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B F AUHNEEHRTREAHAKRTERENERERE, SEEEMHRTH
28mmx 28mm x 360mm, FEMNER T EESEH B [001], TREEE 0.6~1.0mm/h, £k
R MR BB E N 20~30°C/cm, I T/EH & & B M 7E 420nm BHEM BT E >60% ; &
360nm BT B E >25%. MEMEE LY >9p.e/MeV, X145 <5%.
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ATIRLTHEREEENF K E T (Higss Boson), UM ¥4 (CERN) F=-+
tHENFEMRTFLE T BE KB 3 F %84l (LHC-Large Hadron Collider) it %), X&—M ¥
HEAHEFLE IENEZMARTIREE FREREHFUBEMREERS. BR
HREBTREESEE (p=828g/cn’) . EMHEHKE (0.89cm) , TR (<100ns) .
EHERERE (>10%ad) MM HREESRE VI TEASNEREFRATL, RAYBKE
RERERNNESEE. ATETZNEREEEE XEFRETES.

EZFLRER, BAERLELXETERAAENHEDY, FEHRIANERE S
EHTTERHENE, BNELTRHEHLBE LR, NEER, KEERRRNERE
k. HEBRESHNERSSE, ERHEAE 300~800nm fESEE, HIBEBEERR,
Hit, BEMAEREELR FRIZHAFAZTESEEEHERGRENTRER, |
HErd A K TZRRHBRERSD, RERMRTREERK TS B

53| R, HRTEERANTRA: (1) RENBRORTHEHRTE, E54
KRRTHERARE; 2 BTRXRASHAERETEK, IBLEGESEHAFTHEL F
BB EE FYRMAERENENE; Q) BT —FaTREKILRELHRAERE
R-tir ik, BHGESTRBEAREERK; QOBRELZREREE, BTERBFLMED
f; (6) MEKAS GEEANERTE, FREELMEEAIREBRARTHS BE.
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BB R B K L PbO-WO, RSERIHIE O 8B, B E E PoWO, RFIR A
BAEY, BN 12°C BRAKEKNERSRERTRFHEET R, NFEER, =
B BEH Lo o

Sk K BT BR 5 PO . WO, BSEER (4N), BA BRI L7 BRMT

PbO+WO;=PbWO,

B ) B 560 BRI 22 200°C BYBEAS Rt 100 IR R R P BK S, & KA R b e
PbO:WO,=L1(B T H 4+ It) #17, FREHIE S 10mg. B 4% Y05, B 200~300ppm,
BRI 0.1mg, B A9 R A2 F PbO MBI A R0 26, M SRS S EHEER
f5 7). e BRI, RS HAMRAN S, REBTHRPER, JFRESHA
£ &%

R KR BRSO TS PTEONE 1R UBERENRRE, B
Pt/Pt-10%Rh 2 @M ERE, % TCW-31 RSB ERHNEHPR. FaREY
[001]. A B 14 80 T BESE B <0.6~1.0mm/h, 4= F 6018 BEBR B M0 PE 2 BT 0, 284 K R T HE
fl 95 BE BB B 4 20~30°C /. /1MW TR B B M 0 B MR K /D FHOR FIBEEE, BWR
EHEERR, FKAEE ‘IR, HEEKSROEHE, SHRSOMNTR MARK
BTHORSE, SANBERELFEERNEE, BERAEL Ok, REEMERK
EEBI. ALK R REERERE, SHANTENEE.
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Fig. 1 Scheme of modified vertical Bridgman multi- A SRR T PR A

Fig. 2 Temperature distribution in modified
cryvstal growth furnace -
Bridgman furnace of PWO growth

ERABEEERTH 28mmx28mmx360mm, i FAE KB PHERHEZHE, KEH
W BRE, THEMFRETS,EEER. HCOMSH LHC ER, MIENLR T PWO &k
R-F%: KB 230mm, K% HE 26mm x26mm. /MR E 22mmx22mm, X —R TR S EE
AT amEgSEnfERs.
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Fig. 3 XRD of PWO grown by modified vertical

Bridgman method

RHRENEEFHEESIE Ippm
T EBFANBRERESTH—NHEET
(0 Nat . K+ 1 Lit ) £ 5% 420nm #]
MR (8], A TG 4 MR A M R R E Y
BEBE (EX10), B NIRRT 58, 3
DRFEBERHXEARBETHER. £
ARSBVELSHERERE, #imHERH
BB, REMEETFHEE. SBRIRK
A Y BFHRE, ERBRES
MY BFESGBOSH, HAER
e <1. B 3 Fabtkfy XRD, Xt LR
SRR R ARNTS (JCPDS) £ H U,
THEHOETANERSRESEH,
E P S ¥E ¥ a=0.5463um, c=1.2053nm.
B 4 0.35981nm3.
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Table 1 GDMS analytic results of PWOQ crystals

