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Fermion mixings itn the SM
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cLFV observed = New Physics in the lepton sector beyond minimally extended SM
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(c) d-quark Box (d) u-quark Box
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Scale [TeV]

muon observables among the most sensitive to high scale new physics
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Rate ~ F reach 10 times higher in energy scale!
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COMET Measurement Strategy

Laboratoire de Physique de

Improve by a factor 104 the present limit Rpe <1.5 10-13

Decay In Orbit

_ _ _ 10'8 stopped muons
uN — evvN This requires: _ _
high background suppression

© Lobashev and Djilkibaev
MELC experiment [Sov.J.Nucl.Phys. 49, 384 (1989)]

proton beam

uN(Z) » vN'(Z - 1)
Nuclear Muon Capture

prbton beam

© S.Giovannella

solenoidal B field with strong gradient

C. Carloganu, EPS, Marseille 2025



COMET Measurement Strategy

Decay In Orbit PUlsed beam

uN — evvN
1(& ns
= vector interaction with « . Main Proton Pulse -
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i I Signal
tvector interaction witfk /
aa \

photons I
dioole interaction
scalar interaction | N
0 20 40 60 80 .
z 0 Time (us) 1
1.1 us
Material target | Atomic number (Z) | Muonium lifetime (ns)
Aluminum 13 864
Titanium 22 330 Delayed DAQ gate (700ns-1,17ps)
Lead 82 74

Narrow proton pulses
O(1019) out-of-time proton suppression
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| 330m, 400 MeV §

Rapid Cycling

Sync
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400 MeV — 3 GeV
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" COMET design
o M ET _ - : Toboratorre d“e Physique de

M105 MeV e-
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#  Proof of Principle : MUSIC @ RCNP, OSAKA University LPC2
OMET -
,/.e

PHYSICAL REVIEW ACCELERATORS AND BEAMS

Highlights Recent Accepted Special Editions Authors Referees

Delivering the world’s most intense muon beam

S. Cook, R. D'Arcy, A. Edmonds, M. Fukuda, K. Hatanaka, Y. Hino, Y. Kuno, M. Lancaster, Y. Mori, T. Ogitsu, H.
Sakamoto, A. Sato, N. H. Tran, N. M. Truong, M. Wing, A. Yamamoto, and M. Yoshida
s 20, 030101 — Published 15 March 2017

proton target
MuSIC muon yields

: V' s £ THBII—AUEE
p+ : 3x108/s with 400 P7Ale. » ' N ) i 5 RTEMTIEE
: ' / ESTERIT

u- : 1x108/s with 400W \ ) gy A / Lz o=a—

1011/s with 50 KW, possible!



COMET , a 2-stage experiment
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Stopping
Target

8 GeV proton beam (3.2 kW)
Graphite proton target
1.2 109 stopped muons/s

Expected limit : 710 5@ 90% CL
Total background: o.01 events
Running time: 0.4 yrs (1.2 1075s)

C. Carloganu, EPS, Marseille 2025

Phase Il

capture
solenoid

Pion Capture Section

Production maget

Eﬂﬂ'ﬂiﬁmﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

Pion-Decay and
Muon-Transport Section

A section to collect muons from
decay of pions under a solenoi-
dal magpnetic field.

Sm

A section to capture pions with a large
solid angle under a high solenoidal
magnetic field by superconducting

Detector Section

A detector to search for
muon-to-electron conver-

8 GeV proton beam (56 kW)

Tungsten proton target
1.2 10" stopped muons/s

Expected limit : 710 7@ 90% CL

Total background: 0.32 events
Running time: 1 yr (2 107s)
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® ® Hadron

Experimental

MR (30GeV proton synchrotron) Facility
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Proton Beam Monitors
+ Polycrystalline TiO2 developed in India. Very thin (10 pm) and much cheaper (handmade) than diamonds.. Tested in Phase-alpha

+diamond
+SiC

Beam

direction

X+
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Phase-a : first proton. beam in. COMET Huall (Feb-March 2022) L/PC/
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+ Slowly-extracted pulsed 8 GeV proton beam at 260 W
(~1/10 of Phase-I

* Thin graphite pion-production target

+ Proton beam diagnostic detectors (time, intensity & xy
distribution)

+ Secondary particle detectors -> muon range distribution

; Horizontal )
- o(tgt)=2.14mm /

—e— Data —e— Simulation
[ ] Stat. Error -3 Target
Syst. Error -~ Non-Target
4 ]

Vertical
\ 0(tgt)=3.88mm

Counts / MeV/c / 10" POTs

Ll |! il \ -
60 70 80 90 100

Momentum (MeV/c) Muon Transport Solenoid

Concrete way - =

Measured beam size

ham - pud
= Experi
C. Carloganu, EPS, Marseille 2025 Detectors P Mmenta| areaz



COMET Status :: Facility Status :: Capture Solenoto

' ‘ 2
M ©
Laboratoire de Physique de

The PCS was installed
in its final position in
Dec. 2024

Acceptance tests

finished.

* No leak

+ Coil resistance is
OK.

C. Carloganu, EPS, Marseille 2025

W iy

~

—
=1 W, W

1%

Muon
Transport
Solenoid
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COMET Status :: Facility Status :: Bridge and Transport Solenoids
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They will come to the hall in this summer.

