2 LU I T AR R S AR Y 2 4
B HRT, F2A7 RN A 7k R AT Sk A
Gk AAMBIEY, BB RO ML B R, Aa kbR
MR, AiEsdee, Pk REBrTERIE R,
it i o, s, HEEELr. i Ta G T i A
AMBEREA, PIUL, A B 3 W 5 G 5 1 IR R
PEfE.

2013 47, Nikitin %8 A 7E8 kR $R 3658 (GC-1)
Frih T LiAlSi,0,0:Ce” 9K ™Y, BEIA) Li 4N
16.5 at.%. TEHFEUE T, 03 0 6 4k 7
FHIN KR BEES GS20 By 240%. I H., WmBiss BA
70 ns AP 3R], ATAE 20 C~170 C {EREIA R
FETAE. FAE 2012 45, Huang %5 AHil#5 T 0.5Ce™ 8
2% 45510,-15A1,05~10Na,0-24BaF,~6Y,0; [N 4 B 5%
(GC-2), fE 615 C~665 °C F $ 40 U /)y it 75 5
BaYFs: Ce™ IIGNK A . ST BB 1 355 1 R AR SR
it 85%. WEEPALBRIEEE A, BRI PL kT
B FS, PL ZEUEATR] N 29 ns HE L 42 ns, X
M Ce™ fEBEH Hh AR F I B 2 8 45 & B AL i
R FEL A, X LA, MBI &
Y0 B AT AR B A R R T, R EIE(E L R
H10 /5, 2018 4F, AERGHL T K 2% A I KU A4 $2
T Ce*'#B24 SiO,—ALO—NaF 351 (GC-3) FI 4K 5
et A BRI, BENS A ROMEE CeT
FIRBCOY, JF HARER = AR S BT 7E 5851
JeE R T, S BB Y RO B T T 35 %
20194F , Du%s A 7E Ce''#B 4% 40Si0,—10A1,0,—
10Na,0-25Ba0O—15BaF,(GC-4) il 40Si0,~15AL0,~
25Ba0-20BaF, B{IH1E 680 C~740 °C i [l A kb FH
/NEHSE] BaF,:Ce™ 9k it BEE PV PR ) T,
EHE 03 2L R B W T R SO B I Y & G e 7E
420 nm [fH3E, PL SR80 ][RR B 25 $A A0 3 B2 1) 1
TR . X ST, MARBEIETE 500 nm~600

SEAL R B4 L, PR BERAS TR 5 4 A ARy
Eu™/Ce™ 8 2% I B 35 - i A Ba,Sig0, B & MR, i
DR SR DN L FH B TR A R AL 13 i T S8 e A
Tiike

% 6 IR Ce BAMMPIBMIERRSE. BT
S HABBE AR AIERE, h TAORRIAE,
AR IEE TR R B AR IR PERE . (HUR, BRI
WRIRAFAE— LB, AN B 32 B i BE S AR MR
LA, REOUNIREREATRE, Hil& T2 %
o NI, BORBERMORA T R B 1) A
PRAUE B 55 375 1 5 11 D0 T B s 0 ot B3 B0 1) B A R
2) PRI O B SRR, R 290 A4 5 3% 5
3) Fi v ol T s 1) [ IR PR AT S B TR R B

3 NMRKIESEAMBIHRE

W% CEPC Il itAT, MRV BRI TE R E0R57 |
AR . XIHAF AR T —AUN KRB +SIPM Y381
REAS BT, DNIRIEE R ST SR IT 46 0 e
2021 4, fE REYI BN TR A AL st B AT ST B .
A EBE . FERIILRA: | v R R AR T
R R AR L IN IR 4L, FE[RIFR CEPC
S FREREAR Y R L R R I PRI

3.1 Ce” 3L RN WIS

2017 SE A, XL 2P0 BR RS 1 45 1
— &4 Ce''$ 2 Si0,-B,0,-AL0,~Gd,0; B F (GS-
o WP E A S, RKEEAE S50
glem’ 7247, Bl ALO, # =N, BE8E AWl
AR, XMl Ce™ 1Y H I BE RS AR R Hsl /)N . DR
() %% SHIELE 390 nm Fff T, PL % B[R] 7 20 ns~40
ns JWEI A . X SPEBOAR TS, B IR K SR
BGO fh iKY 25%, XTRE Ce™ 1B AELA M iR 5k
e A B AR N ARPERE . 2021 47, INMRBEES A 1F
X T S Y B 1 DA KR BB R v B B L A R FH A T T

