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Motivation EMEG

E Gamma Collaboration

« Search for lepton-flavor-violating p—ey

decay
— Forbidden in SM
— But enhanced in many BSM

« MEG experiment
— Searching for y—ey down to O(10-13)

— Completed data-taking Aug.2013 Signature
— Analysis for final result ongoing 180°
- Upgrade ™ A+ 52.8MeV
P9 A M,/2
— Push down to O(10-14) \ | (=M/2)
— Approved by PSI, R&D progress Hat rest
— To start DAQ in 2016 5SS B 52.8MeV(=M,/2)

[ Required to suppress accidental BG ]

JPS 2013/Sep/20 Yusuke UCHIYAMA /ICEPP The University of Tokyo



MEGJ?Y 72 L — REMEG

wration
upgrade degign based on

MEG = KT T°°° our long time experience
6- \'
— 7

-higher beam rate
e -larger acceptance
Upgraded
6
7

-better resolutions
MEG
-moderate cost

MEG Upgrade Proposal
(http://arxiv.org/abs/arXiv:1301.7225)

JPS 2013/Sep/20 Yusuke UCHIYAMA /ICEPP The University of Tokyo



http://arxiv.org/abs/arXiv:1301.7225
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EMEG

Mu- E Gamma Collaboration

Previous results

60 L ] 3 SiP} ounted on PCB
e 10862 -33-050C)

s6l %\ ___________________________________ BC422
54

Resolution (psec)
LN
=

1 1 1 1 1 1 1 1 |
1.5 2 2.5
Over voltage / SiPM (V)

O Achieved excellent resolution of 43 ps(c)
at relatively high over-voltage

O Observed deterioration at further over-voltage
€ Increase of dark noise, after pulsing

JPS 2013 /Sep/20 Yusuke UCHIYAMA /ICEPP The University of Tokyo


http://mpc1222.psi.ch/pixTC+Test/121123_230458/002.JPG?lb=pixTC+Test
http://mpc1222.psi.ch/pixTC+Test/121123_230458/002.JPG?lb=pixTC+Test

EMEG

Mu- E Gamma Collaboration

Test setup

- 3 SiPM in series
connection
III\\ e
RC |7 Waveform digitizer
7.4\{\m | - DRS
— | (5 GSPS)
S Thermal chamber ) —
Shaping amplifier
S USB=PC
O Scintillator : BC422, 60x30x5mm? ; i |
O Sensor : 3x3mm?2, 50pum-pixel SiPMs |
O Reference counter : BC422, 5x5x5mm3, 1 MPPC f
for trigger & collimation
O °0Sr B-source (<2.28MeV)
O Amplification & shaping (pole-zero cancellation)
O High speed sampling with waveform digitizer

JPS 2013 /Sep/20 Yusuke UCHIYAMA /ICEPP The University of Tokyo



T.Nagano et.al, IEEE NSS/MIC 2012

Topics today

« Further study to understand the . f et |
timing resolution of plastic : /
scintillation counter from SiPM £ ° J
- g ° 3%
properties 10 1% gonss
0 L 1 S5 #\ ==L SEam *‘ RN
- Detail comparison of different o 85 1 15 2 26 3 36 4
- Overvoltage (V)
ty pe Of S I P M S Fig.10. Afterpulse probability compared with conventional MPPC and new
structure MPPC
— Recently, many mapL_lfactgrers _ HPK has recently developed new
produce blue-sensitive SiPMs with technologies
‘p-on-n’ structure & After pulse suppression
€ Trench for cross-talk suppression
— New MPPCs from Hamamatsu & Metal quench resistor
O New standard MPPC @ High fill factor for small pixel

IEEE NSS/MIC 2012,
VCI 2013 1d:180

f ° ° ° \
Pursue ultimate timing performance

of general scintillation counter
\ J

JPS 2013 /Sep/20 Yusuke UCHIYAMA /ICEPP The University of Tokyo

O New trench MPPC




SINGLE SENSOR
PROPERTIES




Test samples

EMEG

Mu- E Gamma Collaboration

Manufacturer Model number Type
HPK $10362-33-050C Conventional Ceramic package
$10931-050P MPPC (Old) Surface mount
$12572-050C(X) New MPPC
$12572-025C(X) (Standard) 25um pixel
$12652-050C(X) Trench-type
3X3MM50UMLCT-B MPPC Improved fill factor
AdvanSiD NUV type
KETEK PM3350 prototype A Trench type
SensL MicroFB-30050-SMT B-series with fast
MicroFB-30035-SMT output 35um pixel

Common features:
3x3 mm? dimension, p-on-n structure

JPS 2013/Sep/20

Yusuke UCHIYAMA /ICEPP The University of Tokyo



I-V characteristics EMEG

E Gamma Collaboration

10

New MPPC ¥
IS R S A _______________________ 50um

Current (1LA)

Trench MPPC

101

10°

Voltage (V)

B Much wider operational range.

