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Setup
ELPH: Ryt KEFEEFHIBEMEEF—
et Beam line @ GeV Gamma room
@ Aerogel 0 @ Aerogel .
(n=1.15) . (n=1.15) .
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n ]
e’ : e’ :
e | —
[ | [ |
[ | [ |
n ]
: ]
< .‘ ‘. : :.
10 mm 10 mm
12 mm | 100 mm |

MPPC: S12572-100P, 3 mm, 16 ch

EASIROC module ‘- readout MPPCs 12
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Aerogel
Index: 1.146

trans. length: 23.3 mm

MPPC: S12572-100P Sy g "

eff. area: 3 mm placed a black sheet
Outside area: 14 mm X-scanning
i . -30 <x<30 mm @6 mm

Scanning acceptance 0.25
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Distribution mean p.e. of MPPCs

mean num. of detection photon @12 mm mean num. of detection photon @100 mm
= 1 =
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) . 3 -30 -20 -10 0 10 20 3
ing position X [mm] scaning position X [mm]

hh
S Entries 10000
: i..| Mean 2.018
.| RMS 3174

These distribution of Cherenkov are
clearly.

In main Cherenkov region channels, total
num. of p.e. is 23 and 6, respectively.
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176 MPPCs PID estimation
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Inefficiency of threshold number of detected MPPCs
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% R e e e s N, =15
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| N, = 5.5
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number of detzctad MFPCs

Minimum Mis-Id is 0.09
— PID: 91% @ N, =2.5, N

MPPC
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176 MPPCs PID estimation

Inefficiency of threshold number of detected MPPCs
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. Aluminum container S 2000 |
Finemesh PMT (0.2mm thick) > 1 a) n=1.010
) E 1500 If; 3" FM-PMT x 2
; / Aerogel S E 47 3.5GeV/c p B = 1.5 Tesla (¥ = 35°)
| e F Goretex b | Mﬁ,k_m Z/ 3.5GeV/c "
" = / 500 r'“jw
A B Y-
i i Finemesh PMT gl;' TENPR: LRI I | S L
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¥ & 25 I
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20 ® Inefficiency for 3.5GeV /c =

O Efficiency for 3.5GeV/c p //

o \

50 100 150 200 250 300 350 40
Threshold ch

Belle ACDTH# 1. T. lijima et al. /Nuclear Instruments
and Methods in Physics Research A 453 (2000) 321}325

T. ljima et al., Nucl. Instr. and Meth. in Phys. Res. A 379
(1996) 457 - 459.
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MPPC HAMAMATSU K.K.
NewS1 3360 Series
- Lower Cross Talk
- Lower After Pulse
- Lower Dark Current

KEK & Tohoku Unv.
NewEF ASIROC module
- Max 64 ch ADC+HV
- Cost: 300 - 500 kYen
- Ethernet Operation

23
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MPPC HAMAMATSU K.K.
NewS13360 Series

Lower Cross Talk

b P TET EEHIAOMPPCTIE. ZRA R —2@IREZ M2 e == -
S OFNE R L 453 E R LE LA |- ‘ — 1
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Lower After Pulse
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MPPC HAMAMATSU K.K.
NewS13360 Series

Contribution at Over Voltage
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MPPC HAMAMATSU K.K.

NewS13360 Series

S12572 S13360

-100P -3050PE -6050PE
Effective photosensitive area 3 X 3 mm? 3 X3 mm? 6 X 6 mm?
Pixel pitch 100 wm 50 um 50 um
Number of pixels 900 3600 14400
Number of channels 1 ch
Package Surface mount type
Cooling Non-cooled
Spectral response range 320 to 900 nm
Peak sensitivity wavelength (typ.) 450 nm
Dark count (typ.) 0.5 th 1000 kcps 500 kcps 2000 kcps

(Max.) 2000 kcps 1500 kcps 6000 kcps

Terminal capacitance (typ.) 320 pF 320 pF 1280 pF
Gain (typ.) 2.8 X 10¢ 1.7X10¢
Recommended operating voltage (typ.) VBR +1.4 VBR + 3V

price

2 kYen/{& (1001@&)

7 kYen/{& (1001& &.41)
6 kYen/{& (1001& &4I)

11 kYen/ & (50{E & {i1)
10 kYen/{& (100f&&1i5)

HAMAMATSU Catalog data
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KEK & Tohoku Unv.
NewEASIROC module

EASIROC analog output Och, Func.Gene.: 100 mV (5,10,5) ns

= ¢ nadl ZABo+0& 70T

oltage [my]

=] 7283 & Z063
pe 583 £ 1.13
= 24.06 = 0.0B223
[ 4154 =

e : Fitting Functién
B2 % pOexp(-((x-p2)/p1)*2/2)+p3

time [na)

