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Pulse Shape Measurements of Scintillation Emission
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Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received September 7 ,1998)

The experimental investigations have been performed for the scintillation
response that includes the relation between the emission spectra and the decay time. A
simple and useful method was contrived to obtain the accurate pulse shapes of
scintillation emssion. Voltage pulse shapes appear on an accumulating capacitance
charged by the output current of a photo multiplier, and these are observed by the digital
oscilloscope. The scintillation emission pulse shapes are obtained by the arithmetic
differentiation of the voltage pulse data. The emission decay time constants with

multicomponents of the typical inorganic scintillators were estimated.
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BRoTROLLIZTOMEADBE» o EPDLER LN, K3, 3IZRTHEIZ, Cs I (Na)
DEXORREEIE. Cs 1(T]) OZFNELEELTEY, £3. LITRTHRIZ 4 > OWBEFFRIK
DEETHROD LI THELTCES, 18.5usec & 300 usec TREISE-ERMK
S DOAEXIHIREIIR 4 0% B D, Cs I (T]) ERARIZZD ~300 psec DT, EHIZE
WERNEBD THEENICEZLDOTH D,

RN a 1 & Cs I ORNEERGRIE Lizd, £OREREIIE AFIEIC L HRIEDRK
B TWD, DI, BAENRDRZNZE DR ETFHEEOHEREED L - DICHINEE
@< TDET 7E I NAPELBND, #oT, SEOHE TIR IO NV AERERTET
WCHELRD 2T, BB THC s FLRAKRTH o7, MFE2N a [ OBERERBEMIC OV TR, #il
DL DIz Bonanomi i X BBREMOBEKFEICET R0 cBASY . cs 1
ST Knoepfel iz k2 EEOHED 25500, ABEOEBRICHT 5 HE L BHEMTS =
EIFTERY, M Na I, Cs [ ORXIL, BHROFRELMIIAD L ZALREL ZOHI
ET7 —F PR AOBREFBWIRD LTS EIXE xRV, BERFORERMOMELZITH
LIk oT, BIEOBELHATLIFHNOVIEOND TREMLSH D,

ik o FL—HZonWTiE, Cs F IZ2oWTiX1 95 04T Van Sciver (2 X ARF3E
BHDHD, OB EHL o F L —FDRWVELNPBLNDRII R T DIILBRBRITEDZ & TH
%, EuTEMLENTZ{EI LS TN CaF2 (Eu) ORENXEASAVRERAZK 3. 41377,
ZORENXBERIL, £3. 21T THIZ, 82 0nsec D1IKDTTTHE, BAPRLLEK
E < XBREEA~OBRIZBWTA Yy MPIRHEZ DO LEXS, BaF2 & CsF 3%k
PRBPREBENCHLED O PTHERMNENE ZABFAL LTEBSRTWS, EFHEICLD
BIERFAIIE 1 O nsecfBETHY . 2D LI BREWVEERBOREIZILELTWARY, K3.5
IRT BaF2 OREVVRERIT. BORSBEOREICHAENDHEZHATDIZ, A THE
L7 DT, ZOEWRERMZRDD LOTERY, LA, 6 70nsec £ 2. 2 usec O
PRI & LR TEBIIZREWZ A hoTe, TOREIIERT S ETHEETRET
5, M3.6FTSrF ORI NNVRERIT, BaF2 IZBFE R L, Ba F2 LRI
HOWEROPBEINLD.

Bty FL—FIZonTiE, SEEOY L FAEAE LS, SRIOBETIIREL S
Mole CAWO4 EBGO D2fHEIZT LR o7, B2DRNENSINVAERE, K3.7LK3.
IR Y, K3. IR THRIC, MBFL G 2 E UTHRITLIZA ., TORE SV REFIZITH
WCE DBV BMEN RN OBEIND, BIZ. CdWO04 TIIEVWRS OIFEIT LK X
VY,

ZnS (Ag) DaBIAHTIRENIZOVTIL, ZLOBENHY ., BOHRME. 40~10
Onsec, BOEDII, ~10usecTHDEINTVEIRERBNRFMMIIINTHARY,
Broser (1954) L, HOlSICEE thEBROREWESZ

I/ 1g=1/ (1+At) 2
TROELEHEL. ZOBRLEODLDHENFHRESILTVS, ZnS (Ag) DRI THE
HN R RSO RR DB EBERO—HEK 3. 9a LH3. 9b IZRT, ZhE, FEH
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WKERDOREBHTRLED ELTHTLTAHD L, 7T—7F - Ju—%8L10usecll
O EANT, 7 b 3HHTHTD 5O EORS %2 Y THRORITIVGERIE RV
ERD D ol, 1ODBETFT—FIT1000KOBERIIT—F L LTHELNLDN, 1000KT
X 3HTIC I BRI ARV, 2 2 C, BEfEE 4 nsec /R 2510 0nsec /R E£TE
ZTHIEL, SR LTELETRIT L2, ZZTHHEREBBMOEREE > OTHERL, B
AIZ S ADOHRREMZ RO, 2N/ 70 LT 2BEROME U GREILIZERER 3. 41
AT, i, B ETCHEENLREETHS D, BAEOSVRERE RELULTWS, Z0OHE
FRVWC, EFRBOBREEREORANZEHT D2 LHKD,
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£3.1 KWL UFL—F ORNBFFER & FoEphR

