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Motivation for WAGASCI detector

T2K experiment: Long-basellne neutrlno oscillation measurement

Ve,V Ve

__// - -

J-PARC ND280 Super-Kamiokande
30 GeV proton CH target H,O target

> utv Forward scattering 41t acceptance
Systematic Error sources Error (v,—V,) Error (v,—v,)

v flux & cross section (constrained by ND280) 2.9% 2.7%

v flux & cross section (not constrained by ND280) 7.5% 5.0%
Super-Kamiokande etc. 3.5% 5.6%

Total 8.8% 8.0%

F—a— b/ RHasWAGASCIDH E’J
H,O/CHITEMRLL Z LW 71 7% > A THEERIE L T2KEER D AR ZE = HIR 2



WAGASCI#E a3 D B Y & fEak

veto

MRD
(Not to scale)

H,0O/CH detector

Water Grid And Scintillator
* H,O/CHUIfTE

\I\

+ H,OE &% 10% D F5E TRl
1R A8 DA
+ FRBYER

« H,OXCHOHY > R+ v FigE
cRFROVTFL—F

* Muon range detector (MRD)
K UFL—F

AL Z 3% DF5E TR



WAGASCI& it éx 1RRYE

1 3RTRRFIRICO VF L —Y%ZHE

e X+ grid+y+grid+ -+ layers
* 41t angular acceptance
. 3mm}§-d)§§b\~‘/‘/7 L —%
H,O (signal):CH (BG) = 79:21
fiEﬁzTﬁ'7 1 /)NEMPPCTEiAHH

> SUVVEHEMRCEWVN/ 1 XL—
K& BN B




Multi-Pixel Photon Counter

AR b Z 0 ADVRFE LB DAPDY 578 5 St FiR i ds
« HAH—FE—FTHE

 Over voltage = (Bias voltage) - (Breakdown voltage)
I L CEREMEEDN L VEEEZ D D

» High gain / High Photon Detection Efficiency (PDE)
- Dark noise Bt/ 1 XIZ& > TRE

- Afterpulse v 7Nz v ) 7HENTHE

» Crosstalk ZXRFEFHRDEVEILTRHEINS




MPPC D RHZE B &

510362 type T2KEER THIH TARIZMERE
Vv Afterpulse& dark noise% &
S12825type (2013E)
Vv Crosstalkz (&R
Pre production type (2014E)
S13081 type (2014%)

7> 78 L T100f5IC1EE
Overvoltage=2.0V
p.e. = photon equivalent
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AIEIEE

Dark noisec L7 ) A—ZHAWLWT
Dark noise rate
Crosstalk rate

LEDYEIREZ FAWL T
Gain
Relative PDE R = 3 R
S10362-11-050C |HE!MPPC* 1x1 mm?2
50x50 ugw2Q EowIY1X g $12825-050C Afterpulsefll®E  1.3x1.3 mm?
f %ﬁr;i%%;% I‘(_:tn%ié%.—?%%éiéﬁ Ut Pre production  Crosstalkil&|&E  1x1 mm?
S10362-13-050C= £ S13081-050CS CrosstalkiipflZE!  1.3x1.3 mm?
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Dark Noise Rate

Self trigger with 0.5 p.e. threshold
Over voltage = (Bias voltage) - (Breakdown voltage)

Dark noise rate (kcps)

900

o
-
o

300

| | | | |
e 805 kcps

S10362-11-050C °©

$12825-050C * |

Crosstalk suppression *®
(Pre production)

170 kcps

2 3 4 5 6
Over voltage (V)

S103628Y ¢ LB L T
« S128258Y (3% 1/8IZ1K
o Crosstalk#Nml &Y (£1/1011ER

> Dark noise rate D RIEERIC & D
=S WEE THE{ErRIEEIC

*1 mm2O = FHEE TR



Crosstalk Rate

1.5 p.e. threshold dark noise

Crosstalk rate =5 p.e. threshold dark noise

0.6 | | S103628Y ¢ LB L T

05 | . 4« S128258YX[E
o 04l - |« CrosstalkinI 2 (£1/101C KR
o $10362-11-050C * e
X s . $12825-050C * | = Crosstalk rated)jtTI]ET\ET\':»EXL_ X D
g - Pre production * AFRHOBEZ T3
S o2k . * $13081-050CS * _| E.[ﬁ'é‘:

01 o . i

O—o—'o—-—-—i—-—-—'-u—l.. cweceg®®®”

0 1 2 3 4 5 6 7
Over voltage (V)



Gain

[(1 p.e. ADC ch)—(pedestal ADC ch)]x(ADC charge per ch)

MPPC Gain =
elementary charge
’ c Gainld AR BEb5730A
KODLWEETEMESIES
L | TE3
g c BWEBEETHEIESLT
2,1 : . SWGainz 1§53
8 e
: §
1 s $10362-11-050C *
. ’ Pre production °
* $13081-050CS *
0 | | | | |
0 1 2 3 4 5 6 7

Over voltage (V)
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Relative PDE

- _ EZMPPCTHRH L 1/t F#K
Relative PDE = 5 103622IMPPC (AV=1.0 V) T/l L 7e 7R
25 . — - [/ Lovervoltage TId LIEWLA
cec EL\%:I:—CEM/E*‘U'é T
2 yort” - BWRHMNRZ 1S
S 15t o .
- $10362-11-050C * |
05 Pre production °
o $13081-050CS °
0

0 1 2 3 4 5 6 7
Over voltage (V)