Fig. Analog output signal

- EASIROC 2 chip
- Maximum 64ch ADC
HV supply

Func. iene: 80 mV (5,10,5] n

- Trigger Logic
- PreAmp gain
- Slow Shaper time coefficient
- Lower Cost: 300 — 400 kYen

Input signal made from
Function Generator

27
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MPPC Calibration using EASIROC module

PPTTR AN TSN B, L

T 0 W AR it
THE S ESER=T TR i

Trigger mode on

LED(470 nm
| Func. Gene. '—LLED I ( ) LED(470nm) 1KHz
Sync MPPC 3 x3 mm?
I Y%=:5-10 p.e. @PMT
: . MPPC: O - 9ch
I TTL-NIM I MPPC1 I PC I IOSC'”OSCOPE ©65.740.1V
1 i F W Sign  ETHERNET A
Gate. Delay
| e, EASIROC
module
| 4r"_||sec TRG} HG1 BHS;CHSecf
- 4["‘! e e
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MPPC Calibration using EASIROC module

LrD¥EE 1.88 peHY h301 HV-Gain courve: MPPC serial No.849
MPPCEHIINE E65.32V h301 : : : 22 i 0028076
# _ 3 po 9.889e+06 * 1.404e406
- Entries 10000 S N SN SN SO S = LT 83126408 2 9.2080+07
I~ Gain ] 1 Mean 823.4 : : :
p.E.
250 — AMS 27.22
u +2 / nal 20.63 /12 S SO SIS USSR SN S S Sots oy RN
B 2 p.c.
& J Constant 1738 + B.2 t !
200— Op.c. Mean 788.7 + 0.1 EooL oL
- = | Sigma  3.496 £ 0.107 Elttlngg fu nction: p*X + pT
150 I 3 p.e. : : ! :

100 : LE
50 ~B— R FRICEBHE~ L e
L[DHE 372 CRE # £ 2 =
C At Bevent — fisH R E<RMNBE
0— | (VI ST S TR (S R S R |ML‘:LU_11‘IF'LmLu'1n a4 =
750 800 850 900 850 1000 =

w1
H gy ]

ADC Channel

0
(n =0) K=

Q =C(Vg — VBr),

jvphoto X Q = Z Qi

(Mp+1 — My, )CrppcCapc
e F,

V) =

M, - E—InDE{E
C,poe ** MPPCOZE E[pF]
C,oc - ADCOZEH#{FE[mV/ADC]
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Caluclation number of Cherenkov photons
@ B =1, thickness=1cm, 400-600 nm

n angle[deg.] num.ph.
1.01 8.1 7.5
1.02 11.4 14.8
1.03 13.9 21.9 | " dX
1.04 16.0 28.8 N ~ 2ral (1 — — ﬁ) —
1.05 17.8 355 n*ge f ] A
1.06 19.4 42.0
1.07 20.9 48.3
1.08 22.2 54.5
1.09 23.5 60.5
1.10 24.6 66.3
111 25.7 72.0
1.12 26.8 77.5
1.13 27.8 82.8
1.14 28.7 88.1
1.15 29.6 93.2
1.16 30.5 98.1
1.17 31.3 102.9
1.18 32.1 107.7
1.19 32.8 112.2

1.20 33.6 116.7
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Caluclation number of Cherenkov photons in a case of = (1.5 GeV/c)
@ £=0.996, thickness=1cm, 400-600 nm

n angle [deg.] num.ph
1.01 6.1 4.3
1.02 10.1 11.7
1.03 12.8 18.8 | " A3
1.04 15.1 25.8 N ~ 2ral (1 — — ﬁ) -—
1.05 17.0 32,5 ntge f ] As
1.06 18.7 39.1
1.07 20.2 455
1.08 21.6 51.7
1.09 22.9 57.7
1.10 24.1 63.6
1.11 25.2 69.3
1.12 26.3 74.8
1.13 27.3 80.2
1.14 28.3 85.5
1.15 29.2 90.7
1.16 30.0 95.7
1.17 309 100.5
1.18 31.7 105.3
1.19 325 109.9
1.20 33.2 114.4
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PID of threshold type Cherenkov Counter

S j ! . T
’I[: i ' ' ' - glectron
L i | | | MLGn
. . . — pion
alle.. : % | i ; kaon
I " , i i proton

momentum threshold for Cherenkov radiation [GeV/ic]
et

A A
—_ Pl S

Ll 1 i | - - i - | - a 1 L |
5 1.06 1.07 1.08 1.09 1.1
refractive ndex ol radiator
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Cherenkov info.

