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Memories in SNU

» [ have visited SNU twice in 2010 & 2011,
» when I was a student in Kyoto University,
» for workshops on J-PARC Hadron experiments,
p organized by
Prof. Kiyoshi Tanida & Prof. HyoungChan Bhang.
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Memories in SNU

» [ have visited SNU twice in 2010 & 2011,
» when I was a student in Kyoto University,
» for workshops on J-PARC Hadron experiments,
p organized by
Prof. Kiyoshi Tanida & Prof. HyoungChan Bhang.

» ... by chance,

» Prof. Yoshi Kuno (former spokesperson of COMET)
was there...

p after several years, I joined COMET.
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® A new physics search using a muon rare process
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Muon-to-electron conversion

® A new physics search using a muon rare process
® . N— e-N : neutrinoless conversion in a muonic atom (N=nucleus)
® Forbidden in SM: Lepton Flavor Violation (LFV)
® contribution from neutrino oscillation is still too small — negligible

u e BR < 10-54
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Muon-to-electron conversion

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

® A new physics search using a muon rare process

® . N— e-N : neutrinoless conversion in a muonic atom (N=nucleus)
® Forbidden in SM: Lepton Flavor Violation (LFV)

® contribution from neutrino oscillation is still too small — negligible
® contribution from New Physics may appear !
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Predicted BR ~ 10-16~10-12

Cf.) Current experimental upper limit < 7 x 10-13 (90%CL)

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

M. Moritsu (Kyushu U.) —— 21/02/2025



from European Strategy for Particle Physics Update 2020

— EFT with dimension-6 operators
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Light color: present data
u-e conversion has very high energy reach Dark color: mid-term prospects

among many flavor measurements,
also compared with direct searches.
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To achieve 10-17 sensitivity,

(with 107 sec running time.)

» We need low-energy muons, which stop at

thin target disks.
» Pion Capture solenoid

® Backward generated pion — muon

» Curved Transport solenoid

® Vertical drift - Momentum & charge selection

Pr

Muon source

Powerful muon source is mandatory !!

~1011 muons/sec

Transport solenoid
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Pion Capture Solenoid
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Fate of muonic atom

1s state In a muonic atom
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Fate of muonic atom

1s state In a muonic atom

W = evv

W +(A,Z) 2Vu+(A,Z-1)
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M-e conversion signal
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Fate of muonic atom

M-e conversion signal

» ( p-+N—>i-+N )

single mono-energetic electron
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I skipped other BGs in this talk:
® Beam-related BG
® Cosmic-ray BG, etc.

Required momentum resolution
Ap < 200 keV/c for 105 MeV/c electrons
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COMET Phase I

v Physics measurement

Pion production target

® u-e conversion search, SES: 3 X 10-15
(X100 improve), 150 days running
v< Beam measurement

® to understand beam quality and
background (PID, momentum, timing)

Detector solenoid

////Cylmdr Gal Detector system (CyDet)
/’l

Muon stopping 'ta‘rget?( ‘
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COMET Phase I

v Physics measurement

—Pion production target

® u-e conversion search, SES: 3 X 10-15
(X100 improve), 150 days running
v< Beam measurement

® to understand beam quality and
background (PID, momentum, timing)

Detector solenoid

"
-
PR
-

Cylindrical Drift Chamber
He:iC4H1o (90:10)
All-stereo 20 layers

e
“
*r

.. CTH
Cylindrical Trigger Hodoscopes
Plastic scintillator

64 segments X 2 layers X 2 ends
readout by MPPC
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COMET Phase I

v Physics measurement

—Pion production target

® u-e conversion search, SES: 3 X 10-15

(X100 improve), 150 days running

v< Beam measurement
® to understand beam quality and

Detector solenoid backg ound (PID, momentum, timing)

"
-
PR
-

Cylindrical Drift Chamber
He:iC4H1o (90:10)
All-stereo 20 layers
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Cylindrical Trigger Hodoscopes "

t Plastic scintillator
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etector Solenoid

CDC

Signal e Shielding box

E 5/7.5 m fibre bundles

® connected through optical fibers

; BG particles outside the solenoid
A:_(’ N e readout by MPPC inside a shield box

Ly ® however, neutron radiation is still

E 5> hlgh 1010 nypev/cm2

® — operated with cooling at -40°C
to keep dark current low enough
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Activity in KU @D

-36.6°C (MPPC side)

-34.2°C

-34.3°C

: Downstream

Cooling test

4 We flowed -40°C ethanol and measured
temperature for 6 points.

by T. Mizuno (PD)

-39.5°C (Copper pipe surface)

In the case of

saddle band
to fix the pipe

-34.7°C We could cool the board to
-40.1°C around -34°C.

