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O E. X HEREREINIFE, WK T A Bridgman ¥4 K PbF2:Gd Fik
Gd EFIEAKTHMSA. KRRGEE X FREETHREERES Gd % PoF; Bik+a
ERAUYNERITFERESLRERORZHER, KU PbF.:Gd REMEXRRRY I8, X
AR T Gd B 774 PbF: REEPHLIMAY Y. Ed%E PbF:Gd BETEBA—CR
MBEEET, TUHRBRANMNE Gd BF7E PbF. @A FHAYILA, E&HEL RN
SEMBZEREBIPRREE, LU Na BFHELBRIRF. B0 Na BTFRERARH
BT PbF2:Gd &k H Gd B-FRYB TR EBR F 27, M6 &8 o B rg ik Bk
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PbF, Gk 2 —FfikBEE R4 Cherenkov AT A . EEEHFE . EHKELENE
FEEEMZ RIS, B, ANFEER{LELEN Cherenkov HH 51 6L, HiT B/
FNKERE . 1990 4, Nikl L2 MAEWEIRE T L H PbF, REFE=/NRIEH -
285nm , 303nm FI 525nm. {HEZ, EBEH LEREEHINZETURLEREEK & RERE
E8EY, 1 PbCO; . PbSO, Al PbCl, ZHEREB FTRARENIFHIFM, Lecoq ik
X PbF, B EEEB TR K EE T Pb B F7E PbF, Sk o B FRRE K= a B
EHEIGES K EMEFX Po> BFHESEBAR LT HRRE, DLHiZ S
EERTRARNENINEE. BREVBHERRW, TREBABLITESm ., Ce.
Tm, Er, Ho, Nd, YbEd#E&EBLE Co, Cr, Cu, Bi, Ba, Ag%, PbF, Sk
REARN, HFERREN, HREMRSE, THREF®MY —HF 1995 4, wEPSUH
e Gd AEER, AKETEE GdH PoF, Bk, ZREE X HEHETHEAWAE
{8 % 278nm 1 312nm #9K YW 5] F 4 SHRF1 AGS L3RE h 1GeV By W I 159% Bk 698
FEHh 6p.e./MeV , FERATAIY <30ns, 7 lus WEAHKRERAA RHELE 6 XEFE
WMALFTRAHE -—NEZBTRAREZERIFIEN LY POF, k. FXH WK
T PbFy:Gd @ik fy KRR X Gd 7€ PbF, S B 2 f - 1E.
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2.1 Hatled

PL4E BE % 4N #9 PbF, #l GdFs; # K ARk, GdF; £ PbF: @B RIKEN
0.34%~0.92% (EE /R tb) , K FI B0 /5 49 Bridgman-Stockbarger ¥ #4T B £ R . KA TR
BERRBEH 40°C/em , HIR T HEE XN Imm/h. BB ERHERY ¢28mmx73mm @ B AL .

T i PbF,:Gd SiE M RIS, WXE R NaF fl KF 25 5% B /Ry GdFs
BERERSAGT EKNIBLPOF, &k, FIEEMNHRN., EXERNIRRERSEE
A AT ST
2.2 XHEBE TR LR

LW B X STREIBETE, FHEHN 8KV, BEHN SmA. RANSEEHE KR
TR H Y, MBS E R Snm. B RNMICREEN 0~20mV , ERKEEHN
6~12cm/h , & 7EE M 200~1000nm. M E#eF, LN EBEER M LB —1 ¢628mmx25mm
BB AR, M L. TRE. AENEA—KEA Tfon SEEE T A -1 RE N H X
W, H5eMusElEsE. EZETAMNNET ARBAKER PoF, &, UER—RE&H
AEBEHZE X FTRBRETHRNERE.

2.3 XSHEEFAKEI

B X 3% 34 f47 2% Philips 2 &) 4 7 PW2400 B XRF Spectrometer , PAEE B E H # Rh
B X STRE P A X STERR BB ETAR, HHREN SV, FHF K 50mA. kit
) X BFER 35 J6 28 LiFago 2 Yo 258700 06 3F 0 IR EE, BN 8 BIRE 1Y X SR 61
ERBEMFZH, ERAETMRECHNE G R LERRER THE. BREHTIE &
7E 40 MM FE A FIEHIR ¢40mm B9 HE N, ME LW X RIRE. REFTOGRENBA
R RERE RN A I S R EM K.