Measured Decay Time Scintillation Decay Time
Conversion Efficiency (others)
Scintillator Relative Total Pulse (ns)
T (ns) Yi(0) Intensity Emission | Hight Fokok
Ratio * Ratio *¥H
NaI(T1) #1 240 1. 00 1. 00
1. 00 1. 00 230
Nal(T1) #2 180 0. 88 0.75
480 0.12 0.25
CsI(TD) 920 0. 87 0. 37
4, 000 0.11 0.19 ———- 0. 45 1, 000
20, 000 0.015 0.13
~600, 000 0. 001 0. 31
CsI(Na) 580 0. 86 0.35
3, 000 0.12 0.24 —-——= 0. 85 630
18, 500 0.016 0.18
~300, 000 0. 001 0.23
NaI (pure) o — -
CsI (pure) — — — 8
£3.2 LT L FORNBRRRE L BIEDHE
Measured Decay Time Scintillation Decay Time
Conversion Efficiency (others)
Scintillator Relative | Total Pulsed (n:i*
t (ns) Yi(0) Intensity Emission Response
Ratio * *k
CaF2 (Eu) 820 1. 00 — 0. 50 900
BaF2 — — — - 0.10 0.6
670 — 0. 81 — 630
2, 200 ——— 0.19 -
CsF < 20 —— — — 0. 05 5
SrF < 20 — —-— — ?
1, 200 0.99 0.95
7, 000 0.01 0. 05

* Total photo emission ratio to NaI(T1).

#*  Pulse hight ratio to NaI(T1) with S-11 photocathode response and 1 micro
sec shaping, referred to “Harshaw Scintillation Phosphors (third edition)”

***k Referred to Table A
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#3.3 BREML T L —F ORNBEREE & REHER

Measured Decay Time Scintillation Decay Time
Conversion Efficiency (others)
Scintillator Relative Total Pulsed (ns)
T (ns) Yi(0) Intensity Emission Response sk
Ratio * sk
CdW0o4 3, 000 0.29 0.07 - 0.65 > 500
18, 200 0.70 0.93 < 20, 000
BGO 120 0. 39 0.16 - 0. 08 300
400 0.60 0.79
1, 600 0.01 0.05
Gd202S —— - - -
:Pr, Ce, F
YAG
PbW04

#z3.4 InS(Ag) o F L —F ORI FRER L s

Measured Decay Time

Scintillation

Decay Time

Conversion Efficiency (others)
Scintillator Relative Total Pulsed (nil*
T (ns) Yi (0) Intensity Emission Response
Ratio * *%
ZnS(Ag) pol. 90 0.79 0.07 — 1.3
1, 300 0. 16 0.21 (fora) 200
6, 000 0.04 0.23
~90, 000 0. 006 0. 49

* Total photo emission ratio to NalI(Tl).

Pulse hight ratio to Nal(Tl) with S-11 photocathode response and 1 micro

sec shaping, referred to “Harshaw Scintillation Phosphors (third edition)”.

Hodok

Referred to Table A
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Table A Characteristics of typical inorganic scintillators
Material Wavelength | Index of Density l Hygro- | Decay Scintillation References
(Chemical of Max. Refraction| (g/cm3)| scopic | Constant Conversion
Composition)| Emission (nsec) * Efficiency
(nm) (%) ¥*
Nal(T1) 410 1.85 3.67 Yes 230 100 $, 13~17
CsI(T1) 565 1. 80 4.51 No 1, 000 45 $, 16, 18
800 17
CsI(Na) 420 1.84 4.51 Yes 630 85 $
Nal (pure) 303 11, 12,
400-410 16~18
CsI (pure) 340 1.84 4.51 8 11, 12,
400-410 16~18
CaF2 (Eu) 435 1.47 3.19 No 900 50 $
BaF2 195, 1.49 4.88 No 0.6, 630 10 $
220, 325
CsF 305, 390 1. 48 4. 11 Yes 5 5 $
SrF2 2.44 No
CaW04 430 1.92 6.12 No 500-20k 50
CdwWo4 530 2.20 7.90 No 500-20k 65
BGO 480 2.15 7.13 No 300 8
6d202S 520 2.20 7.32 No 20, 000 72 XX
:Pr, Ce, F (line spec.)
ZnS (Ag) pol. 450 2.36 4.09 No 200 130 (fora)
*  Room temperature, Best signale exponential decayconstant, Ipe- 11t

$x Referred to Nal(Tl) with S-11 photocathode response
$  From “Harshaw Scintillation Phosphors (third edition)”, (1975)
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2% IR

1) S.Kubota and S. Sakuragi, HUH#R Vol. 14, No. 1, p. 28 (1987)

2) E.Sakai, HSH#R Vol.12, No. 3, p. 22 (1986)

