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Charged lepton flavor violation (CLFV)
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Branching ratio(BR) ~0(107°%)  Impossible to observe:

B Discovery of CLFV -> Beyond Standard Mode!(BSM)




How much sensitive to BSM

“IDNA" of flavour physics effects for the most interesting observables in a selection of SUSY and non-SUSY models
i W signals large effects, <ol visible but small effects and ol implies that the given model does not predict
sizable effects in that observable.
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Muon LFV experiments are sensitive to many BSM models and very high NP scale.



PRISM/PRIME (10-18)
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* Any signal observation would be an unambiguous sign of New Physics 6
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History of CLFV search
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Measurement of U—e conhversion

N )
Signal * moho—ehergetic electron
N E. = m~B,~105 MeV (N=Al)
w —> e * Coherent process
\_ J
4 BGs V. *Decay in Orbit (DIOQ) A
N ///7 *Radiative m/u-capture
w_\) *Decay in Flight (DIF)
\_ v, e < *Cosmic—rays )
Current limit BR < TX10°'3(90% C.L. by ] \\\
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COMET Search for p—e conversion@J-PARC

Proton Proton
. E Measurement
( So | utions \ g Beam-related BG time window
(D J-PARC high intensity beam 5
@ Pulsed beam, Transport solenoid Life time of
muonic atom
New detector :
@ J Beam structure Time

— —Zme |

ioh capture solenoid

—

HI pulsed proton beam
BFE—L

Curved /pn _
solenoid ;
-> low § Curved electron
momentum | transport solenoid
| => high momentum
electron
High res. detector /

Goal sensitivity (SES) :3 x 10-17 (x10000 better)



COMET experiment
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Sensitivity (x100 improvements of current limit) (x10000 improvements of current limit)

Beam power 3.2 kW 56 kw

+ Beam measurement w/ Phase-I] detector 10



COMET Phase-1

* Physics run
e Sensitivity 0(1071%)
* Detector : CyDet
* Beam measurement
* Including R&D for Phase-1I1I
* Detector : $+rECal

Pion capture
solenoid(PCS$)

Transport solenoid(T$)

Bridge
solenoid(BS$)

Detector
solenoid(D$)

Preparations for Phase-I
Detector

are Pl’OQ"eSSing. CyDet, CR veto
($+rECal)
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Curtent status of COMET Phase-1I



COMET co||abora+|on
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Hadron Experiment Facility

Material/Life-Science Facility (MLF)
(muon source, pulse neutron source)

Accelerator-driven
Transmutation exp facility

Neutrino Experiment Facility
(T2K, towards SK)
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3GeV Synchrotron (RCS)
(350m ring, 25Hz, 1IMW)

30GeV Synchrotron (MR)
(1600m ring, 0.75MW)

(330m, 400MeV) #
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COMET beam |ine at+ J-PARC H
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Protonh beam

* J-PARC proton beam ih;}% Ve %H%fﬁa
* Accelerated up to 8 GeV RCS Y MR !

h=2 ﬁiggg :

* To minimize ahtiproton (1 bunch) %55 h=9 I
. QL (4 bunches) ;
* Bunched slow extraction : .
. Y,
* 4 out of 9 buckets S -

e Extinction < 10710

fraction of residual protons

*Measured extinction E70 % e
+ @K1. 8BR of HD(TT8 in 2021) e o=
«{ 1.0x1071 NS

BGs
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High purity beam enabled by J-PARC! 16



COMET Phase—a

first proton beam in COMET hall

* The 15* commissioning of +the
COMET beam |line (HD C-line)
was already done in 2023.

* The muon beam was successfully
transported to detector area.
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ransport solenoid(T$)

Bridse
solenoid(BS)

eeeeeee

Proton target

— Backward - Graphita
—— Forward - Graphits
— Backward - Tungstan

— Forward|- Tungstan
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Target : Graphite (Tungsten for Phase-II)
in Pion Capture Solenoid(PCS) with 4-5 T B—field.

Desigh work was almost done.



o en0|d(BS)
) Detector
/ solenoid(D$)

4
Detector
CyDet, CR veto

n"’ i 3 h;_.—. ﬂJ

‘”;-"a Dellivered Oct.

SR R =y

PCS was installed last November



Muon Transport

* 90 deg. curved transport
solenoid (T$).

e Low—p particles are selected and
high—-p particles are rejected
using the TS with additional
dipole field.

* TS operationh was successfully
cohfirmed in Phase-«

e Beam collimator designh was donhe.
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Detector Solenoid (D$)& Bridge Solenoid (BS)

ridge
o~ solenoid(B$)
eeeeeeee

eeee

DS was delivered to KEK in 2024.
BS was delivered to J-PARC in 2022.
Installation in COMET hall is
\ Py ohgoing.
_F“iewld measuremeh+ system “ e Field measurement will follow.




Muon stopping target

Al target

17 discs
10 cm radius, 200 um thickness, 50 mm spacins.

* Prototype was conhstructed.
*4. Tx10™* u/proton for Phase-I

*Qptimization is unhderway.




