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Why CLFV?

* Quark sector = CKM flavor mixing

* Lepton sector = Neutrino oscillations (PMNS)

* But: No evidence of charged lepton mixing

e |n the SM with neutrino oscillations:

BR(u — e7) x

2. U

2

pe eZMZ
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N 10—54

(essentially forbidden)

* New Physics models: SUSY, GUT, Seesaw, etc. predict
enhanced rates (can be close to the current limits)

Any experimental signal would be

a clear evidence of New Physics

Ryo Nagai (UOsaka)
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Muon-to-Electron Conversion (4N — ¢~ N)

104.9MeV/c
(Al target)

[ e

Monochromatic momentum
electron w/o neutrinos

— clean signals

UN — eN is a frontier

for fundamental discovery
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Physics Briefing Book : Input for the ESPPU 2020 (CERN-ESU-004)
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Search for p-e conversion

Caunts

Decay-in-Orbit (DIO) : background Signal
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* Other backgrounds:

Pulsed proton beam

0.12—
- : . . Prompt beam background
01 B s S — » Cosmic rays: high-energy electrons & muon: | Decas ———
0.06| ,
- WU D Wil 8 N T T - » Beam-related. m\\ Saskihedr
e s i C-shape” & delayed time window / | Sigra T Restiual proton

1815 102 1025 103 1035 104 1045 105 1055 106 — Long p lifetime needed... target material \ & induced background

Momentum [MeV/c]

Simulation with 200keV/c selection is a key (— Al is adopted in COMET) = 1.2 us >
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OMET Collaboration

>10 countries / >50 institutes

>200 collaborators
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COMET Experiment

Pulsed beam from J-PARC MR Pion Capture Solenoid
Pion Capture Section

A section to capture pions with a large
solid angle under a high solenoidal

Search for u~ — ¢~ conversion

with sensitivity of O(107!7)

] Q magnetic field by superconducting

19 Production Maget

- /{5}: J Target

Current limit: <7 X 1071° (Au target) =3 ] “Double C-shape structure”
SINDRUM I, Eur. Phys. J. C 47, 337-346 (2006) II = !Pions
lizing the pulsed beam f g
 Uti 1ZINg the pulse prOton eam irom g == g Muon Transport Solenoid Detector Section
J-PARC Main Ring izl e
i%'\ sion processes.
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* 4 types of superconducting solenoids
for efficient capture and curved transport
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* C-shape... different from MuZ2e .

Muon-Transport Section :

e Detector system optimized for oy of iors tndder . eiam :
dal magnetic field.

105 MeV/c electrons Detector B

| o | Solenaoid |8
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https://doi.org/10.1140/epjc/s2006-02582-x
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.---- Pion Capture Solenoid
(PCS)

Why Phase-I1?

e Beam characterization @ reduce uncertainties

» Simple setup allows fast physics measurement

Muon Transport E
Solenoid

Muon Transport Solenoid (MTS)

extinction factor RN

* Measure muon beam profile, intensity,

* Validate detector performances for Phase-ll

* First physics search with SES ~ 1071 with

: Detector Solenoid (DS
a dedicated detector ' id (DS)

— X100 improvement over current limit

COMET Phase-| Layout

Detector Solenoid, First 90° of full-COMET

Essential beam characterization & first physics . CyDetdetector , , ,
"""""""""""""""" With a dedicated detector: CyDet
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Phase-l Programs

Physics Run

Solenoid |

-
——— - o~ -
——— e
e -

e Search fory= — e~ at SES ~ 10~ 1 === Stopping
. — N _ Target (Al)
— X 100 better than current limit Q

e CyDet (drift chamber + trigger hodoscope)
e 105 MeV/c electron spectrum

Beam Measurement

e Characterize the muon beam
e Muon flux, profile

e StrECAL (straw-tube tracker + LYSO calorimeter)

e Reduce systematics, optimize Phase-Il design
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Proton Beam from J-PARC
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" J-PARC = Japan Proton Accelerator Research Complex
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Proton Beam from J-PARC
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Proton Beam from J-PARC