B Breakdown voltages are lower by 5V (standard), 15V (trench)

JPS 2013 /Sep/20 Yusuke UCHIYAMA /ICEPP The University of Tokyo



Mu-E-Gamma Collaboration

Snapshot of waveformEMEG

290 - ne | E LA fFar chanihas
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- / E E i
Ne PPC [ 3 E I -
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f 7)) } ~— ; ;%WWWW e ’WJ S - E
i
=Trench MPPC / 3 B I\ E
E -y ) || | | N R / E “: / =
=(S512652-050C(X E -E =
z( ( ))/ - : s .
= — [ i
E / — E ‘ E
50.35; | [\ —!hllorrl;al N;PPé ! Eo.mE - A = O;mall MIPP‘E | ,E
= ] F —— New MPPC 25 4
. 0.35 l \\ :New MPPC 25um ozf \ _N:w - soiz E
B Confirmed less el \\ ;
02F ] B ]
. g N : 0.08" .
after-pulsing ANRN |- \ :
"'li \\\\ 0.04% \
0.05- \\Q_—‘\\\ ] 0027 &\\k
E 7 ————

0= C P T O T o

0 0.05 0.1 =20 0 20 40
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JPS 2013/Sep/20 Yusuke UCHIYAMA /ICEPP The University of Tokyo



p.e. counting EMEG

Over-voltage ~2.5 V

Over-voltage ~2.0 V
Ope " TETTE wbe
O Dark measurement AT A
C| . 1 I 7 I9—)VULRICK
— Random trigger wp [ +PE ) 0 EENRAT(C
J"[ “'\ l‘ﬁ\ YAA foereh fHA
O Photo-electron manm ko g
counting capability "i"www‘nﬂ , i e
- L a rge . i H IMMIMMH 1 OIdMPPCE
Improvement In -{]_IBIII — - 001 II 002 0.03 -0.01I - ‘0‘ - b.l()ll - I062.‘ - b.03
the separation ' Charge (10%)
w. | New MPPC
/ i
vy g
Fd g
oo VOB
14‘“ HEH |||iii
00l 0 oo ooz 003

Yusuke UCHIYAMA /ICEPP The University of Tokyo
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Dark count ZEMEG

E Gamma Collaboration

E | —&— ol mpeC

3] ¢ | --4-- Old MPPC SMD
E | —— New MPPC (50 jim)
3 i | =={-1-- New MPPC (25 pum)
s | —#— New MPPC (Trench)
= | —k— KETEK Prototype-A
2 | AdvanSiD NUV

~ . | —¢— SensL (50 pm)

M :

-

&=

=)

6 8 10
Over voltage (V)

Kept controlled up to high V., due to the after-pulse suppression

JPS 2013 /Sep/20 Yusuke UCHIYAMA /ICEPP The University of Tokyo



Cross talk EMEG

Mu- E Gamma Collaboration

[

—S— 0ld MPPC H @23°C
--@-- Old MPPC SMD -
—l— New MPPC (50um) [
--f-1-- New MPPC (25um) [
—4— New MPPC (Trench) [
—&— KETEK Prototype-A [

AdvanSiD NUV H
—+— SensL (50pm) |

Cross-talk Probability
=
9

Nl _ 1 Cross-talk
0.2 ...................................... ................................. ................................. — ] Probablllty

# = 2pe
# > 1pe

0 2 4 6 8 10
Over voltage (V)

JPS 2013 /Sep/20 Yusuke UCHIYAMA /ICEPP The University of Tokyo



Cross talk EMEG

Mu- E Gamma Collaboration

Standard NEW MPPC O Cross talk increases at high bias

— Very IoncI; tail in charge distribution
| — Cross-talk process runaway

10°

F- i — Big impact on energy
measurement (excess noise factor)
— Impact on time measurement?