Physics Detector: CyDet olinricel

Detector surrounds muon stoppihg target.
* High hit rate
e High radiation level Cylindr!

cal prift Chambe !

eCylindrical Drift+t Chamber (CDC)

e Electron tracking —> momentum

e Cylindrical Trigger Hodoscope (CTH)
* Triggering
* Timing measurement

Cylindrical Trigger Hodoscope (CTH)



CDC

Drift chamber

He:iso—=C4H,,=90:10

~5000 sense wire
* full stereo angle

~250 cells +20 layers

* Momentum res.
e { 200keV/c

Basic performance test with
cosmic rays has been done.

Full readout tes+, cohstruction
of gas system are ohgoing.
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CTH

e Scintillator + fibre + MPPC

e 4—fold coincidences
* Trigger rate < 100 kHz

e Timing res. < 1 ns

* MPPCs placed outside of DS
to avoid radiation damage.

CRV

Electron
105 MeV/c

\ 5/7.5 m fibre bundles

Scintillator
(t=10 mm) /
L Scintillator

] _ (t=5mm) //// L4 i BS particles - : :
Wmf*"”#fff#f’ffi > QC/QA, construction are ohgoing.




Beam Detector: StrECal gy e trcker ]

Straw tube tracker

Very thin—wall tube gas detector low-material budget
Measurement of electron momentum

Resolution < 200 keV/c @ 105 MeV/c

Ecal (Electron Calorimeter)
LYSO + APD
Measurement of energy, timing, position
Trigger generation, PID

ion capture
solenoid(PCS)

a rt solenoid(T$)

" QA/QC setup
in tamp. controlled box

t\;uiﬁgﬂ
.,,,ﬂ

Straw tube tracker
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Trigger system (CyDet)

Accelerator clock

Central trigger system

trigger gen., CLk
beam info., etc.

X-ray monitor trigger system

Cosmic trigger systzm

CC<C FC Interface
o Fanin/Out

| Fast Control & Timing
I/F for FCT and readout/trigger board

COTTRI system
readout of trigger sighal

Frontend readout

=

21



Trigger system (S+rECal)

Accelerator clock

beam info.,

Fast Control & Timing
I/F for FCT and readout/trigger board

s X-T8Y Monitor trigger system

Cosmic trigger system

EROS(x}26) Frontend readout

s B (B
1 M

— b T
rer
i

-y
AT

Central trigger system
trigger gen., CLk

etc.

'E' =
128

H— —
x4 ‘

COTTRI (Backup)
ROESTI (x150)

| rigger v | ATIE
h--%liilhl x10 \

Straw detector
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Cosmic Ray Veto (CRV) Detector
e Hybrid CRYV

e Scintillator

Scintillators

e 4 layers
e Readout by MPPCs through RFG
wave length—-shifting
fibres.
 RPC
e Existing RPCs (CMS, ARGO)
e Evaluation is onhgoing. IRPC CRV (© CMS) 8 mockle (19005600 mn2)

A tracker module: 5 detector modules (baseline) PCB with common readout

157 scintillator module was

Al Honeycomb cassette

cohstructed and being commissioned.



Various new technhologies:

* Protoh beam mohitor

° TiOz. diamond. SiC . | 3\
e ML based online trigger system WWfTTﬁmwmﬂ ”ﬁg@ﬁ
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electronics Y trigger recorder

Trigger; si -
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Max 1Gbps/electronics * Being developed as an option /
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Phase—] sensitivity & BG estimation

B(pu~ + Al — e + Al)
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BG estimation

= 3x107" (as SES)

NM Number of muons @target 1.5 % 1016
f Cap Fraction of captured muons to total muons 0.61
f gnd Fraction of p-e conv. to the ground state 0.9
Au—e Signal acceptance 0.041
Sighal acceptance
Event selection Value Comments
Online event selection efficiency 0.9
DAQ efficiency 0.9
Track finding efficiency 0.99
Geometrical acceptance + Track quality cuts  0.18
Momentum window (&0, ) 0.93  103.6 MeV/c < P. <106.0 MeV /e
Timing window (&¢ime) 0.3 700 ns < t < 1170 ns
Total 0.041

Type Background Estimated events
Physics Muon decay in orbit 0.01
Radiative muon capture 0.0019
Neutron emission after muon capture < 0.001
Charged particle emission after muon capture < 0.001
Prompt Beam * Beam electrons
* Muon decay in flight
* Pion decay in flight
* Other beam particles
All (*) Combined < 0.0038
Radiative pion capture 0.0028
Neutrons ~107?
Delayed Beam Beam electrons ~0
Muon decay in flight ~0
Pion decay in flight ~0
Radiative pion capture ~ 0
Anti-proton induced backgrounds 0.0012
Others Cosmic raysf < 0.01
Total 0.032

More improvements with more realistic simulation are ongoing.
Real data is important.



Schedule

2024 2025 2026 2021 2028 2029 2030 2031 2032
Maghet system -0
Detector . |
Beam!line .. I - I
Beam operation O — [

P
<

v

Phase—-I Beam

<
<«

Phase-II Beam
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Summary

* Muoh to electron conhversion is onhe of the important CLFV
processes.

* COMET experiment at J-PARC is a search experiment for p-e
cohversioh with a sensitivity of 0(10°'7).

e In COMET Phase—I, “beam measurement and “L—e cohversion
seatch with an intermediate sensitivity are planed.

* Phase—] preparations are ongoing to start the experiment in
2027,
* Good extinction is achieved.
* Muoh transportation is established.
* Full solenoids are prepared and being integrated.
* Detectors are in preparations.
* Realistic simulation studies are ohgoinag.
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