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# OE ZORIET (LS, LW AHYT S BABEARR T EREAKNEREE,
ER#S Y BAPRESRARALBROBRANBERT Y, IAFFEREAS, FHE
BB R KBRS AFRMETHEEL LM Y HPObWO. &K, MR AR R E#
B EX GEETR, AFFNEREENRR, AR EREXTHI S8 RRF o FE
FR&RH RN TARAKFEREKTN, FH5MNERITEREE 100~500nm ¥ B M H
B EERER; £KE YTPWO R+ 55 30nm RHMEOHBREERE BHE
WREXMKECHE “FEQ” FH, BEANERMRUEARAEETTHER TBRAEHNRT
BALZREETEREETEXRERABBXI-RAR, IHE-LRAFARE T HBERM.
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PR ¥ F .0 (CERN) 2i& #7 F — UK B 3% F 3 1 LHC(Large Hadron Collider) , 3%
EEBRES &K (PWO) fE N EHE & 7 £ 6 23 ECAL(Electromagnetic Calorimeter) §J [N %k &4
fk 1~31 CERN 3£ Rt PWO Rk e THREMER, BHIEJLER PWO BH
TIrZHREANTR, HARIRFEEQFELLCIE, BRAGHIH, BRBYFFE, HE
SEERE AR E R EE, BRAG R X TZ RS &8 R

PWO f & § 6 BUR 66 1 £ B By W {8 (i F 420~440nm o B 51 F1 0% {g {7 F 480~520nm
FIHIRL, %604 BRSNS WO, BE A Z s T WOl wHANRER
HEFEF «W0,+0,” O, BEATEFTRRO4E, FEXBERIREARSR. AT
— AN SRR A R W PWO &EMEXIE, EREHEEFHNREKEIEEHTE
ORI AT S B R, THEM Rt B Y X BKL T 420nm ML E R
%S LR 7

BRIER IR AT ] AR SN, =M (La®t , Y3 | S f1 Ludt %) fIE AN
(ND*F) BTHBFERERPWO SEEREENAAIE. ZMEFBRANEREAE:
A EPPYT BAUEREEFE 1M, EWHEAEKIESE T PbO BE R I A Y6t
M. HPSa s uAM Y3 BREERME T4 PWO &&+HFEH 350nm FH A0
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W, B8 T EI RN IEMENITE,; FIME KM EN R EERREE
TE 425nm , AR H MO8 AL T 330~336nm. A E{ L HA KK TS Y HPWO REFE—4
FROAR : KFE Coy HARRIREREREWETHEA M, HHEREEN
Fe 7= BUXIR KO B U
BEHMX—REH#T TR, KABAXLEEZRE 350°C BER, &4 430nm
WHHEELCEREMASTME,; BEREAKSIFRBENERXG, HEREADIRMSH
IR W E RIR/D, KRR RERG T HE TS 65 B EATE &4 E 400~500nm
BBRMELRTENER H—SBET LARKRRERNE KRESRMLRLER.
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i A i Y ISR A & i SHIMAZU-2501 B4y 66 B i, K h £0.002abs , 4% 5
Bf 5nm ; SRR R Co®y HT4R, 35rad/h #1 3500rad/h FE R B3, M4 LB R 1000W &
FESRITYENRBIE, MEIIEN 1.45x107°W/cm? , EH KK 3250m ; K=Y RERA
QVT LY, Cs"" WMARE. PMTHE, BHLBEEH20°C; X HLAMRCEEARERE
Ei#AT, X SLEWTESRE 8KV . 4mA , HE K EE 200~700nm , g FEE 0~1mV.

A E KT EA C R, RIFEINRAS, HHERTRE, K/AKES 54 26.0mmx
25.3mm . 22.0mmx22.6mm, ¥ 230mm. #QH K Y3t B, BEEFELERERE ST
®.
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BZIRELALEKY Y PWO RiEFH&FRE, HHBIMIET 1999 F 2~6 ALK
MAEBRBEXRFHATARL Y3 . PWO &k, Wil THEBEESBRAREZ MHPXE.
BN Co®y LR, FEEK 35rad/h, FEEF & 2520rad , WIKLRME 1 iR,
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Table 1 Relationship between radiation hardness and annealing temperatures of Y3+
doping PbWO, crystals. (Light yield unit : p.e/M.eV )

