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Scintillation Characteristics of CsI:X(X=Li’, K', Rb")

Single Crystals
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Csldll FXMAZE Li, K, Rb& #HrFsle] Csl{Li), CsI{K) ® CsI{Rb) ©¥EAHE Czochral-
skimg o2 SAstgitt ¥Cs(0.662 MeV)ell digh CsI(Li:0.2 mole%) A#A2] oliix] F3)
2 145 %ol9da CsI(K:0.5 mole%) A4+ 15.9 %olgl.ow CSI(Rb 1.5 mole%) A3
xﬂL 17.0 %214t} ©]& Csl(Li), CsI(K) 2 CsI(Rb) A#Al2] 74l eld=|e] vgt oix] =
A A3A ol dAulE A|ZHEA Y (CFT:constant- fracmon timing method) 2. &
~‘74ﬂ CsI{Li:0.2 mole%). CsI{K:0.5 mole%) ¥ CsI(Rb:1.5 mole%) 342 A7+ £

& 2174 9.0 ns, 14.7 ns ¥ 9.7 nsel¥ch Csl(Li0.2 mole%), Csl(K:0.5 mole%) %
CsI(Rb11,5 mole%) *é%iﬂﬂ] HPgH A 22t 17 =41.2 ns, t2=483 ns, r1=47.2
ns, £2=417 ns ¥ r:=41.3 ns, r2=553 nseolgdct. zElm CsI(Li:0.2 mole%),
CsI(K:0.5 mole%) 2 CsI(Rb:1.5 mole%) @d2AS] A3 zke 42 051 s, 057 s &
0.56 golsdrth

Abstract
Csl single crystals doped with lithium, potassium or rubidium were grown by using Czochralski

method at Ar gas atmosphere. The energy resolutions of CsI(Li:0.2 mole%), CsI(K:0.5 mole%) and
CsI(Rb: 1.5 mole%) scintillators were 14.5 %, 159 % and 17.0 % for “'Cs(0.662 MeV), respectively.
The energy calibration curves of CsI(Li), CsI(K) and CsI(Rb) scintillators were linear for y -ray
energy. The time resolutions of CsILi:0.2 mole%), CsI(K:0.5 mole%) and CsI(Rb:1.5 mole%)
scintillators measured by CFT(constant-fraction timing method) were 9.0 ns, 147 ns and 9.7 ns,
respectively. The fluorescence decay times of CsI(Li:0.2 mole%) scintillator had a fast component and
slow one of 7, =41.2 ns and r,=483 ns, respectively. The fluorescence decay times of CsHK:0.5
mole%) scintillator were ¢ ;=47.2 ns and 7 =417 ns. And the fluorescence decay times of CsI(Rb:1.5
mole%) scintillator were 7 ,=41.3 ns and r =553 ps, The phosphorescence decay times of CsI(Li:0.2
mole%), CsI(K:0.5 mole%) and CsI(Rb:1.5 mole%) scintillators were 0.51 s, 0.57 s and 0.56 s,
respectively.

Key Words : Csl scintillator, single crystal, pulse height spectrum, energy resolution, time resolution,
decay time
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Fig. 2. Pulse height spectra of the Csl(Li) scinti-
lators to (@ “Cs, (o) *Mn and ()
“Na gamma radiations.
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illators to (@ ''Cs, (b) *Mn and (©) ®Na
gamma radiations.
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gamma radiations.
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Table 1. Energy resolutions and relative light
outputs obtained from Csl(Li) scintillators.
Energy (MeV) 0.511[0.662|0.835]1.275
. Relative light
Li e “t’e t’g 069 | 086 | 1.02 | 1.35
outpu!
.02 mole%
002 mole%6 5 lution (%) | 199 | 152 | 123 | 82
Relative i
Li ea “t’e ;ght 074|092 | 1.08 | 145
o outpu
0.1 mole% o ) tion (%) | 193 | 162 | 120 | 81
) Relative light
Li e “t’e tlg 083 1 | 115|156
5 outpu
02 mole% I ution (%) | 17.7 | 145 | 114 | 79
. Relative light
Li ot 074 1 092 | 1.12 | 148
o outpu
03 mole% o Jution (%) | 196 | 154 | 123 | 87
Measurement Coarse gain : 5, Fine gain @ 0.6,
condition Shaping Time © 3 gs, HV : -690 V
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11.4 %oldet. 8)a ®Na2 23] ol4 FAi=}
AdEE Qsle] MAZE i9x](0.511 MeV)ell
g B 17.7 %oy, ®Na & A%
A wkEsle U] (1.275 MeV)eoll digt &3
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Table 2. Energy resolutions and relative light
outputs obtained from Csl(K) scintillators.
Energy (MeV) 0511 ]0.662|0.835|1.275
Relative light
K ea 1:e t‘g 067 | 081 | 057 | 1.33
o outpu
0.1 mole%s o ition (%) | 206 | 163 | 130 | 88
ive ligh
K Rda“‘t’e t'g “losi| 1 118154
o outpu
05 mole?s e ution (%) | 196 | 160 | 132 | 94
Relative light
K ot 083|109 | 127162
o outpul
1.0 mole% o s ution (%) | 19.1 | 168 | 133 | 10.0
Relative light
K ealze tlg 119 | 139 | 152 | 206
o outpul
1.5 mole?e oo ution (%) | 193 | 180 | 13.1 | 99
Measurement Coarse gain : 5, Fine gain : 0.6,
condition Shaping Time : 3 us, HV : -690 V
F 3. CslRb) MEHES ddXx] Fallsnt A

CH 2!%'3—1.
Table 3. Energy resolutions

and relative light

outputs obtained from Csl(Rb) scintillators.