10°

10 arXiv:1109.2014
Crosstalk Single primary event N=1 Poisson number of primaries <N>=y
Models e.g. SSPM Dark Spectrum e.g. SSPM Photon Spectrum
1 Geometric Non-random (Dark) event Random primary (Photo) events
! Chain
0 0.1 0.2 0.3 Crosstalk Primary
- - Process 8 i 2 % 8- ;
g 1 CT e &
i | F { m : { © E
- 'E O NoCT 'E 5 —
N _ = z :
= : Branching Non-random (Dark) event Random primary (Photo) events =
— 1pe : Poisson .
T — Crosstalk _ /—/% .
T A —— V Qver... 4'0V ................................................ Process g H ... i
=2pe N LR AN E
E E O ...0 £ |0 5 X o E
[P o L@ e E o O 2 6 &6 0 E
— Saturation T
“} é— ................................................................................................................... .......................................................... of electronlcs:
= : 100pe ~ =
1 = irin =
H= | | —
0 0.5 1 1.5

Charge (10%)
JPS 2013 /Sep/20 Yusuke UCHIYAMA /ICEPP The University of Tokyo




PDE with UV-LED EMEG

(Photo Detectlon EfflClency) E Gamma Collaboration

w 1.4
> O Measure relative
212 PDE using UV-LED
= (~ scinti. Light)
K 1
O Calculate PDE from
0.8 O p.e. probability
Fig. 11 Sperdrom
0.6 : . IF=20rA |
B —&— 01d MPPC > g | Ta=25C|
- --@-- 0ld MPPC SMD R I
0.4 —B— New MPPC (30um) 3 00N
B ; | --[3-- New MPPC (251m) g g O
B 5 .| —#— New MPPC (Trench) E
02— .| —de— KETEK Prototype-A e
— i Advan5siD NUV =
B LED (~390nm) - | —+— SensL (50um) % 2
0_ | | | ---@--- SensL (35um) \
0 4 6 8 10 %0 30 40 10
Over voltage (V) ) ”“‘f“‘é?j%”'““v’““”“’
v' Extended PDE at higher V., for new MPPCs /\
v' Recovered fill factor for smaller pixel (25um) | scintilator
v' Trench-type MPPC also shows good PDE due spectrum
to relatively high fill factor (55%, ~10% lower ENEEERN

s 2013 M35, Standard type) .

Yusuke UCHIYAMA /ICEPP The University of Tokyo Waveength



PDE Wlth UV- LED EMEG

E Gamma Collaboration

g 1.4l | | [~ o mrPc
A T B Y — . re syD _
A New50um 25um -m-r~emeeceum | O Measure relative
Z e RemMrve rem PDE using UV-LED
5 =amet | (v scinti. Light)
(=4 —#— SensL (50 pm)
O Send R ) O Calculate PDE from
O p.e. probability
;: 1.2 —
4
508 |
é 0.6
Z
Eo04 —
6 8 1 = (.E-Ell:} 350 400 450
Over voltage (V) Wavelenath ;
v' Extended PDE at higher V., for new MPPCs /\
v" Recovered fill factor for smaller pixel (25um) | scintillator
v' Trench-type MPPC also shows lower PDE for spectrum
short wavelength (?) EIEEERN

340 360 380 400 420 440 460

JPS 2013/Sep/20 Yusuke UCHIYAMA /ICEPP The University of Tokyo Wang,




PDE with UV-LED EMEG

Mu-E-Gamma Collaboration

o 1.4 [ — ] e B A E s e
2 1 8 14 | : | g UAMPPC SMD
(= L h . A, —l— New MPPC (500 um)
-5 1.2 OO UURORORORS - SNVUORORRORRRT.  SousUOOROY. - ..+ . . SO 8 O, wl £ 0 NP 6 FOSORROROo | Y --F- New MPPC (25 um)
.2 - - .2 1 2 —— New MPPC (Trench)
= B 7 = r —i— KETEK Prototype-A
= e it ¢ e R s e Lo hm L — ] ) AdvanSID NUV
m L _ m 1 ¢ = LenusL (D0 um)
L o _ -~ ¢s-- SensL (35 ytm)
I ¥4 " I e I | 5
08 . A 1 08
0.6 — AdvanSID ...... KET ............................. _]
B P [—e— ol M[E'PC 0.6
- . | --4-- Old MPPC SMD
0.4+ i| —l— New MPPC (50um) 0.4
- i | --[}-- New MPPC (25um) . : : :
B .| —#— New MPPC (Trench) = .
— ; —i— KETEK Prototype-A — -
0.2 B : pui— NUV&'P 0.2 __LED 3 e 5 . e —
- SensL (S0ym) - ( ~NJ 6 n m ) ]
0 - -. -+ SensL {35}1“’.) B | | | I | | | | | | | | | | | B
0 2 4 6 8 10 % 2 4 6 8 10
Over voltage (V) Over voltage (V)