1)[9.52755]

nm JEE A BRI, X SPEEMINRAOCILHRA S, AW, [ 3(a) FiR EBES S BGO fiA7E"Cs
2002 4, JRRE AL & BOBHI G 0 4U00HE W FIORERS . BORIOIE™H0Y 802 phMeV, A
£.6 Ce i mabaiihey ot sk
Table 6 Performance parameters of Ce*-doped glass ceramics

Num. Den./(g/cm®) EP/nm QY/% PL DT/ns Sc. DT/ns LY/(ph/MeV) ER/%

GC-1 2.45 / / / / 240% GS20 /

GC-2 / 397 / 42 / / /

GC-3 / 370 / 33 / / /

GC-4 / 420 / 38.2 / / /
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B 26.77% . FFEAAE T, BeaEhk SiPM #4850
FIEFEZI0 BGO @R 1/60 BEI A I FR R s
] 77 76 P8 WA 43 &, 43 50 262.10 ns (18%) FiI
1234.83 ns (82%), % Je P MLENER LG fEd, Ce™
PP AR I R 3 1] 3(b) Frm 2 B 1 A M s el
2, FIMNEEIEIE, SRR RO BETE 20 ps NI
T 25110 1. i RERRER N MR 3% 38 1 R HEAUH GAGG
rn A 1726, 3K UEIA KRS B RS o R B B v i
BABFAR, BHIE T B kiR, bl 0L, #£
WREENBIT, Ce B2 kR kD 3K IHA
H AN IR BE

2022 4F, A TH R OR AR F R . FE IR
T 45 T B4 42 glem’ A [6] ik B xCe’ 4B 4
Gd,0,-ALO-SiO,(x=0.3mol% . 0.7 mol% . 1.1 mol%.
1.5mol%. 1.9 mol%) [N XF3% 3 (GS-2)™. Bfi# Ce™
WS RSN, BYESAY PL AN PL 3% (PLE) W34 1A 4f-
5d e AT LA, BRI PL QY Ml PL 3
iF 18] 23 51 28.32 %~50.59 % £l 43 ns~64 ns., Fifi Ce’
VB ISEIN, EATE I RSN, 7E x = 1.1 mol%
BHA SR RAME . 78 X FHZE T, x=1.1 mol% 3%

ﬂ 1.0F

08l — BGO crystal

— GS-1

0.6

04+

Normalized count

0.2

0

0 20 40 60 80 100 120 140
ADC channel/10°

BE AR o BGO fbiAR Y 23.86%, NI 4(a)
iR . & 4(b) Fin EBE S5 BGO MiATECs AR
AR RERS , INFRBER N G #ih 1206 ph/MeV,
REH RN 22.98%, 5341, BEIE 1 DN A s (]
FEAEDAZ A7 8, 43902k 346 ns(27.5%) Fl 1740
ns(72.5%). Z5REH, Ce’'BAR Gd,0,-ALO-SIO, B
T AE R RE W BT VR 0 T R

3.2 Ce™ B &M AINTE

2021 4, PAIREE TRRR AT SRS #E 0.5Ce™
5% 70810,-15KF-5LaF,~10GdF, 3 (KLGF) + (GC-
1) 7t KLaF,:Ce™ Al , it Gd B La™ (17
RIRME T BHE FIR AR KLa, Gd.F,:Ce” 49K, #
FH B AL B 000 S 5 B = T T BB A IR R BT
YRS BEE N 3.183 g/em’, R WLGIE R P 05 1 R
it 80%., H:PL QY Bk 92.4%, EE] K 53.6 ns,
X BERMA T, BT HSBE YRS L, 1
310 nm bR FFEAE G BRI &6, A B B A R4
58 BGO fHARH 170% . Gamma SRR T,
i B B O 77 A 853 ph/MeV, REHErHE R N

u 10° — GS-1
= PMT noise level

> 10°¢
2
2
£

104 ¢

0 100 200 300 400 500

Time/us

A 3 (a)454atBs 3385 A= BGO 1K 42"Cs (662 keV) 24 R T #9fiti; (b) AAEH &,

Fig. 3 (a) The energy spectra of aluminoborosilicate glass and BGO crystal under ''Cs (662 keV) source; (b) Afterglow curve

H 2.0

—=— 0.3 Ce*
—— 0.7 Ce*

N
(4]
T

X
0.5

7 —e— 1.1 Cez:
= —— 1.5 Ce
3 X —a— 1.9 Ce**
£ 10} \ —— 1/2BGO
8 .

