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COMET @ JParc Facility (KEK /JAEA)

43 institutes,18 countries 

Hadron Exp Facility

ν Exp Facility
T2K→ SK

Material & Life Science 
Facility

muon & pulsed neutron sources

LINAC 
330m, 400 MeV

Main Ring 
1.6km Sync, 0.75 MW

Rapid Cycling Sync 
350m, 25 Hz, 1 MW
400 MeV → 3 GeV
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SM with mν > 0

cLFV in muon channels 

 

Coincident 
back-to-back e+ - γ   

Ee = Eγ = mμ/2 (∼ 52.8 MeV) 

 Σ E =m;   Σ P⃗ =0 
vertex; coincidence 

E(Al, Pb, Ti) ≈100 MeV  
single electron;  

well defined energy 
well defined time

μ+ → e+e-e+

μ-+ (A,Z) → e-+ (A,Z)

BR(μ → eγ)  90% C.L. 
PSI/MEG 2016 4.2 × 10−13

PSI MEG II 4 × 10−14

BR(μ → eee) 90% C.L. 
PSI/SINDRUM 1988 1.0 × 10−12

JINR 1991 3.6 × 10−11
PSI/PSI/Mu3e  10−15 - 

μ → e γ

CR(μ → e, N ), bound
4.3 x 10-12 Ti 1993
4.6 x 10-11 Pb 1996
7 x 10-13 Au 2006
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μ  e conversion in muonic atoms :: experimental strategy 

Improve  by a factor 104 the present limit  Rμe <7 10-13
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μ  e conversion in muonic atoms :: experimental concept  
 

Soft pions confined with solenoidal B field
Strong gradient to increase the yield through magnetic reflection  

© S.Giovannella 

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

CR(μ → e, N ), bound

4.3 x 10-12 Ti 1993

4.6 x 10-11 Pb 1996

7 x 10-13 Au 2006
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Proof of Principle : MuSIC @ RCNP, OSAKA University  
 

1011/s with 50 kW, possible!
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μ  e conversion in muonic atoms :: experimental concept  
 

Decay In Orbit

Soft pions confined with solenoidal B field
Strong gradient to increase the yield through magnetic reflection  

© S.Giovannella 

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

measurement 
window 

0.7  - 1.17 μs

Delayed DAQ gate to suppress prompt backgrounds
Narrow proton pulses
O(1010) out-of-time protons suppression  
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μ  e conversion in muonic atoms :: experimental concept  
 

Decay In Orbit

measurement 
window 

0.7  - 1.17 μs

Delayed DAQ gate to suppress prompt backgrounds
Narrow proton pulses
O(1010) out-of-time protons suppression  

Atmospheric muons can fake signal events 
⇒ proportional to the running time
⇒  higher beam intensity is preferable

Soft pions confined with solenoidal B field
Strong gradient to increase the yield through magnetic reflection  

© S.Giovannella 

© Lobashev and Djilkibaev,  MELC experiment  [Sov.J.Nucl.Phys. 49, 384 (1989)] 
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cLFV :: μ  e conversion in muonic atoms  

Muonic atoms
 stopped in a target → 1s bound state

+
muonic X-Rays

μ−

Decay In Orbit

low energy neutrons, protons,γ’s 

➪
➪

noise in the detector
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cLFV :: μ  e conversion in muonic atoms  

Decay In Orbit

© S.Giovannella Required momentum resolution : 
better than 200 keV/c 

Improve the momentum resolution: 
- minimise the multiple scattering : thin 

Al target, gas tracker
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COMET design

8 GeV proton beam (56 kW)

Muon transport

solenoid (3T):

π− → μ−

Stopping target (2T)

Pion Capture solenoid (5T)

Expected muon yield: 1011 stopped muons / s

105 MeV e-
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COMET design

8 GeV proton beam (56 kW)

Muon transport

solenoid (3T):

π− → μ−

Stopping target (2T)

Pion Capture solenoid (5T)

Detector solenoid (1T)

Calorimeter

Expected muon yield: 1011 stopped muons / s

105 MeV e-

Electron Spectrometer (1T)

No photons and (high p) 
neutrons from the target getting 

to the detector! 
No low momentum charged 

particles either …



13

A simulated COMET event
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Electromagnetic calorimeter
•  trigger & timing: response time 

faster than 100 ns
• electron energy : ΔE/E < 5% (@105 

MeV) 
• cluster position: σx<1 cm
• 50 cm of radius
• made of 1920 LYSO crystals 

2×2×12 cm3 (10.5 X0)
• read out by APDs (operates @ 1 T)

COMET design :: detection section 

Straw tubes tracker
• operates in vacuum @ 1T 
• Δp = 150~200 keV/c (@105 MeV/c) 
• 12 μm thick, 5 mm diameter for Phase-II
• at least five stations

Ar:C2H6 (50:50), 1900 V 
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COMET , a 2 -stage experiment (lately  2-> 2,5 ->3 )