Energy (MeV) 0511|0662|0.835|1.275
Rb Relative light 072 | og9 115 | -
05 mole%s Reso(;zltti‘?)l: ©o) | 287 | 221 | 174 -
Rb Relati\t/e 1tight 0761092119171
1.0 mole%s Reso(l);ltg; (%) 234195145101
Rb Rdzt‘i;zu’tigm 085 | 1 |126|181
L5 mole e colution (%) | 211 | 170 | 130 | 87
. Relati\t/e ltight 098 | 1.26 | 142 | 1.97
2.0 mole% Resocl)sti?)]jl (%) [ 226|180 | 137 | 95
Measurement Coarse gain : 5, Fine gain * 0.6,
condition Shaping Time @ 3 #s HV : 690 V
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Fig. 6. Energy calibration curves for Csl(Li), Csl(K)
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2 A AZE Bele2 dAulE AR
¥ (CFT: constant-fraction time meth-
od)= AMEsted FA3HsCn Fast-Filter-
Amp?] "& AAHF(D)E 100 ns, HE A/
(DE 100 nsZE 3tz 1 Ade A17H2 0.488
nse|ic}.

a8 72 CsI(Li:0.2 mole%), CsI(K:0.5
mole%) ¥ CsI(Rb:1.5 mole%) 4352
AlZk~H ER s A17F Rl golo), A7) Rae-2
Lig 0.02 mole% H7Iskds w. 713 4
velhdoer oF 7.9 nsolgitt KE gAdAls A
7FE CsI(K) A#AEe] A7 Hals2 KE
0.1 mole% #7}slsle o, <F 11.6 ns&E 7H3+

_5_



6 T, BAE

Fokom, Ko ¥58 VKRS AT s
< Aztstgict. 1831 RbE SAAE A7kt
CsI(Rb) 43452 Rb¥E 0.5~2.0 mole
% W HellA Az walFe] WHike 8.8~
10.7 ns2A & W3 ¢l

(@) Li: 0.2 mole%

(b)K:0.5mole% (c)Rb: 1.5 mole%
1ch=0488ns 1ch=0488ns 1ch=0488ns
FWHM=9.0 s FWHM=9.7 rs

10 FWHM=14.7 ns.

COUNTS / CHANNEL

: |
‘0500 600 700 800 500 600 700 8O0 500 600 700 800 900

CHANNEL

23 7. CsliL, Csl(K) 2 Csl(Ro) d2xE2l “Na
2| 0511 MeV 7 Mol CHEH A|ZHESHS.
Time spectra measured with Csl(Li), Csl(K)
and Csl(Rb) scintillators for 0.511 MeV 7y
-rays from “Na.

Fig. 7.

4. B P AYSY
FAHYE 2 A gl wet SRELE
o] o371 F oi$ AL AZH(~10" 5) Ekel

7FA332] BNEE R (prompt em SS-
ion) Ateln el FPwc} wpato] 71 e
WEolw FAl b2 1 S4Ale] B

A} a3 QBEAE 2HEAe] ¢5 84
A E79 5= 4 AASA v Sl 953
]:]_[4 13]

CsI(Li:0.2 mole%). CsI(K:0.5 mole%)
2 CsI(Rb:1.5 mole%) AHASe &7kl

o], &
BB 123k Hel2 a2k fittingsted
Fatg e PR TAe W A ()

3 g ZHA R () 22 FAE e

B2 A Az CsI(Li)ARAEe 3%
72 A7k Ligl E=7F 0.02 mole%olA 0.3
mole% = 7kl wel wE 24 F (1)
38.6 ns ~ 43.1 nsE 79 dAsz, ==
A4 E(r2)-2 373 nsollA 433 nsE 7135}
= AgS Jelggdet. 282 KE 0.1 mole%
oA 1.5 mole%2 F7Vgol wet CsI(K) A
2719 w2 A E(r )= 36.8 nsolA
51.4 ns& 47t Sbskch oy =3l 74
AE(r2)L 515 nsollA 292 nsE a3t}
w3k RbY +%7F 0.5 mole%°lA 2.0 mole
%2 Z71el wel CsI(Rb) AsgAle] wie

A3 E(r )2 36.6 ns ~ 43.1 nsE A9
dAdstd s, =3 ZFAAE ()2 893 nsollA]

633 nsE #4aste S vehledn)

(a}Li: 0.2 mole% (b)K: 0.5 male%
1247215
=417 ns

12412108
K 1,=483 ns
€ 0

12
-14

(c}Rb: 1.5 mole%
t=413ns

1,553 ns

o d b

LIGHT |NTEP~(I)SITY (arb. unit)
Inft

200 400 600 800 200 400 60D 800 O 200 400 600 800

CHANNEL (ns)

a3l 8. CsliLi); CsliK) &
=M.

Fig. 8. Fluorescence decay curves for Csl(Li),
Csl(K) and Csl(Rb) scintillators.
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Fig. 9. Phosphorescence decay curves for (a) Csl(Li), (b) Csl(K) and (c) Csl(Rb) single crystals.
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