Y

®

J-PARC beam specification for COMET

e Bunched slow extraction
* Energy: 8 GeV

e Extinction < 1.02x 10719(90% C.L.)
* Measured at K1.8BR of the Hadron Facility (T78)
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Pion Capture Solenoid (PCS) St

i

e Capture pions backward-emitted from Graphite
target with < 5T field, guide muons into MTS

e |Installed and connected with MTS in Dec. 2024

* Vacuum vessel deformation during evacuation:

1.2 mm at proton duct flange

PHITS 3.34

 Coil resistance & voltage withstand up to S00V 3.7 KW prbton bdam

1 1 1

. : Neutron flux (cm-2s-1)
* Leak tests of LHe- & water-cooling pipes successful 1000 [Ngutron qut off @ TkeV) \\ 1010
» e

Nuclear data: JE

e Radiation hardness is important (3.2 kW, 8 GeV beam) 500

* Heat deposition: ~2mW/kg = ~ 26kGy / 150 days 0
» Neutron flux: 3 X 10 n/m?/s = 4 x 10°° n/m? / 150 days

 Thick stainless shielding ( ~ 40 cm ) protects coil
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« Excitation test after installation of 1500
return yoke, transfer tube, and DAQ
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https://indico.cern.ch/event/1450988/contributions/6259780/attachments/2998048/5282510/COMET-PionCaptureSolenoid-MY20250117.pdf

Pion Capture Solenoid (PCS

e Capture pions backward-emitted from Graphite
target with < 5T field, guide muons into MTS

e |Installed and connected with MTS in Dec. 2024

* Vacuum vessel deformation during evacuation:

1.2 mm at proton duct flange
* Coi

e Lea

resistance & voltage withstand up to 500V

< tests of LHe- & water-cooling pipes successtul

e Radiation hardness is important (3.2 kW, 8 GeV beam)

* Heat deposition: ~2mW/kg = ~ 26kGy / 150 days
» Neutron flux: 3 X 10 n/m?/s = 4 x 10°° n/m? / 150 days

 Thick stainless shielding ( ~ 40 cm ) protects coil

« Excitation test after installation of
return yoke, transfer tube, and DAQ
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https://indico.cern.ch/event/1450988/contributions/6259780/attachments/2998048/5282510/COMET-PionCaptureSolenoid-MY20250117.pdf

Muon Transport Solenoid (MTS)

B,
=
-

.'Middle T I— .Warm-bore duct | <Upstream bellows |

e Select low-momentum muons ( ~ 40 MeV/c) [Straight pipe

(6" assembly) |

« Suppress background by curved transport .

Measurement
cart

 Drift compensation with dipole field ( ~ 50 mT)
— difference from MuZ2e

‘Beam pipe

e Performance is verified by measurement and simulation (Thermal shield)

* On-axis solenoid field measured with 0.4% accuracy s hoions |

z
3
%

Field gradient
— leads drift and compensation by dipole

IEEE Trans.Appl.Supercond. 34 (2024) 5, 9000205
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Phase- & : 1st commissioning

e Performed in 2023

* Measure the proton beam profile & muon
beam profile after passing through the

transport solenoid

Muon beam spectrum

Momentum Spectrum @ RC's BDC

U) T T I T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T
IC_) | —e— Data -®@ QGSP_BERT
ol [ Stat. Error = Target
N ] Syst. Error -~ Non-Target
o 4 —
: u
S N
=
% -
~ 2r ]
i o Al R -
L T W
O L I e 1#_:1~‘I:"A":'4-|- e

e e b by | L1
30 40 50 60 70 80 90 100
Momentum (MeV/c)

Consistent! (Still under review)
Ryo Nagai (UOsaka)