%t F48 Gd ¥ BN 0.4% Ky PbF2:Gd Gkt A 1 BTR 8907 208 i A 181 AL 12 SR i A
$28mmx3mm § B A (48 5 B E ML R#ESL 3mm) , AR BFHMAR L, THARE.
RE, BEBAFEFTRERNEBRE R I~N28/0EHFE(T) . T B) BAREEXHL
WEHENBE, SHEHKXRESTHEENTE LY GdIKRE.
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3.1 PbF.GAdR&IRNEEBE

PbF,:Gd @& TE X HARMR THARAMZItE (B 2), K2 5N 3120m 7 278nm,
o 312nm B HERBRETE T 278m. M FARARBREEN BERE NF—XREALE -
B Rk R BEREBMRENRRTANER (B 2), MXHE—BRNREN&
WHE, MENRCEAREERETRBS, KAEHRERLZHHE, LR 312nm K
e e i 38 JBE A b B 0 U (I 3). (ELXNIB Ak Rk B R 6 R BE B B W AR MK HR BE A B TS (B
3 FHI 4 B B1-B4).
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Fig. 1 Schematic diagram of samples cut

along the crystal length
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Fig. 3 Luminescence intensity of PbF2:Gd
(Al to A4) and PbF2:(Gd+Na) crystal(B1 to
B4) at different distance from the bottom of
the crystal
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Fig. 2 Luminescent intensity of PbF2:Gd crystal

as a function of Gd-concentration
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Fig. 4 Distribution of Gd ion along the

growth direction of PbF3:Gd crystal(ll) and
PbF3:(Gd+Na) crystal(Q)
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PbF, ik Gt BTFHAREALE TR IRREESERIES, BiEHEFHEN, W
ST R G B FNA LR AWM @AY, Gd* BT PR, BEHRESERY >1 #15F
1L $50R, B 39 PbFo:Gd Rk A GREM A G EN R EE 4+ Gd TRIAER
A AL LA AT R AR, B R DA R 0 TOU R AT P A KR R R R R DR S
# R E & Gd B F1E PbF. R HE AR5

Wi A 45 BE /R NaF 1l KF 43 5]5 GdFs BEFERK M NBRA/LERE, £ UV-
265 R 43 BEACIIR, RINBFME REZIERY BHTEE Gd (b e (B
5), MH, # NaF WERRBTFBKFH. 552 Gd HFBREME, WiB (G +Nat)
R BEE X FRERATHEABDIBERKRYE (B 3). A X HFREEKEHEINT
PbF;:(Gd®**+Nat) RiE P ARABEEY Gd & & (B 4), KIANB/E Gd 7 F AL & AR
BEAmEREEHIT.
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Fig. 5 Transmission of PbF; crystals doped with °s .4l

Gd and Gd+Na/K ions
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Fig. 6 Energy level scheme of Gd3* ion
4 ZREREIITHE

4.1 PbF:GdR{EHIRIHIE

B E4tisr 7 PoF, S ARG HNEETRERET, AZRTURELER P miE
Gd BF# PbF, RAEZBR THHARNEALR, HHREHXBHAN KK 545 )7 PbF,
RIRTERB I & IR R N LA ETEENRKR. H—F @, PbF:Gd &k
EXHEMETHEANBES GIBTHBRE (B 2) MR A B A HRRM KT (F
3). X% B PbFo:Gd JikM ZXFEF G3 BF, BFAILP LR, TH PbF, Bk
HFHBHXER.

WIENHEEDR B, GEYAS) BTEREA S, BESMEFLHFET EINRKBBRS
8Py, SI;, Dy MG, HREKETEIEHEFNERBET, BR Py =55, ZHEMY
BRiE & &SI 312nm FAFIEA I, TWiRELR 1) — 8S7/0 Z [B] MY BRIE M BE K 5t i 1<
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J7 278nm B FFERE (B 6). ZE & A Gd® BFMHAEY (0 GAOCI # GdPs014) f138 Gd3+ B
F#y LaOBr @ik, #MYMEFRKE GSt BFHOP . 61, Dy prs "8, REEN
HHFERBETHAR, HRFEEES—B, HHGET BFHREAZERBHEMEER
/MR B 312nm &G IHE F Gd*t BT 6Py o 85, BRI, 1 278nm &G IEFIA
B F ®I; ), = 8572 BRE.

B2k BTCs MR FIRM A MAEHER MM E T PbF2:0.15%Gd &k 8y £ 65RE, MG
Y6 B T PR 8 R 6p.e./MeVEl Bi#E 4 K TR AW, W4 Gd* 7 PoF, Bk iy
WEBTLIEED 0.68at.% , EEXHEAMK THARNBERENEST 4~5F (EH2). 2
MBGLER T Gd®F £ PoF, SETHBRIKE, WRE SSRGS EITHMNE LR,

ok, HESEFES, HE G 7 PoF, B RENREER, EHEMN
W EIKSHEA=SAEEEBARES, EMNRET G 8 4f - 4f BRIEFT IR KK
L.

EREHME SHES GET BFHNLEGWHE, £ PbF,:Gd &M X HLMEXR
XY, BREBIE °Dy - 887, Ml 6Gy — 38y BREMXT MY K6 XFHRFHIA
HEBTFREWERKTK. EA 5-PbF, &8RN 250nmb) , i 5Dy — 85,/ M
8Gy — 887y BRIEM A NGB M43 ) K ~250nm A1 200nm™®! , & {14 PbF, £ &# K, H
REUNBEPBES K. BE BREWNERRE P — 85y, KEH =4 305nm &
&, REZHREEEN, ZRRERAFKE, HHTREXHMHRECRE TR £=, kA
P IENRBEFERTRE 5, WANRE, RBMEESETEREIEFRES T
8P BBER, BLEW P BBREAERWARSHE.

