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I MPPC (multi-pixel photon counter) $12572-025, -050, -100C/P

== Structure
SEEo Symbel mec | meoc | -wooc | oz | osoe [ oor |) ot
Effective photosensitive area - 3x3 3 =3 mim
Pixel pitth 5 25 50 100 25 50 100 pm
Nurmnber of pixels - 14400 3600 900 14400 3600 900 -
Geometrical fill factor = 65 62 78 65 7 i} %
Package - Ceramic Surface mount type -
Window - Epaxy resin Epaxy resin -
Window refractive index - 1.59 155 -
== Absolute maximum ratings
_ 512572
Parameter Symbol | 5o T s | o | oz | ose [ oo |) U™
Operating temperature*! Topr -20 tn +40 0 to +40 °C
Storage temperature® Tstg -20 to +60 -20 to +60 =
Reflow saldering conditions™ Tsol - Peak temperature: 240 °C, twice (see P.E) -
Seldering conditions - 350 °C max., once, 3 s max.”? = =
*1: No condensation
3: JEDEL level 5a $12572-100C/P (Vop=Ves + 1.4 V) |
“3: At least 1 mm away from lead roat
Note: Exceeding the absolute maximum ratings even momentarily may cause a drop in product quality. Always be sure to use the (Typ. Ta=25 °C)
product within the absolute maximum ratings. S0
== Electrical and optical characteristics (Typ. Ta=25 °C, unless otherwise noted) E
; : 513572 - ey "
Parameter Symbol ; Lnit
i 35C | osoc | dooc | o | osop | deoe | U™ g / N\
Speciral response range A 320 to 500 320 to 900 nm = 30
Peak wavelength Ao 450 450 nm 7 \
B ST | e » = : : \
20
F;E. 1000 1000 B
Dark count™ vy 000 000 kcps -: \
Time resolution (FWHM)* - 250 [ 250 [ 300 250 [ 280 [ 300 ps N
inal capacitance Ct 320 320 pE E 10 \
Galn ) M 515x 10° | 1.25x 10°F | 2B = 10° |S15x105|125x1 2Bx 108D -
ATM | B2 %100 | 27=10° | 12x10° | B2 =100 | 27100 | 12=10F | J°C \
(_Breakdown voltage ) ViR 65 =10 6510 ) v o
Recommended ppersting voltsge|  Vop | Wer+3.5 | Mar+26 [ vep+ 14 | VeR+35 | VeR+26 | Var+ 14 [ 30 400 500 800 FOO  BOO 00
Temperature coefficient of A &0 50 \
recomimendad operating voltage Tvop ik Wavelength (nm)
*4: Photon detection efficiency does nat indude crosstalk or afterpulses.
*5: Threshold=0.5 pe. pm——
*6: Single photon level

Nota: The above characternistics were measured at the opersting voltage that yields the gain listed in this catalog.
(Refer to the data attached to each product.)

The last letter of each type number indicates the package type (C: ceramic, P; surface mount type). Pl deseiion sifiienty o o s trystabe gr it pes:



MPPC ADC Distribution

LEDYt= 1.88 p.e.tBY

MPPCHIINEE65.32V h301
= h301
# | Entries 10000
B G ainl ' Mean 823.4
250— N 11p.e RMS 27.22
N | ’\ %2 | ndf 2063/ 12
- ‘1 2 p.€ Constant 1738 £ 6.2
00— QOp.e. | Mean 788.7 + 0.1
L N ‘ Sigma 3.486 + 0107
N |
150 +— \“ s Sy N
: LIV 3P ~s—greamicsame~
: \ LEDY¢ & : 3TE$R T RITRE 2T
100 — | et Hevent = METEAE<RRIRE
3 19N
50— A
A
l:l' | ladll | 1 | 1 1 1 1 1 1 1 fulﬁrmﬂl.ﬂ..n_m__u.m | 1 1
750 800 850 900 950 1000
ADC Channel

~IBIEHRK (gain): w(V)DKHH~
(M—M,)x0. 25[pC]

u (V)= 1.6x10 "[C]

M: Mean of 1p.e. peak
M_: Mean of O p.e. peak
R S R

SEEINIZFCAMAC ADCIC BT 31BIERETE /LT,
EASIROCDIZ A T2 E RTTETLHRLY,



Gain

107

HV-Gain

MPPC7: $S12572-100P Serial No.110
%2/ ndf

p0
p1

1.42/5
5.156e+07 £ 1.174e+06

-3.335e+09 + 7.687e+07

65.6

65?