>

B

C

Q

IS

300 400 500 600 700

Wavelength/nm

n 1.0f

0.8

- 0.3 Ce™ GS-2
— 0.7 Ce*
— 1.1 Ce*
1.5 Ce*
1.9 Ce*
— BGO crystal

0.6 Flly

04+

Normalized count

0.2+

0 20 40 60 80 100 120 140
ADC channel/10°

B 4 Ce’#% Gd,0,~Al,0,~SiO, A Kk 3k 3% 4= BGO dhtk#y XEL ik (a) #= "'Cs #ik (b)
Fig. 4 Scintillation properties of Gd,0,~Al,0,—SiO, glasses, (a) the XEL spectra, (b) energy spectra (**'Cs) of the glasses and BGO crystal
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H 1.0 —G&c2
. 08} BGO
c
>
8
- 06t
- o
S oalllf™
S
=z

0.2 H
O I I 1 1 1
0 20 40 60 80 100 120 140

ADC channel/103

n 150 |
|
140f |
> . (x-1182.70)
% 130} Fit=106.30+39.87 exp [— 21039 ]
()]
S 466000 | 118270)
S 120} ‘ Rt T 7Y T
mob | g
—
500 1500 2500 3500 4500
Time/ns

A5 (a)K,0-Y,0,-Gd,0,~SiO, #5335 ' Cs (662 keV) 74 4R T 495 BGO Shikag4ik; (b) A4k 3 M, 18] th 25,
Fig. 5 (a) The energy spectra of K,0-Y,0,~Gd,0,-SiO, glass ceramic under "*'Cs (662 keV)
source with BGO crystal; (b) The scintillation decay time curve

22.27%. [RII, AL ATEH 4 T Ce' 8 4% K,0-Y,05-
Gd,0,-SiO, M FH I I (GC-2)", BEERYHEL N 3.3
glem’s B 15 KLGF S B AH L3 & etk gk,
PR R I AAE R INIRIERE . 1] 5(a) FT7R & i3k
BE7ECs B R T M REIE , BEIS YR AN 1601
ph/MeV, BEBIHEFRN 27.27%, FM B LT 52
b BGO fhA iy 173, 1] 5(b) FT 7 S 3k B 1 IR 0k 2 Ui
B, A8 A~ or &, 43 31k 210.39 ns
(52.6%) F11622.01 ns(47.4%).,

3.3 HARME

6 7 BN SR N R B B 5 VR LRI (0 DA SR B 1
25 FHETHA BRI Ce™ 1B 4= Tl 1 e i e s
RIS T 1600 ph/MeV, 1 S8 AL B 5 G 56 7= 4 R
BT 1200 ph/MeV, & HRTE N A s E. 2
JR K S A MR 30 6 1 8 AR SR AR, 3 iAo ) e o T
200 nso DA, ST AN ERBE IS AR, R G
FELAT LA : 1) FERS 5 AT 2/ Gd TR,
PRINIRB I %, [FRHER G —Ce™ e 1%
BRCR; 2) R R BB h i e, B
BRI HIRE , SCEBEIEM ST, [Fa Pt s
TSR 3) TFARBI N MRS IR R, 40 % B i i
BRERDE3E, /DB PN IR BEAFIT R 5 A

4 BESRE

DRV B 3 HLAT AR . B HESE T . &)
N AN 1 8 012278 N R R 7S B )
AN . 3 BRI RIS 1 EE 2R R R, X P4
RICTTHEET:, MianA-m R . @™ ai . P
Pt B LA B AT BRI R DA DR MR B 1 R ) 4
Fro ASSCHE Ce¥ R EH OB AR R FE R B R, Xt
HOG % INKR . R DL b m B RE A T T RS, 1R
I T AR RS 1 M BB ER T T i o