3)  G.F. Knoll, “Radiation Detection and Measurement”, John Wiley & Sons, Inc., N.Y. (1979)

4) Harshaw’s catalog, “Harshaw Scintillation Phosphors (third edition)”, (1975)

5) T. Asada et al., Journ. Phys. Soc. Japan 14, 1766 (1959) decay properties of ZnS(Ag)

6) L. M. Bollinger and G. E. Thomas, Rev. Sci. Instr. 32, 1044 (1961) ;delayed coincidence method

Alkali Halides ; Iodide

11) I K. Plyavin’, Optika i Spectrosk. 4, 266 (1958) ; photoluminescence decay times of alkali halides

12) R.S. Storey, W. Jack and A. Ward, Proc. Phys. Soc. 72, 1 (1958) ; decay times of Nal(Tl), KI(T1),
CsI(T1) are 0.23, 0.24, 0.7microsec

13) J. C. Robertson and J. G. Lynch, Proc. Phys. Soc. 77, 751 (1961) ; decay times of Nal(Tl) etc. and
slower decay of 1.5 p sec

14) F.S.Eby and W. K. Jentschke, Phys. Rev. 96, 911 (1954) ; 60ns rise and ~230ns decay

15) R. B. Owen, Nucleonics, 17, No. 9, 92 (1959)

16) J. Bonanomi and J. Rossel, Helv. Phys. Acta. 25, 725 (1952) ; decay of Nal(TI) and Nal(pure)

17) W.J. Van Sciver, LR E. Trans. Nucl. Sci. NS-3, 39 (1956) ; Nucleonics, 14, No. 50 (1956) ;spectra
of “pure” Nal

18) W.J. Van Sciver and L. Bogart, LR.E. Trans. Nucl. Sci. NS-5, No. 3, 90 (1958)

19) H. Knoepfel et al. Helv. Phys. Acta, 30, 521 (1957) :decay of CsI(Tl) and Csl(pure)

20) N.N. Vasil’eva and Z. L. Morgenshtern, Optika i Spectrsk. 9, 676 (1960) ; Optics and Spectrosc. 9,
357 (1960) ; Optika i Spectrsk. 12, 86 (1962) ; Optics and Spectrosc. 12, 41 (1962) ; spectra of pure
alkali halides

Alkali Halides ; Fluoride

31) M. Laval, M. Moszynski, R. Allemand, E. Cormoreche, P. Guinet, R. Odru and J. Vacher, Nucl. Instr.
Methods 206, 169 (1983). ; BaF2/decay!Z X 5B FF 5l

32) S. Kubota, M. Suzuki, J. Ruan, F. Shiraishi and Y. Takami, Nucl. Instr. Methods A242, 291 (1986).
- BPS (BaF2/7" 7271y i)

33) T. Shimizu, S. Kubota, T. Motobayashi, J. Ruan, F. Shiraishi and Y. Takami, I E. E. E. Nucl. Sci. 33,
370 (1986).
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35) O.H. Nestor and C. Y. Huang, L E.E.E. Nucl. Sci. 22, 68 (1975).
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54) S. Kubota, N. Kanai and J. Ruan, Phys. State. Sol.(b) 139,635 (1987). B R
55) P. Schotanus, C. W. E. van Eijk, R. W. Hollander and J. Pijpelink, LE.E.E. Nucl. Sc1. 34, 272 (1987).
La #0

56) R. C. Tailor, O. H. Nesstor and B. Utts, L. E. E. E. Nucl. Sci. 33,243 (1986).  Ce wshn
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Methods A 234, 122 (1985).

59) H. Grassmann, E. Lorenz, H. G. Moser and H. Vogel, Nucl. Instr. Methods A 235, 319 (1985).

60) H. Grassmann and H. G. Moser, Nucl. Instr. Methods A 237, 486 (1985).

61) S. Kubota, J. Ruan, H. Murakami, N. Iwasa, S. Hashimoto, and S. Sakuragi, Abstract for London Conf.
on Position Sensitive Detectors (7-11, Sep. 1987).
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Luminescence (Beijin, China, 1987). ; 7Mi) -n7{b ORKHEE, Iox-4-n BB
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ELAR., E®m|7 — o v C A:s * a2 Y - Ci B R&RE 198 HFMiTick B, 72771, 1eV
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¥ wlw — A Vi Im cd-sr al=lcm/s™= m/s 2

2 1Ci=3.7x10'°Bq °
i Biv 7 A k| Im/m ' . 4. ECHMRFIHAI5ATE bar, barnkd
P a4 Bl~x 2 1L | B g ! 1 R=2.58x10"'C/kg i . )
: e a X U [MEDBA] mmHg 2 &20% 5 7Y
®oW | Bis v 4| Gy | J/kg 1rad=1cGy=10"Gy AT
W OB 4 ®B|v-—~<ak| Sy J/kg lrem=1¢cSv=10"2Sv °
# i P
71| N(=10°dyn) kgf Ibf [t {MPa(=10 bar) kgf/cm’ atm mmHg(Torr)| Ibf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 #1|  0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
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i Bg Ci % Gy rad ;i C/kg R #H Sv rem
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