*Relative scales for the two plots are not same

HPK MPPCs show higher PDE for near-UuVv
v' Extended PDE at higher V,,,, for new MPPCs
v" Recovered fill factor for smaller pixel (25um)

v' Trench-type MPPC also shows good PDE due to relatively high fill
factor (55%, ~10% lower than standard type).
But PDE is suppressed at shorter wave length (?)

JPS 2013 /Sep/20 Yusuke UCHIYAMA /ICEPP The University of Tokyo



SCINTILLATOR SIGNAL
READOUT BY 3 MPPC
SERIES CONNECTION




3 series connection EMEG

Mu-E-Gamma Collaboration

10 ﬁ
i £ |

B BICORVEIDDESY—E1IF T ORI
THHET

— EB(CAmEAL. RECEDIEMN TR
BEZEHITD.

O HBESERCELOEH—(CHHhIEEHHE =
BTN

I

Current [pA]

— Over-voltageN'B &I (CKIEKRZES D 10" =
O EHERTH /(S > 2 s
S —TINER L ‘ﬁe? __________

— BA R (~40%) L

195 200 205 210
Voltage [V]
;‘ : T T T I T T T | T T T | T T ] . . . .
: - : 5 : - 3

E 0'14_ ............................................. ---- Single SiPM (new MPPC 50 um) 10 i X o

Co iy UIINAr=\/o0iraca

........... IR vl VUTLCUI Y~

I ~3.8 V /MPPC
R
107 ey
_::::::::::::::::::::::::::::}::: :::::::'m,:::. R
__________ 5

dx10”

-1‘5.01I - I0I - I0.01I o I0.02I - b.03

[sec]

JPS 2013/Sep/20 Yusuke UCHIYAMA /ICEPP The University of Tokyo



Resolution (ps)

80
75
70
65
60
55
50
45
40
35
30

Time resolution

(
: | No wrapping
__J

S o N-ew----(-2-5-|;|-m--) ________________

;-"=

) ]

=

(@) i

=1
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

Over voltage/MPPC (V)

EMEG

E Gamma Collaboration

O Almost same resolution attained at each optimal
bias. (No major improvement)

O Trench-type shows slightly poorer resolution

JPS 2013/Sep/20

Yusuke UCHIYAMA /ICEPP The University of Tokyo



Rise time BEMEG

Rise time (ns)

Over voltage/MPPC (V)

O Observe softening of waveform as
Ve fOr standard new MPPC

O Slower pulse shape for Trench MPPC o2
v This sample is not the final version. P B V=38V 1]
v HPK is trying to improve this B ;x“

JPS 2013 /Sep/20 Yusuke UCHIYAMA /ICEPP The University of Tokyo


http://mpc1222.psi.ch/pixTC+Test/130425_212134/NewMPPCWfComp_bias.gif?lb=pixTC+Test
http://mpc1222.psi.ch/pixTC+Test/130425_212134/NewMPPCWfComp_bias.gif?lb=pixTC+Test

Pulse timing

80—

(ps)

60
40
20

o

-20

tCounter T tref

-40

..... New(25|.|m) __

by higher E-field

Faster Charge Collectlon ............... = RS R S _]

2

O As a consequence of softened pulse shape,

4 1 1 6 1 1 1 8
Over voltage/MPPC (V)
Old

time measurement drifts for applied bias New

O — Larger temperature dependence of

time measurement

JPS 2013/Sep/20

Trench

Yusuke UCHIYAMA /ICEPP The University of Tokyo

EMEG

E Gamma Collaboration

Pulse time by
Constant-Fraction
method

2.5 ps/C
5.5 ps/C

New 25um | 2.8 ps/C

0.1 ps/°C



Temp VS Tlmlng EMEG

E Gamma Collaboration

= 300 = 300
& F -
T L
<2501
: 2007
150f
lﬂ.ﬂf_ ............................................................................................................................................. |
7| ) EE S S Old ...... M PPC ......................... ] O !
S ~ (S10362-33- 059C) 1 : (s12572 050C(X)) :
0_||||i||||i||||i||||i||||i||||_ .U._Illl|llll||||||||"i""_
1 1.5 2 2.5 3 3.5 4 0 1 2 3 4 5
Bias voltage (V) Bias voltage (V)

