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Table 1 Characteristics of typical inorganic scintillation crystals

BGO BaF2 CsI: T1 CeF3 PbWO, B-PbF,
Density/g-cm ™ 7.13 4.89 4.53 6.16 8.28 7.77
Radiation length/cm 1.12 2.1 1.86 1.66 0.92 0.93
Moliere radius/cm 2.7 4.4 3.5 2.6 2.04 2.22
Peak emission/nm 480 220/310 550 375 440/530 —
Decay coustant/us 300 0.6/620 1050 30 2.5/11/98 —
Light output/% 7x10 5~16 85 4~5 0.5 —
Melting point/°C 1050 1280 621 1443 1123 822
Cleavage none (111) none {(0001) (101) (111)
Hygroscopicity no no silightly no no no

SHRESBFRENRES, IRERNFREAEFHES. ) AERTEE, U
MTFRESBRENRE. ) NEENESFRHMACEFRTHERHELR. (5) NF
EMRSIHE SR FHENL RN ELR, URBRALETF>H. (6 BEEY,

TRRE, FOEALe. () APBREEEF AR ) BHEER ERRENKE
BBAW. (9) REERMREM, MSEE. REWHFEEOWLE, BRRWE LRER
HIDIRE iR JLF B Bl Nal(T1) BARR AR ¥ #1567 % (38000~68000p./McV), {ELFEFRET
4 (0.2us) . BEEAE, EE MW BGO(BisGesOr) BRBEK (7.1g/cm®), ELBER T K
(0.3us). BaF, Mtk & RFFERS & (0.0ns), HEE B SRR BH R ICHETE 220nm, KB

*1996 £ 6 A 10 HWPAW, 8 A 29 HWHIB XK




464 X O o# ok o 12 %

WERGEE, BEEOAR. N, JLHE%, BRSRBERIN—EEX D TFIRF—
ARHEREIE R 9 NKR R4k, AR KRR ERER. MERLZWEERE+S, BArs
FIANEEHHRTER ., B AK, MEEEMHEILEY, W PbF, . PbWO, F B R 15
TILHREENFREOYEER, NPARESE, PbF, MiIFSYBEEIETIRE 8N
ek, TR —RA BT E 8 & &b

2 PbF, IR ENESERT

Pb 5 F# B -FH B Dy (XEJ4f145d1%6s%6p. BT HEN 1.55, k% 6p® YL LR WA BT
J&, MAZMEEF Po?t. F R FHE FHE Y [Hel2s22p®. JCRIM B AN 4.10eV. BES
KB —18BF I —REFF. RIEZEHENYBAEEE, T4 Pb-F ZE b4,
BFRIE QO B4R 70%, 23T 5.

PbF, KB R (R 2): — R YW (6-PbF,), NHHEIRME, B—MHERIFEH
(a-PbF;), XAR{LIA. EHEET, MELAEMNFAR, SXENMTHAHEZLRE:

a-PbF, — 3-PbF, — #H{K

HAKRESEHMRRAGEX. ST ABR, ¥ET «PbF, — G-PbF, WAF2R
BEH 338°C, ARAEHYIES (AH) X 16397 /moll®). R AR/, FHASE ML, L8 20h /5, A
AL T REF 205°C, L8 8907 /mol*0). — A% G0 T, A IR BE (A8 4L 1 B 2 250~340°C,
MHH A B A G R W R R 40°C. IBAA WA 208K, X FEREE & #
RETHWAZR T —RAE, BEARTHAAE. YRS HE, HENPL &L B-PbF,,
M B-PbF; — o-PbF, WHF BN L HERBRERGTAELHR, W HEANEEER
218

X2 BRHSIESLHBH—BRHEMLER
Table 2 General properties of the two types of lead fluoride crystals

