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COMET@JPARC Facility (KEK/JAEA)

COMET (Coherent Muon to Electron Transition)
43 institutes, 17 countries, ' 200 collaborators
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CC-IN2P3, Lyon,
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Wilfrid da SILVA (LPNHE-Paris)
Luigi DELBUONO (LPNHE-Paris)
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Jean-Claude ANGELIQUE (LPC-Caen)

Wilfrid da Silva FCPPN/L 2025 (July 25th) 2 / 15



Principal Goal of COMET : search for the µ−N → e−N process.

coherent neutrinoless conversion of muons to
electrons (µ− e conversion)
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Left (right) : photonic (four-fermion/contact) interaction.

The shaded circles denote a BSM flavor-violating interaction.

Violates the conservation of individual lepton flavours
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Other experiences in the field : past, present and future

Current limits for CLFV B(µ+ → e+γ )< 1.5 10−13 (90 % C.L) (2025 MEG II experiment)

Mu2e, the Coherent Muon to
Electron Transition Fermilab
experiment in many aspects is
very semilar to COMET.
The projected sensitivity for :
Mu2e after 690 days of operation
is 3× 10−17 at 90% CL.
COMET Phase-II is 2.6× 10−17

at 90% CL.

Minimal extension of the SM : Dirac masses for neutrinos are incorporated. Leptonic mixings are possible including CLFV.

CLFV processes such as radiative decays (`i → `jγ) yield extremely small rates
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Experimental Aspects of µ− e conversion

Energy of the signal electron : Eµe = mµ − Bµ − Erecoil

(Bµ : muon binding energy, Erecoil nuclear recoil energy) = 104.97 MeV (aluminium)

Mono-energetic electron
⇒ simple signature
Energy e− ∼ 105 MeV
⇒ well above the muon
decay spectrum
end-point
energy ∼ 52.8 MeV.
Long lifetime (864 ns)
⇒ backgrounds beam
flash can be eliminated
by waiting
Could improve sensitivity
by using a high muon rate

Momentum distributions for three
different beam momenta and
polarities: (i) 53 MeV/c negative
muons, optimized for µ− stops, (ii)
63 MeV/c negative pions, optimized
for π− stops, and (iii) 48 MeV/c
positive muons, optimized for µ+

stops. The 63 MeV/c data were
normalized to the same measuring
time. The measurement with the
stopped µ− beam is compared with
GEANT simulations of decay in orbit
and µe conversion.
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COMET will be conducted in 3 phases :

Phase-α : In Feb-March 2022
Run at low intensity (200 W) without pion capture solenoid

Phase-I : Should start end 2026 - Physics running (2-3 years)
Investigate the beam and backgrounds
Branching ratio limit B(µ−N → e−N) :7× 10−15 at 90% confidence level

Phase-II :
Use the information gained in Phase-I
Branching ratio limit B(µ−N → e−N) : 2.6× 10−17 at 90% CL
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Some COMET requirements (need of lot of muons)

Good J-PARC high-power proton
beam

3.2 kW (Phase I), 56 kW (Phase II)

Good Efficient pion collection
system

Surrounding the proton target : 5 T
superconducting solenoid.

Good Cosmic Ray Veto (CRV)
Georgia,France, IHEP, · · ·
Has to identify cosmic-ray muons with an
average inefficiency that is lower than 10−4

The active veto system covering the CyDet
is made of scintillator-based detectors/
glass resistive plate chambers (GRPC)

Good track reconstruction in full
stereo Central Drift Chamber

Protons =⇒ pions =⇒ muons =⇒ electron
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COMET Cylindrical Detector system (CyDet)
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Momentum distributions for the reconstructed µ-e
conversion signals and reconstructed DIO events.
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COMET Track finding in full stereo Central Drift Chamber (CDC)
@IHEP team (Tianyu XING, Yao ZHANG, Ye YUAN, · · · )
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COMET Track fitting in full stereo Central Drift Chamber

=⇒ Good resolution, single and double turn fitting resolution still under
study
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Classical "Hough Transform" for the Track finding in stereo drift chamber
and link to Apollonius De Pergas’s Problem

Radius ri are well defined in a Axial Drift
Chamber (radius = axial drift distance) but

not in a Stereo Drift Chamber

=⇒ Not bad ! but to many wrong answers ! Can we do better ! i.e estimate all helix parameters
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Stereo Drift Distance and Apollonius De Pergas’s Problem

Just rewrite the stereo drift distance standard equation for an helix in the
Apollonius Formalism :(
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=⇒ Can now estimate all helix parameters (xc , yc ,R, z0, λ) from data

=⇒ very good results on perfect track helix toy model
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Aim : develop/test a COMET track finding software package using
Apollonius’s Problem on realistic COMET simulation with Julia language

realistic COMET simulation given/produced by IHEP team

Helix parameters given by Hough Transform

Hough Transform based on arithmetic Interval

Using Divide and Conquer algorithm

GPU straigth forward implementation with Julia

Run on CC-IN2P3 GPU
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Some preliminary results (' 80 signal hits and ' 2500 noise hits (50 %
CDC occupency)

Apolonius’s algorithm is currently tested

Very good behavior at high CDC occupency 50 % (very similar result as standart algorithm at
low CDC occupency 5-10 %)

Currently including correction due to non uniform COMET magnetic field

Currently Considering the "Hough transform" output (noise or signal hits (helix parameters,
drift distance sign and turn number) as input of denoising diffusion neural net.
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Summary and Prospects

COMET Phase-I (commisioning) should start end 2026.
Apollonius’s algorithm is currently tested (show very good result at
high CDC occupency)
Julia programming language can make algorithm development
easier (GPU, · · · )
Consider correction due to non uniform COMET magnetic field
Consider using denoising diffusion neural net.

Thanks you very much
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