(Over voltage/MPPC @23°C) (Over voltage/MPPC @23°C)

® )\A 77 A—EDHEDRFREITE ... DIREKIFIE
¢ S/\APRATTOREDKRY I MGERZDIRED)ICEKD
HBETEHREEFIEDKRESEOTUETOE, (5EDE

{b—c~30 S 5%@2{*15@%%(—&%@&@) . .
Ps) ~30®30//12=31.2ps [l
ISR D5 REE(RICEEME) NIV TIERO

JPS 2013/Sep/20 Yusuke UCHIYAMA /ICEPP The University of Tokyo



AdvanSiD EMEG

E Gamma Collaboration

80—
750

t i (PS)

65

Resolution (ps)

) BT T E— ..................................... .............................. E . wl ZOOC _____________________________________ e -

tcnumcr

20 Qe R SR

60 Sta ble' :
55 ...................................................................... .
50 = 2 gy WS . e
45F g

=40 TS SRt _
40 -

t
tn

(o] —H-l-l-l-l-l-l-l-|-l TT l| R e R EEE RE R R REEE

f
=

3 | I- | | 4 | | | | | | | | | | | 3 | | I- | | | 5 |
Bias voltage (V)s Bias voltage (V)
(Over voltage/MPPC @23°C) (Over voltage/MPPC @23°C)

Breakdown coefficient

® 10-15 ps poorer resolution AdvanSiD: 24 mV/°°C
® Good stability for wide bias range KETEK: 16 mV/C
v No more care for temperature

MPPC Old: 49 mV/C
MPPC New:59 mV/C

JPS 2013/Sep/20 Yusuke UCHIYAMA /ICEPP The University of Tokyo



EH EMEG

EEEEEEEEEEEEEEEEEEEEEE

® New MPPC
B after pulseDKIgEHIR, ENERBIBMDILK
v JVLABDEZENR L, S5THETAETER,
B Trench-type, X Ccross talkil
B Small pixel THESill factorciZTRIZDPDE

o ISEIAIEDREIRFIE
B New MPPCTCZ1L
B Trench-type TIZKETEK, AdvanSiDREIREZE

® 3 > F L —A N fEEE
W p.e. statisticsh* R=7F> b —> PDER'EE
v IERINETEUVPDEZ B 9 D/EMMPPC T &7 fiERE
B New MPPCTI(IELEDARRE (C AIBIRCE(FX R SR,

JPS 2013/Sep/20 Yusuke UCHIYAMA /ICEPP The University of Tokyo



After pulse, Cross talk PDE Bias, Temp. Time G

Old MPPC A v O A @
iy ©O W O W O
sy . © WO A O
uere o © © O @) O
v W O w0 A
KETEK v @ v @ v

© O AV

Good —
BFR 2 AFEEIB K/ S Standard MPPC (50 or 25 pm pixel)
BEMEREIR S5 Trench MPPC

JPS 2013/Sep/20 Yusuke UCHIYAMA /ICEPP The University of Tokyo



Scintillator EMEG

Mu- E Gamma Collaboration

BC422
Fast scintillators from Saint-Gobain 0¥ ’
properties BC418 BC420 BC422 BC404 80
Light Output [% Anthracene] 67 64 55 68 §'
Rise Time [ns] 0.5 0.5 0.35 0.7 5
-l
Decay Time [ns] 14 15 16 18 2% |
Wavelength [nm] 391 391 370 408 € o | \ |
Attenuation Length [cm] 100 110 8 140 \
A A A
Used in the Used in Present MEG A SN L R e A0S R
beam test this study timing counter Wavelength, nm
(Best )
« Faster scintillator gives higher time

resolution

— P.e. at the earliest part are only effective
— Scintillation with fast response given in
near-UV light

JPS 2013/Sep/20 Yusuke UCHIYAMA /ICEPP The University of Tokyo



1_pe S|gnal EMEG

E Gamma Collaborati

(=]

i . . . .
-100 -50

TrenchB! TKRIBEAZD
JRFE D =&,

JPS 2013/Sep/20

Yusuke UCHIYAMA /ICEPP The University of Tokyo
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Temp VS Resolutlon EMEG