Detectors

N
N

Exoerimental area

— Horizontal
— o(tgt)=2.14mm

Vertical
o(tgt)=3.88mm

1 l | 11 l | 1 | l | - 1 1 | | - l 11 1 l 1 | - l | 1

Measured beam dimensions



Detector Solenoid (DS)

Provide 1 T magnetic field to the detector

Basic performance was tested in 2024 and successfully
e Cooled to 4.2 K within 14 days (with N, cooling)

* Ramped up to the rated current without any training quenches
Installation to the COMET hall is ongoing

Mag. field mapping (10~ acc.) will be measured in Mar. 2026
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CyDet — Physics Detector

* Consists of Cylindrical Drift Chamber (CDC) and Cylindrical /

Trigger Hodoscope (CTH)

e CDC: Momentum resolution 200 keV/c (curvature)

* Magnetic field measurement of DS is essential

* Constructed at J-PARC, performance tests ongoing

e CTH: 4-fold coincidences (as the first hardware trigger)

Iron yoke

Ryo Nagai (UOsaka)

CDC

Stopping

- e- Target (Al)
= : -

20

8O

'_ N - ’
T . e S P s ea's s nsaunaa’asnan Fe s sansnnesnsnensl asnen'ssasannsssssiusnn

— = s ;
: . ‘
; ‘“\\
60 R S O S £ S M R, S S - VRS TORR
- - -t B
B I Ll J ¢ O .q
H - " .
H y ¢ ‘o o - . - 5 :0. :'\\
: ¢ E : - - ~ PL- :
= = 4 I I : -~ : e, O & o = N\
40 : ¢ . a H L : ' e . . 2wy
R RPN SN VI (HVTRISA PN N SRS DRI TR TR, T clesigeattPliciaiieecaiielen
H 4 s *" $ .
2L T . N0 e
iy p \i\ e

"";’ 5", " M 105 MeV/c electroq t‘rag‘!(' ‘e
(Slmulatlon)

:Il

L ¢ -~ > : Ce! :

: \ * e ot : : "'/, :
= . : : »; / '

C '- . . . v ®e 1/ :
o \ HE & O ;Q? N e é‘ - ] ;
— R T e i s KA
| .o o § o I

: \\ S o ¢ e ig ' L :

: : .~ o e : * . : :

: : \c Q S . o

. ~ . ° a ‘ ' ".s'
g B e

_T ................ i, ............ l....I....l ......... .Yp.\uu ...... f ..... ._‘-':’#7 ................ I....l....;..‘.l....I....l....l.....l....'[...

-80 —60 -40 -20 O 20 40 60 80

CDC @ J- PARC

Waiting for installation .=
TR

4 September 2025




Cylindrical Drift Chamber (CDC)

>

* Consists of 20 concentric layers with 4,986 sense wires &
14,562 field wires

* Chamber volume: 2084L filled with inner gas of He/iC4H10 (2:1)

* Basic performance test using CRs has been completed

 (Overall) position resolution ~ 200 um — expected level

* Further analysis is ongoing (gas flow dependence, ...)

 Studies of the track reco. with a high hit occupancy are ongoing 400 e e e e
Plastic scintillator/(trigger) — 350F 3
U-net deep-learning reconstruction scheme e S = e e M g E .
C N,=36 1] = 300F -
[ N,,=36 2indI=0.86 - - I i
- = % 250 [ _+__+_ -
i ofo NARE . - 1 9 opof Overall position resolution .
normal AN = : I o S —
3 1 = ’ .
SRR E . . . — —— —i
| b - Clear Cosmic Ray signal! 4 & 150F +++—¢——¢——¢—¢—+ ]
'noutimage 128x128 with normal format [2] - - — i o
TR S g ‘H I'H - 4 » 100 g
A ' ' - 1 c : E
reduced Fizwrae - XX ; ; 50 |- =
AT D e o + ¢ c@atulc’rfqa = - - -
l’.’:’ z."‘- :“:') | "m.‘x‘ :_ 3 OO I T I 11 I T T él L1 31 L1 14| T T 151 L1 é I T 7[ ! 1 g
input image 71x71with reduced format [2] Model strLctureofU-nelt:'”[).",]“ output imaze [2] i | | | | | | | | | : . .
~100000-800 -600 400 —360 0 200 400 600 800 1000 Distance from a wire [mm]

