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« KOTO experiment

K, - n°vv (BR = 3x10711)

KOTO detector

Csl calorimeter
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Csl crystals are placed in vacuum
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* Background

Halo neutrons make 2y-like events



e Both-end readout of the Csl calorimeter

The depth of the shower made by neutrons
and photons are different

PMT
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e Both-end readout of the Csl calorimeter

The depth of the shower made by neutrons
and photons are different
!
Calculate the position of the interaction by
measuring the timing difference

MPPC

Csl

photon

neutron



* Purpose

- Develop the circuit for the MPPC-side of the
both-end readout

PMT

Low-power amplifier required

* [o develop

- Connection between MPPCs < Today's main topic

- Amplifier circuit



. Whole schematlc of the install
5cm

N 4096 MPPCs in total

| Amplifier boards
around Csl crystals

HPK

# of Csl Calorimeters: S13360-6050CS

2240(Small) + 476(Large)

Sensor size .

i i 6 mMm x 6 mm

4 MPPCs

256 ch

+HV : 4 MPPCs . Readout
-(Sum Amp.) I
' 4 MPPCs |*

Small # of readout channels
1 4MPPCs | 4096 MPPCs — 256 readout channel




e Connection methods for MPPCs

Stacked Csl crystals

Series connection
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e Connection methods for MPPCs
MPPC No.1 MPPC No.2 MPPC No.3 MPPC No.4

Vi V Vo2 V3 Va
ZVi = Vall

Radiation damage on
MPPC No.2

V I

2 Vi =Va
Vi' 2z V; ”



e Connection methods for MPPCs

—> Parallel connection
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e Readout circult

+HV
14 MPPCs
-4 MPPCs OUT-
+ 4 MPPCs | RJ45
e e bm o | ouTs
__Abgor1  °%°

Power consumption : 55 mW /ch
— 14 W In total (256 ch)
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Wavetorms (all MPPCs are viewing photons from LED)

Voltage [V] :
£ a2 Red: Hybrid
AN Green: Parallel
0.25— 1) .
Y Black: Series
0.15—
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0_1_—
8‘11 - l0I2l = l0:3l = !041 = l0I51 = l0?6l = l[2'.7'l = l0.8l = l0.9l = 11 = 11 1

Time [us]

Time constant: Series ~ Hybrid < Parallel
Pulse height: Series ~ Hybrid > Parallel
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 Cosmic ray test at J-PARC

- Compare the timing resolution between parallel
and hybrid connection

Setup

o] 2 B3] 4] [s] [

Plastic scintillators COsmic ray
T R R RN B

Csl |
5cmx5cmx50cm

PMT

Plastic scintillators
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 Cosmic ray test at J-PARC
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* Cosmic ray test at J-PARC Trigger position

— _ 1| [2] [3 2 6] 6]«
Tlmlng reSOIUtIOn Plastic scintillators Cosmic ray
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\ 5cmx5cm x50 cm
<1.7 ns required

Plastic scintillators

Timing resolution [ns]
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1.5

<Timing resolution >
, Parallel : (1.65 £ 0.03) ns
MPPC side PMT side Hybrid : (1.45 = 0.03) ns
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e Summary

* Evaluating the performance of two connection
methods for 4-MPPCs

 Developed the amplitier board to readout signals
from MPPCs

 Timing resolution of the readout system satisfies
the requirement

 Prospects

* Understand and solve the problems found during
the beamtest
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Backup



« KOTO Experiment

Hadron Beam Facility

Nuclear
Transmutation

(Phase 2)

Neutrino to
Kamiokande *

Ve
- S

! 3 GeV Rapid Cycle —
-~ 50 GeV Main Ring
irse | Synch. (25 Hz, 1MW) (0.75 MW)

(330m)

J-PARC = Japan Proton Accelerator Research Complex

Hadron
— Beam

30 GeV Facility

H-lopl — > o —> MR
- 400 MeV 3 GeV
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