Properties a-PbF., B-PbF,;
(low-temp.form) (high-temp.form)
Systcm[*] Orthorhombic cubic
Structurel® PuLCl, CaF,
Space groupl] D3¥-Puma Op-Fm3m
Cell pnramitcr/A["] a=3.80, b=6.41, ¢c=17.61 a=5.93
Calculated dcnsit.y/g-cm_:’”1 8.473 at 25°C 7.779 at 26°C
Meassured dcnsity/g‘cm"sldl 8.4759 at 10°C 7.763 at 10°C
Meclting point/°C 8.220% 855l7]
Thermal expansion/°C™~! 7.5x107° 7.5x107°
Solubility (g/100g water)!”] 6.4x107?
Compression strcugth/kgcm_zm 200

3 PbF, By¥IBME R

MF LMK 2 TREY, PbF: BREMERREHHREE XEEMREAETHRR
BB L AE F7. BN AT B R AR F BGO 9 83% . #iBUE M 37%. Moliere 42 HARY
F BGO #J 82%. WNBEMAERKF Ak, (87 XK RENE B L2 R M A A -
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4 PP, @R RITEEMY, FICHE T EMDBKSIL (245ns), FICIKA[IE 80% LAk [,
WHREEH (B, YW TFEREKPHENEERTHELPHEEEE (o/n) B, R
AR B =4 Cherenkov 38 &5, iR M A E#

KA B P 5 KB T 86 K, B L PbF,

sa & 0] A 4E Cherenkov £ #[2%. PbF, ¥ 194
HIKWEN ~3, fUERE N 200kg/cm?, S\ o« -
(111) ARFEARFE, XX T & 4 0 T % A 2 gl
EHERAK+ERN. EEKPHBERE 5
H 6.4x107%g/100g water, X ME R Y F E L® S
BaF, #§ 50% . LiF fy 25%, BF A B AR, 174 b=
EZSHF 54 8RE, PbF WG SBIC B A0 20w o0 s
T R AR, AT FRAT RS Wavelenglh / nm
F A A
ML FT W, PbF. RN EE B 1 PbF, Sk a6 5t RE (20°0)"
B EH RS E RN SR E Fig.1 Refractive index of PbF, crystal at
. HAUBETF, HESHEAREFEZAUT 20°C
EBREFHH RN, X& PbF, fIEN
1 S iR E B ES.

4 PbF, RIEMREMTIR H LTI K

4.1 [-PbF.ZEMKBE TR MERE

B-PbF, B R RN —FREFSEMZRANYER 3. —H P 1968 ££74 & 3L 5-PbF,
B — 4R 4F 9 Cherenkov #1%}F ) Mt H & XM BIFRNE T HER, BEE 4.2K
MW EEETER, MEAEICHWEERS 5.69¢V BF, B-PbF. KHREE N 3.98eV B 4G, X4
BB R 20~30K BHER @K ). 5%, Liidja Ml Plekhanov X R, BR T X A-W(H AR
BH 4.0eV KNI SN, B-POF, iBH — M REEAHXT R 5 M K 6 (2.25¢V), R KBE X
20~40K1¢, 1990 4E, D.F. Anderson B EZMEREEE T, B-PbF, FESIERLH; 285,
303 1 525nm, X =AH A ER M A ZIEEARL, H A 303um ZEH K HFME 214us, 285nm
F1 525nm @ T FRETA] 43 5 K 80ps H 610ps. SR EFAB] 20K B, X =AW 53R ENER
BHE RN D) EEEATHREE NG MHE, RRXEAREHTWE, ©II0FERET
eSS R, X584 HE XY (PbCl, Fl PbBr,) FEERSBHRLEFHR 1518,
X FAS L AT 8E 5 B-PbF, 1 Pb2t {7 ¥ BR (Pb2+ 7€ B-PbF, 1 K ERXTHR & Oh, T 7E
PbCl, AR BRIV 2 Cs) T MR H E B (auto-localisation) fEf1HFX. BMRXFH PbF,
BARME TRICEHAEMER, SHTEHNRERTLAER, BAFHAR—BN: —BHE
ERE—DRHEBERLN 4.0V (310mm) BESMR W, 24 PoF, &M ITHE LG
FETMET, YiAE LR 40K (T 552 B K. SFTFXIREEN 4.0cV(310nm) #1KIM K
Yo, —fIAAERBETHIEF Pb2T BFH 2P, - So BT, MRS REREAL (2.25~3.2¢V)
M R Y6 BN N & POF, &P HESEEFZ RN EBZEX (G L) Bl
B YUBEANBETENHRATEASH, SFWEFEH G LESN, ¥=E ite WES
&6, {8 NIKL A 0 X 85 B ERX T HRERICHFN S Pt BFHENCHEX, REY
ERZIEBRAATF Pb> M F- WRABTFH TR A —SRENEBRAY.
4.2 «-PbF, IR ICIERE
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Derenzo S. E. 7E 1990 SE B W ] 22kV B[R] 2E DN 2% X-ray ¥ & PbF, ¥y K ik, F—
KEBR o-PbF, EZB T RAEAENEE, MEHRRSE 1. REXNCREMRS (H% BGO
# 0.1%), (HHIFF B T K PbF, RICHERENFHER-