4.2 Wig % PbF, REXN N R ENE

TR RIERNNERER — MO RN E, BERBENERAT a4 &
F PbFy:Gd M EX P LEREMEE T GO, ALHEREREN LY O, LHER
Gd3* 7£ PbF, d& &R EA A S, MREE FEERAE PSR BEBRT 44
FEFESEFHSUFRAERER LEREHEMNIEREX. O F RS RE
BEHEHAOEW, ZRBN Fodm , GBS a=5.94A. % GdF; # A\ Z| PbF, Gk, B
EHBLRBETZHERS LA TFELRSBZEME M BRHE FHER. BTFBITARSH,
GdF3 # A\ PbF, &4k B AT B BRI R 7 R o 110

GdF; P2 Gd;, +2Fp+F) (1)

R HERRE G BN PO BTRA, MERNF- BFHARASRBEPH [Fs)
2B, ERER P BT (F). BT Gd™ WEFH2 (1.10A) Ik Po> BB F43 (1.204) 45
EAEL 15%, FRAFEHES. FEENR, PbF, BEPEER [Fs] TRIRERST L
(K y 2.97A) SAE R EHN F- BT (1.338) WHEANQIE T AR &4, HHERETS5HERK
NEYEBRE. EW PP REX GIF; RIFARBEHEEME, FHAN G BF7E PbF,
mAPHEREERTEZFHOHETFHEE, MOEAKE >1. HERRE T 0 F1E
WA T GESHEFRERE, BT RENERES.
m—r ST R T) A, FELRSHERMEETZ M BAEE T V4.
Gd3++R*=2Pb2*
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B F NaF(3t KF) #EA PbF, &k T BE 3] & a0 s i vy 01
NaF P22 Nat, +Fp+Vp (2)
IM7E, NaF+GdF; FIET#8 A PbF, g, T BT #EAT (Y R B R AH 24 T B3R 4~ 52
R fE R (1) At (2) @y &gm, B
PbF,

GdF3+NaF —=% Gdpy+Napy+4FF (3)

B AR H, WBZEARNERT $48 GdF;s BB B RIBREE F (F), MABRHERT
#.38 NaF B FTIE LAY 0L (Vi) WTTR KRR T Sk b BRI B0, R\ T B RAZE
SRS ETF Nat SRR T K BFHREE, WARTREREN Nat
(B F2k42 (1.184) W K+(L51A) EHEFRERE T Po> METHRB (1.204), BHE3
D R R A Y TR BE AR B/

5 &R

1. PbFy:Gd @A4TE X SIRMA THRNABRER G BMFREWRTM MR, ER—
AR, G TR BE A R T 6 3 1 45 o 4 0RO R T R

2. Gd** B F7E PoF; AT S BRANEARY TN, NE&EMAERENEREH
A

3. £ PbF2:Gd Sk 8 N\ E B AT & 8 B 1 7T LA BR800 4R 0 dR A B9 R O6 3 Sy
EHE, REE Nat BFHRRENAR. Not BTFMERBOANEBREMET PoF, @ik
B G BB AT TR B F &7 Sk ba e mE.
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Luminescence Intensity and Uniformity of PbF,:Gd Crystals

REN Guo-Hao, SHEN Ding-Zhong, WANG Shao-Hua, LIU Guang-Yu,

NI Hai-Hong, YIN Zhi-Wen
(Shanghai Institute of Ceramics, Chinese academy of Sciences, Shanghai 200050, China)

Abstract: Gd doped lead fluoride crystals were grown by modified Bridgman methods. Under
X-ray excitation, their emission intensities peaked at 278nm and 312nm increase with the doping
amount of Gd3* ions, but decrease from the beginning part to the finishing end of the crystallization
along the growth direction. The concentration of Gd3¥ ions in the PbF, crystal, analyzed by X-ray
fluorescence spectrophotometer, also decreases in the same direction as emission intensity does. The
correspondence between Gd content and luminescence intensity of PbF5:Gd crystal demonstrates
that the non-uniformity of luminescence intensity results from the in-homogeneous distribution of
Gd®* ions in the crystal. It was found that by co-doping suitable amount of alkali metal ions, such
as Nat and K+, with Gd ion into PbF; crystal, the difference of luminescent intensities and Gd3+
concentration from the bottom to the top of the crystal become smaller and the transmittance is
higher than that of the single doping crystal. Especially, the uniformization effect of Na* ions is
better than that of K ions. It shows that the role of Nat in the PbF2:Gd crystal is eliminating
the interstitial fluorine ions formed by the doping of Gd3* ions and so decreasing point defect
content in the crystal.
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