5 m

Phase I Phase 2Phase II

Expected limit : 7 10 -15 @ 90% CL 
Total background: 0.01 events 
Running time: 0.4 yrs (1.2 107 s)

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

8 GeV proton beam (56 kW) 
Tungsten proton target 
1.2 1011  stopped muons/s

Expected limit : 7 10 -17 @ 90% CL 
Total background: 0.32 events 

Running time: 1 yr (2 107 s)

5T pion 
capture 
solenoid

Detector
Room

Target
Room

Beam
Dump

Target

Phase-α

Detector

Machine
Room

•  Low intensity run (260 W) 
without Pion Capture Solenoid 

•  Thin graphite p-target 

•  Proton beam diagnostic 
detectors  

•  Secondary particle detectors

 2022Phase  α
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Physics  
measurements

Beam  
measurements

COMET Phase I
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COMET Phase-I :: Electron Detectors (CyDet)

momentum of 
muons

stopped  in target

muon momentum 
on the target

 4-rings of ultra fast scintillators 
read by optical fibres and SiPMs

Four-hold  
coincidence 

provides trigger 
and PID



18

COMET Phase I :: a hybrid CRV

Backgrounds
•Cosmic Ray          Solution: CRV !  
CR muons can decay in flight or interact with the 
materials around the area of the muon-stopping target 
producing signal-like electrons in the detector region.
The  Cosmic Ray Veto (CRV)   based on the 
scintillator counters must identify CR muons and  
provide a rejection power  of about 10-4 for them. 

Each side of CRV  consists of 4 layers of strips

Scintillators CRV

A tracker module: 5 detector modules (baseline)

a module (1900x600 mm2):  
 two single-gap GRPCs  

with common readout 
float glass

PCB

1.2 mm gap

Al Honeycomb cassette

GRPC CRV
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Phase-α : first proton beam in COMET Hall (Feb-March 2022)

•  Low intensity run (260 W) without Pion Capture 
Solenoid

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

•  Secondary particle detectors -> muon range 
distribution

Beam-masking system

1 mm graphite p target
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Phase-α : first proton beam in COMET Hall (Feb-March 2022)
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Pion Capture Solenoid  at  J-PARC  since Nov 2024
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©Y Fukao, J-PARC PAC Jan 25
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All magnets available - (almost) ready to use!

©Y Fukao, J-PARC PAC Jan 25
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Cylindrical Drift Chamber

©Y Fukao, J-PARC PAC Jan 25
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©Y Fukao, J-PARC PAC Jan 25

Timeline
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Each challenge is an opportunity 
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COMET PHASE-I
Physics Sensitivity for COMET phase-I
 

 

8 GeV, 3.2 KW proton beam

Running time ~ 150 days

 Summary of the estimated background events for 
a single-event sensitivity of 3 × 10−15



             C. Cârloganu, COMET Review for Phase-I, 19.07.19
.2024
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V. Niess et al, CPC 2018, 229, pg 54

100x speed up 

1000x speed up 

Backgrounds
•Cosmic Ray          Solution: CRV !  
CR muons can decay in flight or interact with the 
materials around the area of the muon-stopping target 
producing signal-like electrons in the detector region.
The  Cosmic Ray Veto (CRV)   based on the 
scintillator counters must identify CR muons and  
provide a rejection power  of about 10-4 for them. 

Each side of CRV  consists of 4 layers of strips

Non  analog simulation  using Importance Sampling  and 
Backward  Monte Carlo

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  

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

Estimation of the Atmospheric Background



             C. Cârloganu, COMET Review for Phase-I, 19.07.19
.2024
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108 MeV µ+

MC trajectory

108 MeV sneaking e+ generated by the 
interaction of an atmospheric muon with 
the CTH support 

Atmospheric Background Topology

sneaking
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A tracker module: 5 modules 



             C. Cârloganu, COMET Review for Phase-I, 19.07.19
.2024
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Maps of the triggering  atmospheric muons

Top [ day-1cm-2]

Side [ day-1cm-2] Downstream [ day-1cm-2] Upstream [ day-1cm-2]

Characterisation of the Atmospheric Background 

99.90% → ~1 background event

99.99% → < 0.3 background events (mostly sneaking)
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COMET Phase I
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 CM42, 29.02.2024 34

Very significant pileup::simulation  under development  

neutrons photons electrons positrons

Log10(E) (MeV)Log10(E) (MeV)Log10(E) (MeV)Log10(E) (MeV)

all particles 
t<1.2 µs all particles 

t<1.2 µs 
all particles 

t<1.2 µs 

all particles 
t<1.2 µs 

Muon target
Proton target

µs ms
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Upstream  CRV 

Fluence over full operation→ integrity of the detectors 

Instantaneous flux during operation → Rate of hits  
→ significant loss of efficiency above 1.5 kHz/cm2 
→ fake vetoes  →  dead time for COMET

A. Samalan et al 2022 

B. JINST 17 C01011 Hit rate (Hz/cm2)

no shielding

Hit rate (Hz/cm2)