-Samma Collaboration

,;.; 110_ I | | LI B | T T 1 -‘;‘; 110_
& r =k
g 100F g 100
s B
& gof % g0F
70F 70F
60 60F
500 50
0L 407
:I 1 L1 | | I I | | 1 : | 1 1 | 11 | | | | [ : 1 | 1 | | 1 | | | | | | 1 1 | | 1 | | | 1 | | L]
30, 1.5 2 s 3.5 4 3% 1 2 3 4 5
Bias voltage (V) Bias voltage (V)
(Over voltage/MPPC @23°C) (Over voltage/MPPC @23°C)

o )\ 7 A—EDZ A DN REEDREMKFIE
v L7 L2 ABT B (EEZmETOver-voltagez €32 TH D
¢ FIBTIIS/I\A P RENNITDZET. EENE
BEETEEIC/ESNS.

JPS 2013/Sep/20 Yusuke UCHIYAMA /ICEPP The University of Tokyo




Temp vs Resolution EMEG

110_| T T T I T T I T T | T T T T I T T T T

100[ __________________ T 0 Id MPPC _________ _:
905\ 4 0 ______________________________ (—S-1-0-36-2- _33, Q5Qg)

110_ T T T T 1 T T T T | T T T T | T T T T | T T T T

1.["].;_ ......................... 1. ............................. New ..... MPPC ................ _i
90 _250 A (_s.1_.2_5_,7_2___.0_50.(;_(.)(_)_)__

Resolution (ps)
Resolution (ps)

803_ ....... ......................... ........................ ................... _: 80 :_ .............................. ............................. ........................ ]

: | | | |1 1 1 | | I | | 11 1 ] | | I | | |1 1 : : | | 1 | | | 1 1 | l 1 1 | | | | 1 1 | | L]
30 2 2.5 3 35 4 30{] 1 2 3 4 5
Over voltage/MPPC (V) Over voltage (V)

® Over voltage—E CODNfEEEREIRTFIE.
v #i8(IAEY)60mV/°C(55mV/°C) DSREFEEARE L THRIE.

JPS 2013/Sep/20 Yusuke UCHIYAMA /ICEPP The University of Tokyo



E Gamma Collaboration

= 300

= ﬁk??’lﬁ H%Fa'i JE BEMEG

£ g
s -
<E 250f <F2s0f
5 200( £ 200F

150 150

100

w. ___ OldMPPC SG_NeWMPPC _________________________________________ ________________________ _-
Z : (510362 33 OSOC) E E (512572 050C(X))

_|||§|||i|| |||i|||||||||_ _|||||||||||||||||||i||||
01 1.5 2 25 3 3.5 0{} 1 2 3 4

Bias voltage (Over voItagé)‘MPEl@g@ZBPO)VQV) Bias voltage (Over voltage/M e @W@S) (V)

® Over voltage—E COIFREIAERE (& FTE.
v #i8(1AEY)60mV/°C(55mV/°C)DSREFE & ARE L THTE.

100

JPS 2013/Sep/20 Yusuke UCHIYAMA /ICEPP The University of Tokyo



Z‘ S SO Z

= 10 = [~ HAM 15° = 10 e
E Co| o HAM20° o o e E —

= | |—HAM25° | i et @ = T

5 —~ HAM 30° = .

O o

2|l — HAM 35°

______ —— HAM 40°
~|—HAM 45° |-

..............................................................

72

1 74 L
Voltage [V]

10!

EMEG

Mu-E-Gamma Collaboration

New MPPC

(S12572-050C(X))

TR
70
Voltage [V]

° Bﬁ{*%Ewiﬂgmﬁ'I‘i %’ i p(; | 64.29 +0.0624 | / | i
_ 0ld:49 mV/°C 1, flo L eenrehn ]
_ New:59 mV/C il Dz |

o
AdvanSiDtz>tH9—:24 mV/C
KETEKZz>t— : 16 mV/C

(E55%Ep-on-n, blue sensitive type)
JPS 2013 /Sep/20 Yusuke UCHIYAMA /ICEPP The University of Tokyo
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E Gamma Collaboration

(HVmax = 200V)
R1 R4 R1
— 3 — - sompse s s = e S - X1
1.2k 1.2k
! o0 L 5
1(:16F # 1600 100n LEMOR@DRV
i | 200v T 200V | HV=IN
L L L
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Shaplng

Signal from scintillator
( 3 MPPC in series connection)
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E Gamma Collaboration

® For precise time
measurement
— Restore baseline
by pole-zero
cancellation, and
— Extract fast rise-

part
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E Gamma Collaboration
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