Contact between copper block and circuit
board should be very tight.
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control

Activity in KU @ by T. Bouillaud (PD)

Objectives of the scintillator QC

Quality control of the 256 Scintillator Counters (SC) of the
CTH is ongoing at Kyushu University.

Objectives of the QC:
» Wrap the 256 scintillator counters in aluminized mylar
» Measure their light yield and timing resolution
» To detect defective scintillators
» To ensure the performance requirements of the
CTH can be met

/i

- 10 mm-T outer layer

- 5 mm-T inner layer
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Plastic scintillator BC-408




COMET Phase-l|

56 kW Beam Power

Tungsten Production Target

oduetion-Ti
(Tun

Capture Solenoid

StrECAL
Detector

n Electron Spectrometer Solenoid
_ Straw + ECal Detector g

”““‘-*—-—«Ele_c_;_t[_c_)n Spectrometer Solenoid

bhomentum selection

® SES: 2X10-17 (x10,000 improve)
® ] year running
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COMET Phase-l|

56 kW Beam Power

Tungsten Production Target

oduetion-Ii
(Tun

Capture Solenoid

.\ ;::?"-* \

Straw Tube
Tracker Electron Spectrometer Solenoid

nomentum selection

® SES: 2X10-17 (x10,000 improve)
® ] year running
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COMET Phase-l|

\\ \ | .'.. . ' ; h
Straw Tube - L W
Tracker Activity in KU @ Electron Spectrometer Solenoid

nomentum selection

| —

® SES: 2X10-17 (x10,000 improve)
® ] year running
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Electron Calorimeter (EC

Activity in KU @

® Measure energy, timing & position

- AE/E < 5% for 105 MeV

- At < 1ns
- Ax = Ay < 10 mm

® Provide trigger signal

- ~500(2000) crystals in Phase-I(II)
- 2X2%12 cm (10.5 radiation length)

® APD: HPK S8664-1

Module structure

010

side view

APD
Hamamatsu : S8664-1010

Reflectors (Double layers)
Outer : Teflon, SAINT-GOBAIN BC-642,t80 um

Inner :+ESRStiritomendddelBbwhidss

Optical pad
ELJEN : EJ-560, t1.0 mm

LYSO LED : Kingbright (A = 460 nm)
Thermometer ND Filter : Fuji Film ND3.0,190 um

. . .

Pt, 10 kQ (SMD0805) Suppress light yield of LED 0.05%

\ Connector (4 pins)
Molex : 53398-0471

/

ABS : 22 mm
spacer between PCB-LYSO
Painted with reflector (EJ-510)

PCB
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ECAL prototype

ECAL modules
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Good performance has been
achieved in a prototype test.



Wrapping & APD quality control

Activity in KU @ by D. Yoshikawa (M2)

A crystal is wrapped with double layers of PTEF APD QC method has been established

| PTEF ]
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Combination of wrapping materials is studied
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Almost ready for construction
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Crystal & Electronics quality control

Activity in KU @ by David Zhou (D1)

60,
Co Spectrum ;
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1.

2. Decay Time (Fitting of the average waveform)
3. Energy Resolution (o/x of the 1173keV peak)
4,

Position Dependency ((Max-Min)/Mean of the light QC of 48 boards has been completed

yield in 5 measurements)
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. . . . 7 Transport Solenoid Exit
The 1st commissioning in 2023 for '»7'{« 7 .‘-\s{?s,tr;mube'naker e
® COMET proton beam line 20,7 Wy VUL IRl >

® Muon Transport Solenoid
® (w/o Pion Capture Solenoid)

. Range Counter

=W

g Muon Beam Monitor
v /- .
Observed muon yields are consistent "

with simulation (preliminary).

K. Oishi, J-PARC Symposium 2024 Bigalearkiion Soctio
6 Data —e— Simulation
[ ] Stat. Error -o-- Target

Syst. Error -»--  Non-Target

Detectors

Counts / MeV/c / 10'? POTs

Experimental area

Momentum (MeV/c)
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» COMET searches for muon-to-electron conversion with
sensitivity of 100X (10,000x) better than the current
limit in Phase-I (II).

* Pion Capture Solenoid has been completed recently!

» KU has been playing a key role in the development of
CTH & ECAL. — move on to construction stage

» Phase-I will start in JFY2026. Stay tuned!
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