10 cm shielding

Testing shielding no 1: 3.5 cm 
Mg(BH4)2 after the BS

3 chambers in coincidence out of 5 

eff chamber 93 95 98

ineff CRV 3.1 10-3 1.2 10-3 10-4



36

    𝐴𝑐𝑐 = 𝐴𝑐𝑐𝐺𝑒𝑜 ∙ 𝜀𝑇𝑟𝑖𝑔𝑔𝑒𝑟 ∙ 𝜀𝐷𝐴𝑄 ∙ 𝜀𝐹𝑖𝑛𝑑𝑖𝑛𝑔 ∙ 𝜀𝑇𝑟𝑎𝑐𝑘𝑖𝑛𝑔 ∙ 𝜀𝑞𝑢𝑎𝑙𝑖𝑡𝑦 ∙  𝜀𝑀𝑜𝑚𝑒𝑛𝑡𝑢𝑚𝑊𝑖𝑛𝑑𝑜𝑤 ∙  𝜀𝑇𝑖𝑚𝑒𝑊𝑖𝑛𝑑𝑜𝑤

90%~20% 99% 99%
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CyDet
The main drift chamber parameters
Momentum resolution : 
better 200 keV/c at 105 MeV/c

 CyDet event. This is a projected view 
from the central plane of the detector

Blue hits correspond to the 
signal electron.

Red points are hits caused from 
background processes

 Total energy deposits per 
cell for signal electrons 

and noise hits
Track Finding in CDC

• Hit selection using Gradient Boosted Decision Trees (GBDT) and 
Hough transform. 

• Classify hits using local, neighbor and charge features 
• 95% backgrounds can be rejected with keeping 99% of the signals
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Figure 13.67: This is the final output of the algorithm. Note that the local clusters of background
that were mislabelled in the neighbour-level GBDT output in Figure 13.62 have been removed.

Figure 13.68: Distribution of the output of the track level GBDT, comparing response from signal
hits to the response from background hits.

is to be expected given that it was constructed using Hough transforms over the output of the
neighbour-level GBDT. The second performance measure is the correlation matrix, which helps
describe the relationships between features. Figure 13.70b shows no strong correlations between
any of the seven neighbour-level feature and features the Inverse Hough Transform feature. This
suggests that the shape-based feature does bring new information to the classification process.

Occupancy Rates Descriptions of the occupancy rates before and after classification are pro-
vide a useful metric for evaluating the hit filtering abilities of the algorithm. The occupancy

188

Figure 13.61: A 16.3% occupancy event in the CyDet. This is a projected view from the central
plane of the detector, looking in the direction of the beamline. The red points are hits caused from
background processes, while the blue hits correspond to the signal electron. The remaining points are
the inactivate wires.

as a baseline for judging the performance of the algorithm. The second feature is the timing
of the wire hit relative to the timing of the hit in the CTH trigger system. Signal hits tend
to occur soon after these trigger hits, while background hits occur randomly with respect to
the trigger timing. The third feature is the hits radial distance from the centre. The magnetic
field and geometry is tuned so that signal tracks curve through the fiducial volume, rarely
reaching the outer layers, yet always passing through the inner ones. The background hits in
used data distribute more evenly throughout the layers, peaking slightly at the inner and outer
CDC layers. A GBDT trained only on these features is discussed in the performance section
for reference, but not implemented in the algorithm itself.
The separation power of these features are further exploited by defining features that describe
the neighbouring wires of a hit, i.e. the “neighbour-level” features. Due to the alternating
stereo angles, the features on the neighbouring wires in the same layer are more powerful than
adjacent layers. These are referred to as the left and right neighbours of a hit. Along with the
local features, the left-right timing and energy deposit features are used. This defines seven
input features for the GBDT, referred to as the neighbour-level GBDT. Its output is visualised
in Figure 13.62.

Circular Hough Transform A crucial part of correctly identifying signal-like hit lies in the
ability to check that the hit forms a track shape with other signal-like hits. To recover infor-
mation about this shape, a circular Hough transform is used. This is best illustrated with the
aide of Figure 13.63. In Figure 13.63a, the collection of blue points will be tested to see if they
are all on the red circle of radius, R, whose centre lies at the origin. To do so, the green circles
of the same radius R are drawn around each blue point, as shown in Figure 13.63b. Each green
circle represents all the possible centres for circles of radius R that contain the respective blue

182

blue: signals 
red : backgrounds

COMET Phase-I :: CDC :: Track Finder

Hit selection using  
Gradient Boosted 

Decision Trees (GBDT) 
and Hough Transform 

95% background rejection for 99% hit efficiency
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PCS 4.4T,   700 mm graphite  target

Red : 𝑝, 𝑒+, 𝜋+, 𝜇+, Magenta: 𝜇−, p > 70 MeV/c, 
Black : 𝜋−, Blue: 𝑒− , p> 100 MeV/c , Green : Stopped 𝜇

Proton Target and Muon Transport 
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17 aluminium disks with… 
100 mm radius 
200 𝛍m thickness 
50 mm distance (total: 800 mm)

Aluminium Target