REGTEEDEFRRTOHERNERRTHKIEAT PbF, RGN EZBTHEXH
#JE, #ET o-PbF, WAL RT 5-PoF, K98, ATFFEET B-PbF; — o-PbF, By
DA 20 R, RS o-PbF, EEBTTUEE HEhF« HWEERT S HNEE,
AR B KRB (210%), BESERKE T RO MBS 5, AHH
M ERERAKREAL. AR EE, iR T —RE%EELY, EHAEL&KES
EAREHFETIE X o-PbF, MAERK. X XFHIGE, i1 R{XEBT oPbF, THEZRT
SR B B RAE. HIEHE T E R 450nm, FERETE <20ns, RENEHAR. XRESHE
L BH «-PbF, WL (<1%) KA X SHFEE, MRS A #HME 74 PoF, 2%
B DGR IER T 3t H (3R 3), KB «-PbF, B9 & YE45E B B R F B-PbF,, i H A\ PbBr, 3|

% 3 Iimxie gt
Table 3 Spectral data for lead halide

Eex/ceV UV emission/eV BL emission/eV
Material Enux Eex - Enux Enux Eex - Enux
PbBr. 4.0 3.3 0.7 2.75 1.25
PbCl, 4.7 3.75 0.95 2.8 1.9
a-PbF, 5.8 4.4 1.4 2.2 3.6
B-PbF, 5.8 4.0 1.8 3.2 2.6
450050 nsintegration Lime, p-p:Z4.5ch.=6.2pglMe_v
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Fig.2 The RT emission spectrum of S-PbF,: B 3 B-PbF.: GA(0.15%) Skt v 4148 (”"Cs
Gd (0.15%) crystal excited by X-ray W) Bk b B B

Fig.3 The pulse height spectrumn of 8-PbF2: Gd
(0.15%) crystal excited by vy-ray (**7Cs)

PbF2, Stokes (L E# M, MTTIE «-PbF: ZEEM T HACHLE T T H AP B AL 5k
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BT W R B 6O BT, I ARG (Pb 2246z, Pb I F N E M R BB Pb BF) | f
sk BT - oot 22 ATk 5 R AR O ILIE R A (resonance excitation) 3.

IR LE 1993 4E, ¥E Fermi EFMBE B LR EH D.F. Anderson Z X} o-PbF, B &6
HEREAT T RIHR, 2 A R o-PbF, BINARBOR 3. i (1157 F A9 B L R iy SR E T olb bkl 3¢
RAFRAEH, B 2katm. BEHF 540°C HBE TEELF —» M EXTHB N FEL
3K 99% LA LH o-PbF,, X EbHE F R BRIM B R M2, UEBERSER
R INIFIEE Cherenkov Y. BEX, o-PbF, BEEERTRSRANFESCXFRFEE
fIFZGTAERASRETHAFHE—LBE.
4.3 #% PbF, B0& FIEHE