65.8
Bias [V]

Measuring Accuracy[%]

Gain

error_stat

error_sys

2.04E+07
2.71E+07
3.32E+07
3.96E+07
4.53E+07
5.13E+07
5.74E+07

1.3TE+05
1.28E+05
1.2T1E+05
1.27E+05
1.37E+05
1.48E+05
1.69E+05

9.54E+05
4.58E+05
3.87E+05
2.92E+05
4 90E+05
4.46E+05
3.24E+05

MPPC7: S12572-100P Serial No.110

65.8
Bias [V]

/,JJE*EF‘F 10% K7

FRE L3EDRARERE D T ECHY

RifERZEO p.e. &1 p.e. DIESEH]
error_sys= 0, +0,

RETERZ="

error_stat = o /sart(event)
EASIROCEY a2— /LA Damprifier®=&Ed
ENIATT—HEFBLIEW,

p.e.



Noise Ratio

MPPC Noise Rate 0.5 p.e threshold

Noise Rate [%]
w
b - MR L2
R4 |
< 48 |
< 3 |
| <4 |
O g |
X n

1

0
65.00 65.10 65.20 6530 6540 6550 6560 6570 6580 65.90

Supply Voltage [V]

1 kHz 7NIVRICEBN)H—EDT7 0 F570%
L1 5> XA TNoise Ratio& 511,
REETIZO0 p.e.DFAHHLLHMNTLS,
SEETIEENMEEE /A AN ELRME

1 .5 p.e.’C&’fC65.44V0)E%7b‘ 18 1F & 31

Noise Rate [%]

1.4
1.2

1
0.8
0.6
04
0.2

0

65.00 65.10 65.20 65.30 6540 65.50 65.60 65.70 65.80 65.90

MPPC Noise Rate 1.5 p.e. threshold

o

| m -
¥ :

Supply Voltage [V]

e

Xe¢H

m No.104
¢ No.105
No.106
A No.107
» No.108
No.109
»No.110
No.111
® No.112
No.103

P —57k— )L REIADCIE M H—Dwidth
IR L ALY,
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MPPCx10 Calibration

e HV-GainBli#&. Noise Ratio% F¥ff

 Noise Rate 0.6%K5mD7/=HICIXEINNEEG65.44V, 1.5 p.e.
threshold A & IE

« TDORFDIEEER:~4x 107 ™

. HV-GamH}E?’f}%}EUE*ﬁ}% 2] 0-20%, T%]Gainﬁ%1 O%EEE%

e GaingHMEIDETRE A EDHE

M OX B

EASIROCICTZ Y THA>TWB DS GHIEENAYAT &
NTIHBWDAEHRATES,

Noise Rate[Hz]&Noise Ratio [%]DEW. ADCOEDE
\1\0 L/_O_O/__l_\_)l/ F\ﬂ\ Eﬁ?lﬁl

~MPPCOMD /X5 XA—4BFEICDWNT~
 PDEQHVIKEF - EFIEXRDBIEIERIEKGFE CHRE
o BERIDHRAE --- EASIROCEY 12— I)LDOTDCHABEILL TLMR LY
o GainENoiseDBEEMKEFMY - REGIEETOHAEEIC/AWL