Element Concentration Element Concentration Element Concentration
/ppm wt /ppm wt /ppm wt
Li <0.01 Sc <0.05 Se <0.01
Be <0.005 Ti <0.01 Br <0.01
<0.005 \% <0.005 Ru <0.01
F <0.02 Cr 0.02 Sr 0.005
Na 0.1 Mn <0.01 Bi <0.5
Mg <0.01 Fe 0.02 Mo 0.35
Al 0.01 Co <0.005 Ag 0.15
Si <0.01 Ni <0.02 Ba 0.03
P 0.02 Cu 0.2 Gd <0.005
S 0.03 Zn <0.01 Eu <0.05
Cl <0.01 Ga <0.05 Yb <0.005
K 0.13 Ge 0.1 Ce 0.03
Ca 0.03 As 0.46 Ta <1
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mEMELTLEEERAENGUHENEEZESN — BREAENESIRE—ER
EERBEELHE SERENEREEAEEVIKR. FHUEBRESER, BBRELREE
7 360~650nm AV R FE M ELE, BEEROT: ¥ FKER 230mm 9 &, HHUmE
it #7E 360nm [ >25%, 7E 420nm FV >55%, 7E 620nm BYE T BN >65%. &L a0 A
SHIMADZU UVPC2501 4 66 BE 1T E#FfT. RANFMMHIR TEEERKRN SR TERE &
& (23mm) WA ELRWE 4 iR, 7E 360nm 89 3F 3 E >30%, 7F 420nm &b >55%. B v &

RIFE S, ST 360nm #9% 5 LA, 80
7E 420nm Kb #YFE 3 R Y REK 5%. or
42 RPEGHERRG 6o
LHC % BER— & EHE. HiEmN Cr
BT - KT, B E A 103 /em? s 2 4o
B, XEHREMEANENEEHRS or
FhFREE MORBEEEFLT 201 vt
BRI RN B AR, B AT or

7] & 10Mrad B 10'3 ~ 101* e F /em?-
8, FiEfTH4E B, MERE &K
BREFERRE. RPN
B E WL OCHR [10], KX °Co AMER,
¥ 3 4 35rad/h, 48 BB R [E] 24 70h, # &
BEWEXTENEL SRMER2H
7N -
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Fig. 4 Typical longitudinal transmittance of

full-size PWO crystals grown by modified verti-

cal Bridgman

%2 2R~TPWO RGERANSATENTR
Table 2 Changes of light yield (LY) of full-size PWO before and after irradiation

Irradiation
PWO LY before irradition LY after irradition Light loss
Dose rate  Irradiation  /p.e.(MeV)™!(100ns)  /p.e.(MeV)™'(100ns) /%
/rad-h™! time/h
Full-size 35 70 114 11 3.6

5 it

GEFTk, MEGEREE Bridgman BEKIZEKBREAE, EX=MHLHET
(Y7) %, RAGENTIZSH FETEREMNERARE. NIEHNERTEREAR
A 7£ 420nm BT H &L FE >60% 5 7E 360nm MOEKEL R >25%. BEMEEE >9, X
<5%. PrAEMERITEERERERTHEN T RBERESHER.
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Growth of High Quality PWO Single Crystal

YANG Pei-Zhi, LIAO Jing-Ying, SHEN Bing-Fu, SHAO Pei-Fa, NI Hai-Hong,
FANG Quan-Xing, YIN Zhi-Wen '

(Laboratory of Functional Inorganic Materials, Shanghai Institute of Ceramics, Chinese Academy of Sci-
ences, Shanghai 200050, China)

Abstract: High-quality lead tungstate (PWO) single crystals were successfully grown by a modi-
fied vertical Bridgman method. The optimal growth parameters selected are as follows: seed crys-
tal direction < 001 >, lowering rate 0.6~1mm/h, the axial temperature gradient 20~30 °C/cm at
growth solid-melt boundary. The performances of PWO crystals obtained are as follows: optical
transmittance more than 60% at 420nm and more than 25% at 360nm, light yield more than 9
p-e./MeV, light loss less than 5% after irradiation.

Key words PWO crystal; modified Bridgman method; impurity analysis; scintillation perfor-

mance