7 X [mm]
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Entries

o

i

Cylindrical Trigger Hodoscope (CT

e 10 mm'/5 mm' plastic scintillators (in total 256) located at the both
ends of the CDC + MPPC readout system

* Trigger signals generated by 4 scintillators’ coincidence

—

<A
| pis 3
1982 -
I s -
=2 ah > P
] . i fyie g
- B o - —
%y i - o FE -
. T o S ’|;§1 e T —
< J . - :: o —
et - . - e —
R o = s N 3
W o] - s : :
: . l-'; C™ i
. ] e - T
— . . - .\d-'
[ . <+ 'y ey el s )
! X —F 3 e '
= - . o N
— " - L [ SN -
- " ki ST - .
| | & o -~ - AT e -~ . ) *
) ! bl N -~ s .
I - .
P ' X .
| = T A = B = /v '
3 bae L pe - [} A
/ " WO " \
-
) | T S, . i I i 5.
' N 1 Y . . .
. :
¢ A S D 'S
\ " P
N
19 Iy
{
) B
#
[\
)
|
J .
! | \
’
]
o —- \

e Tilt is tuned for the signal (105 MeV/c electrons) target

* ule separation was measured in beam test with the prototype @ -5
« MPPC and Scintillator QC are ongoing |
« Completed: 300/300 for MPPCs ; 128(all of 10 mm")/256 for Scintillators

Four channel amplitude sum

N distribution o(te) distribution inti
] - = (Npeqc) b o (ts) S:l;l(i):lllator
m mm
450— . 1 - repro _ _ . . e
-~90% signal >90% BG rejection . g em oy =~ 18pe - d :8Oc3m Signal electron Scintillator
400|— u= 511 0.0 105 MeV/c t 5 mm
350: c= 1.9
:_— 0 1 1 1 1 1 1
= 0 - - f - ' - ' 00 nn 04 0ea 08 10
300:_ //t/e Sepal"ation 20 - 25 40 A8 S0 55 a0 68
2501 — = 50.3 25 - u= 0.3
= o= 2.1 o= 0.0
200
? 0 25 A0 45 a0 55 a0 A5 0 ﬂln nl’> ﬂIA ﬂlﬂ ﬂl R 1 lﬂ
150 }— - 20 CDC
= My d=32cm d=32cm
100 Ay p=49.9 = =03
= ¥ | o= 2.1 o= 0.0
50 : A ‘ ‘“ ‘1;] 0 I 1 I I Ll 1 1 0
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StrECAL — Beam Measurement & Phase-ll Prototype

..
-

e Straw tracker:

« 2,400 straws ()10 mm, 20 yum aluminized Mylar)
 Gas mixture: Ar/CyH¢ (5:5)

* 3rd station completed, 4th/5th under construction
 Spatial resolution achieved ~ 110 um (prototype; req: < 200 ym)
e Momentum resolution: < 200keV/c

e Calorimeter:

 Structure has been built: ready
* LYSO crystal (485/512) QC/QA ongoing (light yield, irradiation)

» APDs: all delivered; QA on dark current & gain curve in progress ..” T
e Electronics: final version under refinement and validation ..”
(digitizer: completed) ’.” LYSO crystal LN
1st station 3rd station .« [l el (===
. T e SRR,

(1
|||||
""""""""""""
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Cosmic Ray Veto Detectors

COMET Phase-l, 142 days at 3.2 kW
With cuts (timing, trigger, CRV, track)