PMT Calibration
H11934 -200

Spectral Response 0] = |Maximum Ratings] Cathode Characteristics

Janode o

£l
A Luminous | Blue @ T
Photo- Dynode | ¥ m |Sensitivity| Quntum Cathode
TypeNo. | Range | Peak -:umm]*"“".w.“; stween 0105 ém]mm“‘"““' Supply
Matorias Stges| and | Min. | Typ. tTw- Typ. | Typ. |VoltaGe
{nm) {nm) (V) | (mA) HuAdm){{uAdm) (%6) l(mAMW[ (V)
R11265U-100 |300 to 650 400 SBA MCM2 | -1000 0.1 75 a5 13.5 35 110 -900

R112650U-200 |300 ta 650 400 UBA MCAH2 | 1000 | 01 75 120 | 155 43 130 | -800

H119§£_l-‘tbﬂ 300 to 650 400 SBA MC/Hi2)| -1000 | 0018 | 75 95 135 | 35 110 | -800
H11934-200 D300 1o 650 400 UBA McC/12]| -1oo0 (o018 | 75 | 120 | 155 43 D 130 | -900
H11934-100-10{ 300 to 650 400 SBA MCM2 | -1000 | 0018 | 75 95 13.5 35 110 | -900
H11934-200-10{ 300 to 650 400 UBA MC/12 ) 1000 | 0018 | 75 120 | 15.5 43 130 | -900
NOTE: A SBA: r bialkall, UBA: Ulira blalkali /@ K: Borosilicate glass  (i© MC: Metal channel : . : .
:IE?:- Ouannsjll:ﬂp:lﬁdancyrm measurad atﬂ'lapaaﬁ sansltivitiy wava?anglh {3-50 nmj. Left: A11265U BETIES, Hrghrl' H11834 saries
E Cathode radiant sensitivity is measured at the peak sensitivity wavelength (400 nmj).

E e o e e

Figure 1: Typlcal Spectral Response

i
Anode Characteristics
Luminous Time Response Fuine ity

- Dark Current ———— " Operating
% (Ater30min) | oo | ime | T-T5. | 22% | +5% | Ambient w““"' Type No.
£ Min. | Typ. | Typ. [ Typ. | Max. | Typ. | Typ. | Typ. ki
E £ (A/lm) | {AJlm}) fnA) | (nA) | (ns} | (ns) | (ns) | (mA) | (mA) {"C}) {"C)
E:Q ds | 85 | 83518 2 20 L ——
EL-LI » 15 W0 | daxlo | 20 p27 Y 20 60 10 4 e 112650200
fin ¥ T (R15)] (B0) | (5.0 =105 ( ;
n E i R 3 oA 15 B0 | Bax 1D 3 20 ta | s8 W@30y| (300) | (400} H11934-100

EiiEasL a0t A\ 15 180 C1ax1 2 20 H11834-200
EE i [0 | @) |ArTim| 2 30 ) | (00 | re00 Oto +50 |15 10 +50} Heasac100-10
EE 1 x (10) | (60) |(sOx10%] 2 20 W] Xpoey| e H11934-200-10
mg R [ )-Measured with the special voltage distribufion ratio (Tapered Divider) shown below.

N
8o ™ VOLTAGE DISTRIBUTION RATIO AND SUPPLY VOLTAGE
E a.1 Electrodes | K Jovi [ Dy2 [Dy3a [ Dy [ Dy5 [ Dy6 | Dy7 | Dy8 [ Dya [Dyi0[Dyt1 Joyi2] P ]
8 $ ¢ : =0t Standard Divider Type | 25 [ 13 [ 08 [ 08 | 1 1 1 1 1 1 1 | D5
[ == CATHODE RACAANT SENSITIVITY ~7 3 Tapared Divider Type a3 1.6 1 1 i 1 1 1 1 1 1 a7 1.3
SEEEANHIMETFRISGE: . Sl Supply Voltage: -900V, K: Cathade, Dy Dynode, P: Anode

0.
éﬂﬂ a0o 400 500 LE] oD BOG

WAVELENGTH {nm)