BITRNDIEE ICTH BRI FINEE
B=v/c>c/nCEE.FL a7
WEtT 3, FLya781%

cosfc=1/nB

B EHFEMEETCFL>I78 %A
E L TRIF BB Y B T57E%RICHE L

Do 1
R = §dtan9(7—|—Ltan<p
1
OR = idtan O
fc = cos '1/np
. Nrad .
singp = sin O

Nair -33 -

radiator photo-device
Mo | 7 2R
O o .
6 N,
2 Y
particle
: d L

) TAA—=I T F L AT7DIER



Eradiator

n:

rad

n

air

Backup

photo-device

particle

U A

A

\j

) GAA— V0 F L A7 DER

N=1.15, d=10 mm, L.=12 mm,
L,=100 mm

r.~1 0.58 = 2.74 mm
r2~68.14 + 2.74 mm

s=10 mm
R=s/2 +r

R1~15i3mm
R2~73i3mm

L=100 mm7AEERAF vV EEIMSHAND
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21 MPPCs PID estimation

the PID estimated from 21 MPPCs in the same way as 176 MPPCs
PID analysis.

mean nukp. of detection photon @12 mm

a0
scaning position X [mm]

When the threshold of MPPC has been configured 3 or more, PID
was estimated 90.2% as eff. and 7.2% as mis-id.

36/ 20
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ELPH Beam test

21 MPPCs PID estimation

mean num. of detection photon @12 mm

Analysis Method
(MAssumed 5 lines independence PID detector

@configuring aptitude N, for each channel

scaning position Y [mm]

®@configuring aptitude N in each line

MPPC

@estimation whole PID decided combination
HIT event in 5 lines

37/ 20
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ELPH Beam test

21 MPPCs PID estimation

Efficiency of MPPC No. 1

g 5 : (DAssumed b lines independence PID detector
SN R — ....Qconfiguring aptitude N__for.each channel

: é : : é é No Nth eff Mis-id
0.9 0.34 0.12
1.0 0.48 0.12
1.0 0.33 0.09
1.0 0.28 0.11
0.9 0.47 0.12
2.0 0.19 0.08
0.9 0.44 0.11
1.0 0.29 0.11

Conﬂgu re N 09 | 034 | 013
- 10 09 | 036 | 012

...................... maXImumdlffei’enCe 1 ey 019 0.03

i ; : : : : : : ; 12 1.0 0.32 0.12
D.E VR E TR .................. .. .................. . .................. .................. . ................. .................. 13 _IO 031 010
R B 14 17 0.11 0.04

0.2 & g s T S .................. .................. .................. s RN 15 0.9 0.48 0.13
® T 16 09 046 | 0.14

IR NN BNt --- - - = SO SO S T— T T 17 09 048 | 0.12
S : : ; Sisii: TN : : : 18 1.8 0.11 0.04

o
]

Efficiency
|

~l

ITTTTIITT LI T ITITTIIITITIT]

............................ —CherenkOV+Beam
f f - Beamanly ' f

OB e, .................. ............................... DiﬁerenceOf ...... _Ff ......................... ..................

0.5

oo ~NOTapPhWN =

0.4

Dﬁ_’ 1 2 3 4 5 B 7 8 9 10 20 1.1 0.24 0.10
number of p.e. threshald 21 1.0 0.24 0.09

38/ 20
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ELPH Beam test

21 MPPCs PID estimation

Inefficiency of threshold number of detected MPPCs

- 1

o .

- [

BN NG R N @ 99_n__f_'___s_9_r!n_s__9PF_'W?____N_MER@ _____________ n gach line

5 F " Tine 1 2 3 4 5

] DB AL ............ .. ................. 3c-| OR 5c-| OR 5c-| OR 5C1 OR 3C1 OR

eff 70% 86% 86% 86% 38%

0.7 % - ............... A, Y Mis-id 19% 28% 28% 21% 14%
0.6 RN TR TN ¥ ................ Line

—o— eff.

0.5

|
. 2
— e mis-id 3
- -—m — - eff. - mis-id g

0.4

PRI - RPLISPETY PEPPRTPETPLTPRTRY. "ELITREr o T, . TEIEPREPPRRPEIPRE
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ELPH Beam test

21 MPPCs PID estimation

@estimation whole PID decided combination HIT event in 5 lines

5C50R 5C40R 5C30R 5C20R 5C10R

1 -eff 16.9% 60.0% 90.2% 98.6% 99.9%
Mis- 83.1% 40.0% 9.8% 1.4% 0.1%
Mis-K 0.0% 0.9% 71.2% 28.2% 71.5%

Therefor, when the threshold of MPPC has been configured 3 or more,
whole PID was estimated 90.2% as eff. And 7.2% as mis-id.
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Backup

21 MPPCs PID estimation
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