EAT, Ce’' 1524 IN R 3 35 fie 12 O 7= 91 e 16 1k 2]
4300 ph/MeV, fiz K% ] LIS 6.9 glem®, {HIE,
DRV MRBBE IR AR SR ME eI 2 2 B . = G A iy P B, X
FERR 1) EAGE R P i 5 2 S B A it
BRI BIHRR, SEUR S BRT MR R KFRAL; 2) %
JIE 4R TH B 38 1) 3 e SRR L KRG 218, Ce™
8 WSOV I 5 5 3) e e SR A BB ) o UL
AR R, X PR RE) ce’ AL Ccet . M,
h T AR BRI N KR TERE , A B T R oY
D5 Al LSRR AR 1) A 1 0 S SRR R A i — A
Al Ul /0 JRURE R B 2 B, R IR Tk 2 Bt 3 b A Bl
2) INAGE RIS T, WD
H S AR R B (1 B 1 2 s 3) (IR B A4 A B

AT AR 6 IR BB M A

Table 7 Performance of scintillation glass developed by R&D group

Num. Den./(glcm®) EP/nm PLDT/ns Sc.DT/ns LY/(ph/MeV) ER/%
GS-1 4.5 390 41.69 262.1, 1234.8 802 26.8
GS-2 4.2 430 63.44 346.3, 17401 1206 23.0
GC-1 3.2 380 53.6 / 853 22.3
GC-2 3.3 380 / 210.4, 1622.0 1601 27.3
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Research progress in development of
Ce’*-doped scintillation glass

Hua Zhehao', Sui Zexuan"’, Qian Sen"*, Ren ]ing3, Zhu Yao®, Qin Laishun®, Tang Gao’,
Tong Yufeng"’, Sun Xinyuan®, Wen Yufeng’, Liu Shan’, Ban Huiyun’,
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Overview: Nowadays, scintillation glass has attracted worldwide attention and plays an important role in medical
imaging, high energy physics, environmental monitoring, and security inspection. Scholars are exploring the application
prospects of scintillation glass in high energy physics and other fields. At present, the maximum light yield of the Ce™'-
doped scintillating glass can reach 4300 ph/MeV, and the maximum density can exceed 6.9 g/cm”.

With the rapid development of high energy physics, the concept of circular electron positron collider (CEPC) has
been proposed. The structure of scintillation glass and silicon photomultiplier (SiPM) may be used in hadron
calorimeter of CEPC. It requires a large density (>6 g/cm’) and considerable scintillation performance (light yield >1000
ph/MeV, decay time <100 ns). Among them, the Ce”*-doped glasses have better scintillation properties.

In this paper, the glasses are divided into oxide glasses, halide glasses, and glass ceramics according to the different
substrates doped with Ce*. Moreover, we focus on the optical transmittance, light yield, decay time, and irradiation
resistance of the Ce’’-doped scintillation glasses. Moreover, we introduce and summarize the research progress at
domestic, foreign, and GS R&D Group. In view of the research status of different glasses, the methods for improving the
glass performance are discussed from two aspects of glass composition and preparation. Finally, the future research and
development directions of Ce’*-doped scintillation glass are prospected.

In order to improve the scintillation performance of the glasses, future preparation methods and research directions
can focus on 1) reducing impurities in glass raw materials through further purification to reduce defects in the glass;
2) Add an appropriate amount of clarifying agent and improving the glass stirring process to reduce the bubbles in the
glass; 3) using a reducing atmosphere and a appropriate reducing agent to avoid the oxidation of Ce ions; 4) Partial
fluoride can be used to replace the oxide to reduce the melting point of the glass, reduce the introduction of impurities
in the corundum crucible, and improve the uniformity of the glass; 5) Reduce the introduction of elements that are
unfavorable to scintillation performance in glass, and increase the proportion of Gd element in the glass. Exploring
suitable scintillation glass components and glass preparation processes is the key to the long-term development and real
application of scintillation glass in the future.

Hua Z H, Sui Z X, Qian S, et al. Research progress in development of Ce*-doped scintillation glass[J]. Opto-Electron
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