PMT ADC Distribution

LEDYZ 0.39 p.e.tBY

PMTEINZEE1380V heg

— Entries 10000
- | Mean 103.3 + 0.0524
- RMS 5.236
B | M - Mp | Integral 9985

10° = | - %2 / ndf 258.3/2
- Constant 4926 +75.2
B | | Mean 102.3 £0.0

- | | Sigma 0.7468 + 0.0084
= |
- | | ~B—FRIEICLDAIE~
B LEDJt & : 3TE 4R T Rt ER =% 51

10 — | | Hat1 Hevent = fRETERE<RIRERE
= | |
B | |

1

-|H I | .HPWH.H.ﬂ.M

1I]'D 110 120 130 140 150 160 170

~i%ma$(gain). w(V)D3RDF~ ADC Channel

(M—M,)x0. 25[pC]
M: Mean of 1p.e. peak
1.6x107"[C] M,: Mean of O p.e. peak

w (V)=



HV-Gain

PMT: H11934 -200 DA0296
PMT: H11934 -200 DA0296

¥%2 [ ndf 5.408/10 s 00000050000 000000 0000000000000 OO S SO
po 3.095e-06 + 4.99e-07 -
pi 4.192 + 0.02159 T OV OO O P SO RSSO S

107

1200 12I50 13![301I 1350 14|00
Supply Voltage [V]

HV Gain error_stat error_sys
1180 2.30E+07 1.06E+05 3.96E+05
1200 2.44E+07 1.09E+05 7.03E+05
1220 2.71E+07 1.30E+05 5.39E+05
1240 2.90E+07 1.25E+05 9.34E+05
1260 3.12E+07 1.29E+05 5.99E+05
1280 3.29E+07 1.31E+05 7.51E+05
1300 3.48E+07 1.33E+05 5.42E+05
1320 3.69E+07 1.38E+05 7.75E+05
1340 3.97E+07 1.45E+05 8.71E+05
1360 4 33E+07 1.61E+05 1.14E+06
1380 4.69E+07 1.72E+05 1.57E+06
1400 4.85E+07 1.81E+05 9.74E+05

Measuring Accuracy[%]
(=1}
|

1200 1250 1300 1350 1400
Supply Voltage [V]

BIERE :: 10% K
PRz X 3EDRIRRENZBCHY

Op.e. &1 pe DFESEMZ s &ELT,
error_sys= o, +0
REtER=

error_stat = o /sart(event)

Tp.e.



Noise Ratio [%]

Noise Ratio

0.25%
0.20% E %

0.15% |

[ | % T m B
0.10% L

;-%%

0.05%

oo %§.§$?3?§§ E

1150 1200 1250 1300 1350 1400 1450

Supply Voltage [V]

HV Noise:0.5th error Noise:1.5th error
1180 0.13% 0.06% 0.02% 0.02%
1200 0.12% 0.03% 0.01% 0.01%
1220 0.09% 0.03% 0.00% 0.00%
1240 0.12% 0.02% 0.01% 0.01%
1260 0.09% 0.01% 0.01% 0.01%
1280 0.09% 0.04% 0.02% 0.03%
1300 0.07% 0.02% 0.01% 0.01%
1320 0.10% 0.02% 0.01% 0.02%
1340 0.13% 0.05% 0.03% 0.02%
1360 0.13% 0.01% 0.02% 0.01%
1380 0.15% 0.06% 0.04% 0.03%
1400 0.20% 0.02% 0.03% 0.02%

TkHz/SIVADT 0TIV AAV TV RIS

T/A XL —h&5Ef
« EN 0 E E 1250V,threshold 0.5
Noise Rate 0.5% 5k % % &5 3

Rate = Ratio —~ ADC Gate[ns]
~0.15/ 100 ns =15 kHz

p.e. lcBEWNWT

18-AUG-1411:35

o S mf@mﬁ"ﬁﬁﬁ?“j“““cﬁ\-mmm

1.00001kH:




T.T.S.(Transit time Spread)
= 1T B A 0

H11934 -200 D0296 Single Photon Bf&l 7 R AE

i =
iy
>~I|

FRINEE:1200V

10 - . : | Entries 10000
E‘ E Maan x 0. + 003102
g 8:_ ..... B ...... LED ...... O ............... e ...... * Eé ....................... .............................. foany 04315 & 0.07418
'*g_ 5__ ..... D ....... LED ...... O ................. pe ...... * Eé ....................... ............................ AMS x 0.1727
g F o LED:4.0 p e. $Eé| | sy
4:_ ........................ .......................................................................................... .............................. e .
7 R FO A S A L SO RS SO S
C ] uu
— T oo
O B B oo oool oo . .
= e R : T H:;%:?ﬁgémm" b
) OO T SO B.A_ 80 .Eoo; lmo B O - RO

........................ B P 43 AR

- 1 D 1 1 1 1
photoelectrons [p.e.]

ADC pedestaliC&F2TDCIE 75 — A —
/\\—7|:|—L/’CL\%)0

Single photon BFfEl 5 fi#gE: 479.2 ps .
4 p.e. LLE: \ 303.9 ps
— AHOTT7—FIC—




New

F&H

PMT: H11934 -200 Calibration

e HV-Gainfli#£. Noise Ratio. B fREE A SL{H

e EIANEE1200 - 1340V TClENoise RatiolE 0.1% K&
(Noise Rate 15 kHzIZ#BY)

« TDRFDIBEEHR:~2.5-3.5x107

e HV-GainBi#fR A ERRE : 10% K5

« BRI FEBETTSIEAYOT T —4IZ—E:304 ps, Single
photon countinglc&1F75TTSIX479 ps
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GSO: CEO.4
Polished 3 faces
size: 48.0x24.0 x 2.6 mm?3

PMT:H11934-200
@1200V: gain 2.1TE+07

Gamma-ray Source
137Cs (662 keV)



GSOY Y FL—F WAV IRILF—2MmEIE

*2000H

1800
1600
1400
1200
1000
800
600
400

200

energy Distribution of gamma-ray with

PR

exp(-x)
Gaussian
Be Kafg --- 1 M4EXIR
| 35keV
Gaussian
OV NUEREL

AT N -Tyd:
. 396keV
.-HM

Gaussian
KEE—Y
662keV

13?CS
Entries 100000
Mean 325.6 £ 0.8837
RMS 279.3
Integral 9.99e+04
¥2 [ ndf 6.165/7
Constant 979.9 + 14.0
Mean 29.94 + 0.91
Sigma 21.05+1.56

4 function Fitting
x ?/ndf=1.15e+03/B94

0

200 400 600

800

1400
energy [keV]

1000 1200



GSOY Y FL—F WAV IRILF—2MmEIE

Rt
GSOY VT 2
energy Distribution of gamma-ray with _'*'Cs
= Entries 100000
*%zm:—ex » Mean 307.1 + 0.8064
2000 P RMS 254.6
ra00h Integral 9.968e+04
1 %2 / ndf 68.32 /7
1600 H— Caes Constant 1039 +20.7
H aussian Mean 22.67 +2.88
1400~ Be Kaff - 4 MEXIR i
ool 35keV Sigma 274 +3.3
AL Gaussian
200 jyjol\y%&ﬁ.;
6004 ??9/6?\\//1// Gaussian
v © W — 4 function Fitting
400 662keV x ?/ndf=1.68e+08/394
2000 00000 g, i
r:,...|...|...|..%Tml‘%'.‘“'*1.“«-;“.,.1...,lL|...|.
0 200 400 600 800 1000 1200 1400

energy [keV]



GSOYUVFL -5V EHYIIBIRILF—SFEE
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FEIR%E L WLSF+MPPCE: H BLACD 14 8E T I E