FTIHMPPCOERELEER

TR F1ES103628TH T B & HERED LK

Noise rate ‘ Crosstalk rate PEEE

(kcps) PDE
S$10362-11-050C 0.734 284 0.0488 1.06
Over voltage=1.1V"* 1 1 1 1
Crosstalk suppression 0.771 17.3 0.00091 0.873
Over voltage=1.1V 1.05 0.061 0.019 0.82
Crosstalk suppression 2.63 53.3 0.00789 1.97
Over voltage=4.0V 3.6 0.19 0.16 1.86

*Overvoltage=1.1 VIET2KTREHONTW S EEEE
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Summary

* T2KEERDRRERZER B D 728
F—a1— b /&R EaWAGASClZ FFEH

s FTEIMPPCIZ R TEEEN @ L

Perspective

» 5 &£ £8000chdMPPCOA=RITE

» WAGASCIHZERIERIC L) % 32ch array MPPCD
[*EREFTT
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Backup



WAter Grid And SClntillator
WAGASCI

Box for Japanese sweets (Wagashi)
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Candidate Site

» The B2 floor of the T2K near detector hall

Y,

S,

Sl \WAGASCI (1.6 deg.)

Neutrino flux [/25MeV/1041POT]

Beam axis (0 deg.)

(wa]

(o)}

I

[

o

Neutrino flux

x101°

E WAGASCI

0 ND280

0 1 2 3

Neutrino energy [GeV]
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Micrographs
of MPPC

50x50 um? pixel

50C

——

Crosstalk su ppréséion
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Typical Charge Distribution

Counts

data/data5009.1xt

h1

2000¢ l pedestal

1500F

1000F

50000
385.3
101.2

areal 2.795e+004 £ 1.708e+002

310.1+£0.0

areal 1.492e+004 £ 1.372e+002

6.551+ 0.067

5001

| LAL_L_A.I

1000

Channel

Using ADC with 0.25 pC/ch

Crosstalk suppression type:
over voltage=3.0V

Fitting with double Gaussian

Evaluate gain and number of
pedestal events
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Systematic Error Estimate

Relative PDE

1.08

1.06

1.04

1.02

0.98

0.96

Systematic error estimate

Trial number

Estimate systematic error from
attaching and detaching MPPC
to measurement device

Measured five times

Deviation of relative PDE is
about 5%

19



Backup
plots

Dark noise rate (I(cps/mmz)

Gain (x10%

900 | T T T T T
Dark noise rate
$10362-11-050C *
600 [~ : $12825-050C * | <
. Pre production * ~
. $13081-050CS * 2
o
300 I” S13081DHRENELR S i
0 AT IL LI RETRRER R
0 1 2 3 4 5 6 7
Over voltage (V)
4 T T T | I
. L]
Gain .
30 . y
- * L
. g
2 | . s 2
. -' * E
L] @
.. o
.
1r . »? 510362-11-050C = 7
N Fd 512825 050C  *
* | | Crasst.lalk supﬁnressiﬂn .
0
) 1 2 3 4 5 6 7

0 ltage [V i
ver voltage (V) (Pre productlon)

0.6

0.5

0.4

0.3

0.2

0.1

2.5

1.5

0.5

' Crosstalk rate

I | | | I I

0.49

$10362-11-050C
. $12825-050C * _|
. Crosstalk suppression *®

NF I (Pre production)

o 0.056

® b v e dJaeosalaasboeosg®®®

1 2 3 4 5 6 7
Over voltage (V)

_ RelativePDE _,+-" "

| I I | I I

. $10362-11-050C *
$12825-050C
Plre prociluctionI ¢

1 2 3 4 5 6 7
Over voltage (V)
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Latching Pulse

HPK specified Vmax
for preproduction type.

Vmax=55.96V

Latching pulse
occurred if MPPC used

with bias voltage over
Vmakx.

It will be improved for
production type.

* Pre production type
 Overvoltage=5.0V

+ S13081-050CS
 Overvoltage=5.0V
* Improved
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Relative PDE Derivation

Suppose Poisson distribution

Probability that N photons are detected:
P(N)=ANe-/N!

A is mean value of detected photon.

P(0) = # of pedestal events / # of total entries
A =-ln P(0)

22



MPPC Specification by HPK

Measured MPPCs

Type EE] Operation |Gain |Darknoise |Breakdown |V max
number number | voltage (V) | (x10%) |rate (kcps) voltage

S10362-11- 2660 71.12 0.750 For monitor
050C

S10362-11- 2664 71.16 0.748 409 69.9 *

050C

S12825- 627 66.77 1.24 111 64.3*

050C

Crosstalk 105 54.96 1.50 55.1 51.96 55.96

suppression

* Measured value
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Higher Over Voltage

Counts

data/data4011.ixt

300

200/~

100P*MMH?
0 | | |

hi

Entries

Mean
RMS
x? / ndf

area0
meanQ
sigma0
areat
gain
sigmat

50000

439

218

3248 /174
8588 + 93.7
295.7+ 041
12+£0.0
4254 + 75.4
141.1+ 0.4
12+0.0

| P N S R
200 400 600

800

1000
Channel

« 512825 type
with over voltage =4.4V

 Charge distribution has a tail

with lower channel
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Setup for measuring PDE

Prepare two MPPCs; . LED light source
one for measuring and one for monitor OptoSupply OSB5SA5111A-1V
Take a ratio of these PDE and reduce LED AD =465-475 nm

light yield deviation Attach a piece of white paper on LED
to diffuse light

25



Setup using self trigger

note

MPPC

-

Amplifier —

Discriminator

'

Oscilloscope

Scaler
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Setup using LED

note Clock

l 1 kHz

Discriminator —| Gate generator

l 1.0V 10 ns
1 1

I_ED E 110 ns

MPPC — Amplifier —= ADC

x100

Aluminum box