34 PbF, RICHREN B — R BB RR M B, F#EH Optovac A A MBI HFER
114> BI7E B-PbF, B AFHE L TTE Sn, Ce, Tm, Er, Ho, Nd. YbFd LK Co .
Cr. Cu#%, UWIHRBRIFNEAICHE HERKRERERE TRAMMESEREL HE
BB BFRE R T Cherenkov M RNHFHS. BERIEBH LBRTERW 5-PbF, dhk AR
a-PbFy, HUVR WA HER T K 8 B W AR AT Y6 B3, —HFIBoE, LRMNAEHG, 8
LB IE 99.99% () «-PLF, Y RAERK, UM ETR Gd mEEH, FHATRE £ERET
KR #8200 PoF. gk B 21 X 300 A S, KM BEREKR, BRI 5
9 312um F 277nm B & Y64 (B 2), BYCIE#BIIT, E15 PoF. WERBREAEENX
R, MRAMNEET G oy -8 S 11, —° S BKiE. £ 32H Brookhaven HZ LK E
i B37Cs YEd &k BTN, F/ T HBH Op.c./MeV BN (B 3), XHLE POF,
Cherenkov Yo i 6 5%, MARWS&. XEFIBAN LK SGHE ——IEZRTREA
AR B-PbF, fik, EirREXT PbF. & &K YR FED — A FH e Fil.
4.4 PbF.KEBHRRG

RKE S R TE 22 W AER T 1) T8 81 /5 8 S 3O Y6 P2 % T Ref9 BR 4 0y 48 B 45, 5 AR ST,
o PTG 4 I8 40145 4 A 7 W 4R TR AU B (radiation hardness). BEREEAFHERBLSH A
— A EEIEIR. C.L.Woody 45 ffl ©°Co iy v 4R, BT . P FHXT PoF, d & #FT AR
BB, £ YEEK LT 30krad B, SEMBERMGIETSH RALERMNER
ik 1Mrad B, A &pm P EM G PO B REE E 4 AT SR 500 45 UL $EHF
3%, %% PbF, A8 BIRGER T o7 LUE R 8\ 4 8 35 0 ) 3k 8 3 3L 4R IR B0 41 290, B mT AR
ABRXENAEAOFEERBRGBAMUYBRENKE. EPREHRERRERR X
YAF. % A 365nm Y %K SRR R B Rk 3x10%rad # PbF, # {& R4 10min, #5192 5t
BRGEP LK E, EEHHHERNAEHK. MBAENESEREP LR
FFECEAAL, FREREEE. BHRE, EWPbF HREENHERERFZEAREL:
—RFER i, —RREEKNITESR WMERRSREPHRAREMGREKE,
PbF, BB EL A TREBIHE L HER.

5 FIERIERE KRR RIXLEHAERE

% BT, POF, SRR — Rk Rt K N Rk EEE. 4, ERKXRT PbF, &
EHTEHRCEASE, PbF, RAMNZRNFERLEHER, MTHREEERNMTE
— P REEERRTHULEMURGRA RO EFI. N THRIGXERE, RITE
WP R AT LI T 9 BF 9T LA -

(1) WAFER PbF. BACHLERMICBEKHE,; (2) IRARABER XS PbF. BB R
B (3) WMLIRALEH Cherenkov IG5 (4) BFFT PoF: WA AR R ELEH S H IR
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The History and Today of Research on the Luminescence
Characteristics of PbF, Crystals

REN Guohao  SHEN Dingzhong  YIN Zhiwen
(Shanghai Institute of Ceramics, Chinese Academy of Sciences, Shanghai 201800 China)

Abstract

There are inany advantages of PbF, crystal for using as a scintillating material in high energy

physics research. The rescarch history ou the luminescence and scintillation of PbF, crystals was

reviewed, especially on the luminescene characteristics under the conditions of low temperature,

phase transition and doping. The existing problems and solving methods were mentioned.

Key words PbF;, scintillating crystal, luminescence, doping