Ty N7y
|
Trigger scintillation N)HF—IL{KAE: (5x5) x 30 cm?
oMT | counter - 52/(47*152) = 8.84 x 10
|‘ PMT MPPC x10
J HV 65.44+0.01V
//\ PMT x4
I\ HV 1200+1 V
Aerogel x1: n=1.045, TL = 38.0 mm
WLS fiber: Y-11>—h~ 1B
»
4 A\l WLS fiber
ShieIFing Block
PMT |

‘J PMT




FHIR%Z B W /WLSF+MPPCEt H BLAC D M RE FTMR 7E
FEH

« FTEIFHR
2014.8/21 €y N7y
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e« EFNR—T 3V
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HARIWLSFICEDFL a7 VT E R



FKBDRTa1—Ib
2014.08/25 - 29

8/26 - TEARFZARFRASSIRAE
8/27 --- NIRS PET=RER=E RF with FiHTA

eSS
F R AL CWLSF+MPPCET H BUAC D 14 BERTAM A E \ o
IT7ATILHY L DOFEREFEH T E36 AC2HFEELTTREKV IL—FICTLEY
EFHR.8/28(K)ICAICEDE 5. MEFRTHRLTELVLHIEL

E/{EY:
FLa4434F - Y-11 #E1881=28. 32port. 32*16*2=1024 &Y H L
F—48—NMb
MPPC100{@ AT — 32CH&H A& H Lo iR 84



Backup



HV-Gain

MPPC HV-Gain

R

Backup

#2&Noise Ratiod!) 2

Gain(x107)
HV(V) No.104 No.105 No.106 No.107 No.108 No.109 No.110 No.111 No.112 No.103
65.09 2.23%0.02 1.77+0.04 1.85+0.04 2.15%£0.04 1.79£0.01 2.06£0.07 2.04£0.10 2.04£0.02 1.91+0.04 2.17%0.01
65.20 2.85%0.03 2.53%0.01 2.57%0.04 2.79%+0.03 2.40=%0.01 2.70%+0.03 2.71£0.05 2.75%0.12 2.68£0.07 2.88x£0.08
65.32 3.51%0.01 3.18+0.05 3.22%0.03 3.35%0.05 3.05%0.01 3.29%+0.02 3.32%+0.04 3.41%+0.15 3.27£0.02 3.48%+0.02
65.44 4.15+0.17 3.83%£0.13 3.85%0.01 3.94%+0.03 3.69£0.04 3.94%0.03 3.96%0.03 3.94%0.15 3.92+0.05 4.19£0.17
65.56 4.60%0.09 4.33%+0.08 4.45%0.12 4.56+0.02 4.28+0.07 451%£0.13 4.53%£0.05 4.56%+0.03 4.45%0.07 4.77%+0.07
65.68 5.06%+0.11 5.06+0.18 5.02+0.08 5.14%0.08 4.99+0.08 5.12+0.04 5.13%£0.04 5.18%£0.09 5.10%£0.04 5.21%£0.12
65.79 5.77£0.19 5.50%+0.10 5.56£0.07 5.72%£0.15 5.45%0.06 5.76%0.08 5.74%+0.03 5.84+0.37 5.66£0.03 5.85+0.13