Crystal Y** doping Annealing Light yield Light yield Light yield

1D amount/ppm  temperature  before radiation after radiation change/%

and time 100ns 1000ns 100ns 1000ns 100ns 1000ns

50°C/48h 7.5 8.3 8.7 9.8 16 18.1
389 200 250°C/3h 7 8.1 8.6 9.9 229 22.2
80°C/16h 7.9 9 8.1 9.2 2.5 2.2
50°C/48h 8 8.9 9.3 10.7 16.3 20.2
390 200 250°C/3h 7.5 8.6 9.1 10.3 21.3 19.8
80°C/16h 8.6 9.8 8.7 9.8 1.2 0
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EB4ITEL
as oo NOF M6 e mr 1 sr s
50°C/48h 9.5 10.6 10.4 11.5 9.5 8.5
417 150 as cut 9.2 10.2 10.3 11.5 12 12.7
80°C/16h 10 11.3 101 114 1 0.9
S o+ S
as cut 7.6 8.6 8.1 9.2 6.6 7
426 160 50°C/48h 8 8.9 8.1 9.2 3.8 34
80°C/16h 8.3 9.4 8.1 9.1 2.4 -3.2
as cut 9 9.9 11 12.5 22.2 26.3
430 140 250°C/3h 7.4 8.2 9 10 21.6 22
80°C/16h 9.4 10.3 9.4 10.3 0 0
as cut 8.8 9.8 10.7 121 21.6 23.5
431 140 250°C/3h 8.1 9.2 9.7 10.9 19.8 18.5
80°C/16h 9.6 10.5 10.1 11.2 5.2 6.7
as cut 8.9 9.8 10.5 12 18 22.4
432 160 250°C/3h 8.6 9.5 10.4 11.7 20.9 23.2
80°C/16h 104 11.7 10.9 11.7 209 23.2
as cut 8.3 9.2 10.9 12.3 31.3 33.7
433 150 250°C/3h 7 7.8 10.3 11 46 .4 41
80°C/16h 9 9.8 9.1 101 1.1 3.1
as cut 6.4 7.1 7.4 8.5 15.6 19.7
440 170 250°C/3h 6 6.9 6.7 7.4 11.7 7.2
80°C/16h 6.5 7.7 6.5 7.7 0 0
as cut 7 7.7 8 9.2 14.3 15
454 150 250°C/3h 5.7 6.5 8 9.1 40.9 40
80°C/16h 7.8 8.7 8.3 9 6.4 34
as cut 6 6.5 7.3 8.3 21.7 27.7
456 150 250°C/3h 5.2 6.1 8 9.1 54.4 49.2
80°C/16h 7.3 8.4 7 8.2 -4.1 -2.3
as cut 6.1 6.6 7 8.1 14.8 22.7
458 150 250°C/3h 4.8 5.6 7.8 8.7 63.3 55.4
80°C/16h 7 8 7.1 8.3 14 3.8
467 150 SO?CC/TBh 71? 182- .65 181- l 5 192~ .29 2(55 3?2
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MG ERKE, as-cut & (EKE) 1 250°C 1B K S5 5 B 06 7251 HL 8K IR BB K (50
3 80°C) EWE, FHMMELBREXATHNAREEREELR, XA AVEBEER XA
B R 8UR.

R AT 485 448 By dtk (YT 820 150 at.ppm) #1T TR KR E SR BHEE X
AL, ERYE 48 S RN TR, HFidh 0448-2 , Rt 25.02mm x80mm x 26.02mm.
BAkERHEETSKASH#HT, BEMN 50~ 450°C, FHMERSBHA: 50°C(48h)— &
B (B8 AT S A9 54 R W) 5 100°C(10h) — =18 150°C(10h)— F iR —200°C(10h)— E iR
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Fig. 1 Absorption spectra of N0.0448-2 crys- Fig. 2 X-ray excited emission spectra before
tal at different annealing temperatures and ra- & after UV irradiations of sample 0448-2 an-
diation hardness measurement nealed at 100°C for 10h

iR KR R 04482 ITRBGE R ME 1 Bir. REELRER, FRBERKLE
BFER, £t 6min FAEBHEHERAESAOKRECEBEM, 3 HEBHSHREGE
FTHEHAABEEMESTMA4L, B8 1 9 Saturation i F R, 7F 100~ 450°C (IR EHE K,
BERXBEMFS, MK 430nm BT RERERETIEK, LiEE R T 300°C 1Y, R
AR /N, BR R 350 A 450°C B A EMRYGEL T E 14 EHBEEME 50°C/48h
1B K 5 430nm i B BT 84 TR0 2 3088 100°C/10h 98, sXULBE T % 1 A K {e] 50°C/48h 1B k
JG SRR B YE FEHIEE 80°C/16h B IB XK F B T db AR R H 7 430nm B AWK, TiEE
MASHREEERB/D, SERAEEREXAFAFASWIRETES 430nm K BT #
FERBFAR.  as-cut SHEEFEHMABRERATEMERELE. SEEKEHNEER
BB Lt —FRER AR, KERTHLRHE KA.