BS magnet Mar. 2022

: "lz’l.’“ @ - - i' 1 Ly -
DS magnet is at North Counter Hall in Tsukuba, to be moved to J- BS magnet is at NU1 in J-PARC, stand-alone commissioning
PARC this year followed by the field measurement has been completed

C. Carloganu, EPS, Marseille 2025 14
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- Beam axis
- Radial axis
Whole rotation

- Target accuracy 0.1%
- Measurement area

+ L1700 mm

+ R800 mm

C. Carloganu, EPS, Marseille 2025

Laser Tracker ATS600

SHINSEI co. / USR 60-E3NT

Retroreflector

15



2 COMET Phase- :: Aluminium Muon Target

OMET

* 17 aluminium discs
* 10 cm radius, 200 ym thickness, and 50 mm spacing.
« Stability and performance tests of various aluminium alloys concluded.

C. Carloganu, EPS, Marseille 2025

17 Al disks

100 mm radius, 200 um thick
Number of Signal Events
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# COMET Phase-1 :: Cylindrical Brift Chamber and CTH

iThe latest realistic prc

OMET
_,c-’e

Cylindrical Drift Chamber (CDC)

(LI )

LU,

&

Electron
105 MeV/c.

C. Carloganu, EPS, Marseille 2025

N

/Scintillator

(t=5mm)

S0 LPC2

Fibre bundle Scintillator

Trigger : 4-fold coincidences
TO measurement for tracking

2 wheels of 2x64 plastic scintillators

5 mm (inner) 10 mm (outer) thick

> 40 p.e. for a detection efficiency > 99%
MPPCs + plastic fibre bundle readout.

Inner lead shield to block gamma rays from inside.

MPPCs operated < -36°C (radiation damage).

Front-end electronics being produced
Mass production will start soon

Y. Fuijii, et al., Nucl. Instrum. Methods Phys. Res. A, 1067 (2024

17



o
COMET Phase- :: Cy Lindrical Drift Chamber L/PQ

7
OMET
e da Silva et al, https:/arxiv.org/abs/2401.04576

+ 20 concentric sense layers ( ~5000 gold plated sense
wires)

+ mechanical design based on Belle [l CDC

+ all stereo layers + 70 mrad (alternate)

+ Helium based gas (He:iC4H10=90:10) to minimise -
multiple scattering

+ large inner bore (~500 mm) to avoid beam flash and DIO

L

Momentum resolution: better than 200 keV/c @
105 MeV/c

§ |
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Mitigating the Atmospheric Background :: Simulations

Rare muons and muon-induced electrons w/o CRV signals,
undergoing high angle scattering before penetrating in the

detection volume

Very expensive to simulate with high accuracy with direct MC
(G4),much better with a backward MC

V. Niess et al, CPC 2018, 229, pg 54

CPU time needed to simulate the
transmitted flux with 1% accuracy

106 . : : : * [}
—— forward detailed
backward detailed
104 Tl forward hybrid o
@ 4 backward hybrid boooo, 00 ° :
- ) o Geantd (1(101) coer . A
= 102 AU MUM (v1r5) . ‘ 100x speed up
q,)“ 0° .o VA'::
g SUEEEERE R rS 1000x speed up
+ 100‘AAAAAAAAAA'A&&AAAAAAAAAAAAA.-A'A"f‘
Non analog simulation using Importance Sampling and 102 | | , . , ,
Backward Monte Carlo 107° 1072 107" 10 10" 10> 10° 10
path length, s (m)

C. Carloganu, EPS, Marseille 2025
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Mitigating the Atwmospheric Backgrownd

L I = °PPlc
Laboratoire de Physique de

Maps of the triggering
atmospheric muons 6

] -
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Scintillators
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COMET Phase-|,
With cuts (timing,

142 days at 3.2 kW
trigger, CRV, track)
CRYV efficiency = 99.99%
B(p~ —e)=44x10""

Source Count in i

=0 p—e conversion 1.000
1y« decay-in-orbit 0.003
0.473

-+ Cosmic
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:: [m]

Integrated count

Downstream [ day-cm-2]

4" rejection rate = 89%

-0
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COMET Phase-l, 142 days at 3.2 kW
1~ rejection rate = 0%
B(u= — e )=44x1071

10° 4

102 4

10" 4

10° 4

4 Signal
e, ¢ Cosmic
".. 99.90% — ~1 background event

Sneaking component

101

A A L
1 — (CRYV efficiency)
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COMET Phase | :: a hgbrid CRYV

PaN

‘WLS fiber optical gel

RPC CRV (© CMS) oo oobeob

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

C. Carloganu, EPS, Marseille 204

Al Honeycomb cassette

21



concluston

« COMET at J-PARC will search for neutrinoless muon to electron conversion with an expected
SES of 3x10-15 (Phase-l) and O(10-17) (Phase-ll).

+ A direct measurement of the beam profile and backgrounds to be performed in Phase-I.

* The facility & beam line construction expected to be completed ~ next year.

* Very busy finishing building the detectors right now ...

+ We will start with low-intensity (~10% power) commissioning runs in 2027.

2025 | 2026 2027 2028~

Detector Preparation

Sensitivity of 10-15

Low-intensity
Runs

P hQSe. [

Data taking

— Phase-Il

C. Carloganu, EPS, Marseille 2025
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