Noise Ratio
Noise Rate(%)
No.104 No.105 No.106 No.107 No.108
HV(V) 0.5 p.e. th. 1.5 p.e. th. 0.5 p.e. th. 1.5 p.e. th. 0.5 p.e. th. 1.5 p.e. th. 0.5 p.e. th. 1.5 p.e. th. 0.5 p.e. th. 1.5 p.e. th.
65.09 3.72£0.05 0.60£0.04 4.75+0.18 0.28%+0.06 3.66£0.16 0.30£0.03 3.46+0.06 0.21£0.07 4.49%0.20 0.23+0.03
65.20 3.27%+0.37 0.54%+0.13 3.02%+0.03 0.18%+0.02 3.05+0.19 0.21%£0.03 2.77%0.11 0.22+0.03 2.93%+0.10 0.24%+0.07
65.32 3.72£0.20 0.50£0.04 3.21%£0.15 0.25+0.07 2.93+0.13 0.24£0.05 2.91%0.27 0.25+0.03 291£0.12 0.22%0.02
65.44 4.02+£0.41 0.53%0.05 345%0.12 0.41+0.04 3.24%+0.20 0.29%£0.02 3.45%+0.22 0.38%£0.03 3.20%+0.20 0.23+0.06
65.56 4.39+0.20 0.77%£0.02 4.05+0.33 0.63+0.12 3.86+0.19 0.59%+0.03 3.71+0.08 0.60+0.04 3.67+0.21 0.53+0.10
65.68 5.07%£0.15 0.98+0.11 4.73+0.16 0.89+0.09 3.97+0.25 0.76x0.10 4.25+0.06 0.84%+0.11 4.22+0.24 0.73+0.05
65.79 5.34%£0.04 1.26£0.09 4.88+0.19 1.15£0.15 4.89+0.14 1.06£0.01 4.74%+0.06 1.26£0.04 4.75%0.33 1.01£0.18
No.109 No.110 No.111 No.112 No.103

HV(V) 0.5 p.e. th. 1.5 p.e. th. 0.5 p.e. th. 1.5 p.e. th. 0.5 p.e. th. 1.5 p.e. th. 0.5 p.e. th. 1.5 p.e. th. 0.5 p.e. th. 1.5 p.e. th.
65.09 3.05£043 0.23%£0.07 2.73x0.14 0.25+0.02 4.29+0.40 0.22+£0.04 3.47%+0.20 0.32£0.04 3.77£0.09 0.47%£0.03
65.20 246%0.13 0.20%£0.07 2.61x0.11 0.19%+0.03 2.57%£0.24 0.19%£0.02 2.76x0.20 0.28%+0.01 3.16+0.18 0.42+0.14
65.32 3.01x0.15 0.27%£0.10 3.08%£0.15 0.25+0.06 2.88%£0.29 0.26x0.10 2.98+0.09 0.32+0.03 3.40+0.07 0.43+0.06
65.44 3.23%£0.14 0.40+0.04 3.40%£0.25 0.44£0.05 3.38%£0.17 0.35%0.05 3.49%+0.02 0.38%£0.08 3.64£0.12 0.50%+0.05
65.56 3.95%0.16 0.64£0.08 3.74£0.08 0.53£0.06 3.85£0.15 0.65£0.09 3.88%£0.17 0.62%0.11 4.05+0.20 0.63+0.09
65.68 4.14£0.11 0.83%+0.09 4.00+0.19 0.84%+0.10 4.21+0.16 0.85+0.03 4.36+0.17 0.72+0.18 4.54+0.29 0.80%+0.13
65.79 4.77%£0.32 1.10£0.09 4.25+0.26 0.99£0.15 4.80%£0.43 1.14%=0.06 4.88%£0.18 1.06x0.07 4.65+0.30 1.04£0.12




GSO Scintillator
@Hitachi Chemical Co. Ltd.

BACKUP

GSOYVFL—%

L
GSO: Ce-doped Gd_SiO,
%L‘fﬁﬁ%ﬁ% &
EBE
TOF-PETICIG A

Crystal Scintillators GSO BGO LSO YSO YAP CWO Nal(Tl)
Density (g/cm3) 6.71 713 7.4 445 5.55 7.9 3.67
Radiation length (cm) 1.38 1.11 1.14 2.75 2.67 1.06 2.6
Decay constant (ns) 30-60 300 40 280 28 5000 230
Light yield (relative) 20 7-12 40-75 30-45 40 30-40 100
Peak emission Aem (nm) 430 480 420 347 347 480 415
Index of refraction (at) 1.85 2.15 1.82 1.94 1.94 2.25 1.85
Radiation hardness (gray) 106 102-3 105 104 104 103 10

Hygroscopicity no no no no no no Strong
Melting point ("C) 1950 1050 2050 1980 1850 1300 651




