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- COherent Muon to Electron Transition j me
» Search for pu-e conversion process at J-PARC Hadron Facility -
» Establishing a new COMET beamline and conducting Signal
exploration using pulsed muon beam 0 IR

> Experiment will be conducted in two stages, Phase-l & |l

Phase-l 0(1071°)
Phase-Il 0(10~17)
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Muon Beam Monitor

Detector
C ) Muon Stopping Target
Directly convert to an electron ! ] J
Standard Model+ Neutrino mass — BR~0(107°%) |
Beyond the Standard Model — BR~0(1071) — Phase-l Setup

S1C Muon Beam Monitor

Muon Beam Monitor
Objects: Measure the intensity and stability of the muon beam.

Detector: Made of S|I|c:on carblde (SiC) and jointly developed by KEK and AIST [2].
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SiC detector Overview
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Epitaxial layer
(52 um thick)

¢ > Total thickness: 350 um
Cross-section

strate

monitor board (Silvery chips)

Why use SiC ?

Muon beam monitor will be directly exposed to a high-intensity muon beam.
— Resulting in 1.6 X 1013 nyyey / cm? and 1.2 MGy.

Higher Radiation tolerance is required than standard n-type silicon sensor !

Wide bandgap semiconductors have high radiation tolerance.
— SiC is an optimal choice !

Beam Test at MLF

Goal: Check the performance with a pulsed muon beam

* Pulse height for a single incident muon — Detector response
+ Correlation of the number of incident muons and pulse height — Linearity

> Beam test was performed at MLF D2 line in June 2024.

A

Structure of SiC detector

Typlcal Waveform from Beam Test Setup PMT
. , PMT
S1C Detector (40 MeV/C) » Read out by commercial Ty
_ oreamplifier(1V/ pC, Shield ]
=0 e 27 us time constant).
é i > Read hi : Decayed: | Waveform Digitizer
2001 » Triggered in synchronization
. / e
l with the accelerator’s Muon f/
—400— . - . Reference Target
i |nJect|on tlmlng' 0 Beam (3mm thick Al plate)
—50'3:— Muon Preamplifier
MLF D2 Beamline Beam Monitor | (CAEN A1422)
—BOO
i » Momentum: 20 ~ 100 MeV/c (u*)
fo0gfrmbi bl i bu o Lo eaao - 3 Pylsed muon beam (25 Hz, ~ 20 muons / sensor / bunch)
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Pulse Height Distribution
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« Determining pulse height by fitting.
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» Clearly seen 1 or 2 muons peaks

[1] Wilhelm H. Bertl, et al., Eur. Phys. J. C, Vol. 47, pp. 337-346, 2006.
[2] T. Kishishita et al., IEEE Trans.Nucl.Sc1. 70(2023)6, 1210-1214.
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Number of coincidences

Linearity (40 MeV/c, 1000 V HV)

» Sufficient linearity was confirmed up to
approximately 35 incident muons.

* ASIC will be used for readout electronics of the SiC detector.
* The second prototype had already been developed by KEK.

Specifications

« Consists of 16 channels per chip.

e Each channel consists of trans-impedance amplifier,
CR-RC bandpass filter, and 8bit SAR ADC with 10 MHz

sampling clock.

SiC Detector

Installation Plan
Original: Upstream

REF CLK PLL
cr(|:(|;15 640 MHz
»Serializer
- TIA CR-RC ADC g
CML Driver

- Installing at the transport solenoid exit

Sufficient pulse height

(~57 muons / chip(centre) / bunch)
Small beam size, small detector size

@® High radiation leve
® Hard to access the
® Reduced muon yie

Option: Downstream

- Installing downstream of the primary detector system

Low radiation level

Easy to access the beam monitor system

Does not affect the muon yield

@ Smaller pulse height, worse S/N

ODeam monitor system

d

(~16 muons / chip(centre) / bunch)
@ Larger beam size, larger detector size (twice the size)

»OUT

Original ‘
Plan =

Development of the muon beam monitor
* for COMET experiment using SiC detector

K. Okabe!, Y. Fukao?, Y. Fujita®, E. Hamada?, Y. Igarashi?, T. Kishishita’, K. Kojima*,
R. Kosugi?, S. Mihara?, H. Nishiguchi?, M. Shoji?, Y. Tanaka* and Y. Yamaguchi’

Downstream Option
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University of Tsukuba

Readout board

with SCIBER2 ASIC

Muon beam

Simulation Study of Downstream Installation

Investigation of muon beam profile and expected waveform using Geant4 based

simulation framework for COMET Experiment.

Beam Profile (1 bunch =1.6 X 107 Protons on target)

AII partlcles

— 16 muons will incident on center SiC detector chip
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Expected waveform and beam profile monitor
Sampling waveform at 260 ns

Simulated ASIC waveform
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— Muon contribution dominates
within 200 ~ 300 ns

Summary

A beam test was performed to check the performance of SiC detector, confirming sufficient linearity up
to around 35 incident muons.
 Simulation study of downstream installation option revealed that approximately 16 muons are incident
on center chip, and the output waveform is dominated by muons in the range of 200~300 ns.
« Determining the installation location and producing the monitor board for Phase-l.
Evaluation of the next prototype ASIC will be conducted, followed by the production of the
final version, aiming for the overall system completion.

Monitor Display
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Muon profile
using SiC detector
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SiC Detector
Muon profile
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— By sampling the waveform at this timing,
the muon profile can be roughly reproduced.
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