Y3+ PWO G4k ey ST L6 82 R 6 = E R Ok (EAML T 4200m Z24) MR, B2 EH
i 0448-2 23F 100°C . 10hiB &k, WMEAEN X HERYR L. BT TLUESL, HE
AIERAES S ER RS EBE, WHRERAFHRES O, K58 E 380~500nm
BEMENFRER, S48 1 FBNERTULAAEREXHNASSREEZRKEE
A K.
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HEEKRHPWO B FRATENURTZ EHM#E BT RENXETH, £k
A 430nm @ OREHBE TR, ERRETHFELTHATORE. KNET
O3 f R E GDMS T REEFRE (Nat . KT, Ca’t %) ELEH7E /LA w.ppm &
%, BAREEMERANEABBRITAEINEKR, XHRETH Nat, K+, Ca %
A ERBTIAL 430nm A.LREH (EAREBKRE TR RELERE) S ERANEBER
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Fig. 3 Irradiation induced absorption coefficient spectra of Y**:PbWOQ, crystals

TABRENBSATRESEEE. RITWAT 94E6~12 A LALKEHFEZALH Y3+ PWO
mMENERESE OCREGE BFBERWE3 IR, YT BEKENY 150at.ppm , 23
FREEAMRERE, RS EAETENE=HYF S CERN X Barrel ¥4 St ik YE AR
BEXR. NKEHERKRE, X TF2R-THEBREENXHN A SEES 400~500nm i B &
TREPEUAFEFROENXR, XTERETERTINER NS ERESFRTHR
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MWERITALR -8, ERENEEESE CRUGEHIRI L 380~500nm 3 B %t R4
k.

ABRANVET T 45 0865 REMIBRBARBEREE LR, XRHELNFHFRIIT
R®2b. BRENEERST, FREEY 20min. ZRFEA . 50°C/24h B Kk - Wik (Fd
EFEF )~ B8 - Wik, THALR N 150°C/10h 1 450°C/10h Bk, HESRE Lk
.

F 2 0865844 ERMA
Table 2 Details of segments of sample 0865

0865
0865-1 0865-3
Location Top side Seed side
Dimension/mm 242 x 227 x80 262 x 24.3%x80

LHRLERBA 45, HREENR 50°C/24h B K G S A TR & MR EEES R
KAREE M BERBRARIEE. MEERBRENREE, ST 430nm § & M & R 6H
5, WMEAHBENSNREGEZ R EZRRB/D, BRAAERESRERELIE 380~500nm
EEAMRIE. 2E 150 M 450°C R XHBERFESFRUGETUE L, REBIRNTHIBER
TURAT RBFE, 56 482 KRR, TURNAFHNTHIEE LT & IZMAE.
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Fig. 4 Relationship between annealing temperature and radiation hardness of samples 0865-1
and 0865-3
(a) The absorption coefficient spectra of the samples before & after UV irradiation when annealed at different

temperatures; (b) The radiation induced absorption coefficient spectra of the samples

Gd3* #1 Y3+:PWO RAM A HBAIHENIL Y BRuEiR kG, EEAH o KRS (5
[(AZE) — V4] IR ES AR, AT RESNBEEET) U, HAT 8 Kk,
HHM o RBIESTIHEKMAE, BRNZES [2A30)-0;] BRIGHEE L. B AHEE
EEXZFLREROEN. FEREXSHAREM K, 2SS SASREXHLERE
BEAS HIEME. B, RATIAY YSHPWO 5 4dE BUS 36 7= 80 FH i 70 53 BR B BE x4 i B 11 SRR
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4 &

YPHPWO & B G = H A & 5 & &7 380~500nm i B B ) % i AL A %,
GZHENARFET RETR, EH0&EPRFAREAMNFE: £RE YTPWO S+
B 430nm Y B A ORI REEERIK, BRMER BRI ETME, 7E5 &8 BxH%
YCH B3t R 0F “RET ER RBREEERE 450°C ARIBEEMEBAE HERE
FRAM SR B RYGEZ RR/D, B IS BUE B S 67 BN R 1b 08 BB R kR BE Y S T A
B
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Low Dose Rate Radiation Behaviors of Y?* Doping PbWOQ, Crystals

ZHANG Xin, LIAO Jing-Ying, YUAN Hui, SHEN Bing-Fu, SHAO Pei-Fa,
LI Chang-Quan, YIN Zhi-Wen
(Shanghai Institute of Ceramics, Chinese Academy of Sciences, Shanghai 200050, China)

Abstract:  Although trivalent ions (such as La®t, Lu®** and Y3T) doping can significantly
improve the radiation hardness of lead tungstate crystals, some Y3% doping PWO crystals show
exceptional behaviors under low dose rate radiation, namely, the light vield increases even exposed
to UV irradiation. In addition the radiation hardness is sensitive to annealing temperature. In
this study some Y3* doping crystal samples that have the phenomenon mentioned above were
chosen and the relationship between transmission and light yield of the samples investigated. The
experimental results show that the increase of light output not only exists in the topside of the
crystals, but also in the seed side, and is accompanied with optical transmission change from 380nm
to 500nm simultaneously. The as grown and annealing induced 430nm color centers are unstable
and can be “ bleached ” by low dose rate irradiation. The results of series annealing experiments of
the sample segments can interpret the phenomenon that radiation hardness is sensitive to annealing

temperature.

Key words lead tungstate, doping, radiation hardness