/"+ rejection rate = 89% CRV efficiency = 99990/0-

jt~ rejection rate = 0% | B — f*“_) =44 x 107" iRPC
d Source Count in
S {—€ conversion 1.000

] u decay-in-orbit 0.003 Beam direCtion
: 4+ Cosmic 0473

2000 Momentum window
E § ~ Large contribution from Cosmic Rays

- R
4
—p— —
T i
——
—
- -

103 - ;11 CRV ensures >99.99% cosmic rejection
10-° & ' . -I :

) ) ; ] 1
9% 98 100 102 104 106 108 [ 10
p [MeV/c]

* Full covering except the beam holes, using different technologies
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Count per 0.5 MeV/e

b AN

— indispensable for COMET sensitivity.

» Top CRV: plastic scintillator layers
» Side CRV: ARGO-RPC modules

* Upstream/Downstream CRV: improved RPCs ./,
e Scintillator CRV is under construction, and e e

. ol bR A4 ! * L
p— e SIEAL AR TR 3 . 0 i y =0 ok 1k Al‘, .
AT o | & IRl £.4h L) - T A1 ) - ¥ RIE 4 N 1
et T o I e o H e S L - A B30 ik A N R A LT |

P IR
RN

RPC CRV are under developments. First module of the top CRV

[ S5
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Re-adjustment of muon beam collimator

 Confirmed that the default collimator Electron sources Proton sources
already achieves 70-80% background 10
° ° ° . 105-
reduction (from simulation studies) 104 o
* High CTH trigger rate observed in new & §10°
. 10°] 102!
MC samples = need further reduction o

* Main background sources: N N

 Electrons from gammas

Add steel ST | G0 shield

e Protons from neutrons

— Now re-adjusted to fit into the real MTS
geometry

e _

Final hardware optimization guided Default collimator S

= 7..“ H HJ[ ‘!j‘guu.
S S

by simulation studies

MTS

Ryo Nagai (UOsaka) NuFact 2025 @ Liverpool




Phase-l Timeline

2025 2026 2027 2028 2029-

— DS|installation
Phase-I|

. P Detector installation

. . % . .
Magnetic field meas Beam ling construction

Low intensity run
| -———p
Physics Run / Beam meas Phase-lI

* Now — 2026: Solenoid installation & magnetic field measurements

e 2026-27: Detector installation, beamline construction
— Phase-| physics run starts in 2027

e 2028-: Toward full SES ~ 1071
... and preparation for Phase-Il (full double c-shape structure)

Ryo Nagai (UOsaka) NuFact 2025 @ Liverpool 4 September 2025 20




Summary

« COMET searches for = — e~ conversion

* Phase-l: construction will be completed in 2 years
— Physics run starts in 2027 (target SES ~ 107!°)

o Phase-ll: target SES ~ 10~!7 with full transport solenoid system
and better background suppression

 COMET can provide a leading probe of CLFV and New Physics
scale up to ~ 10° TeV

Ryo Nagai (UOsaka) NuFact 2025 @ Liverpool 4 September 2025
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Backup

NuFact 2025 @ Liverpool

4 September 2025
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CyDet Installation Mechanism

| DS + iron yoke
e Limited DS entrance space requires TR
a dedicated rail system for safe -
CyDet installation and removal

e 2 components:
* CyDet Cradle — manufactured

* Cradle mount with rail — under design

Mg, T B
,I-,s s

5 .
o
L e ——

_J "Cradle mount”
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Phase-ll Outlook

e Target SES ~ 10~!7 (x10,000 beyond previous limits)

» Key Upgrades:

* Introduce the Electron Transport Solenoid
— complete “c-shape” curved geometry

 Improve background suppression (cosmic ray veto, shielding)

 Improve the detector and DAQ performance based on the Phase-l results

e Comparable sensitivity to Mu2e at Fermilab
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