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“#  COMET Measurement Strategy
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. € Decay In Orbit
|- b Pulsed beam
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: : Material target | Atomic number (Z) | Muonium lifetime (ns
Muonic Atom Choice : Al ' targ (2) (ns)
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V Cirigliano, R Kitano, Y Okada, P Tuzon, Lead 82 74
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: Delayed DAQ gate (700ns-1,17us)
good momentum resolution @ 105 MeV/c
Narrow proton pulses
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ECAL | LYSO calorimeter

o

- Demonstrate the basic concept

« Characterise the muon beam

» Measure the backgrounds

Straw Tube Tracker

Beam

 Make a first physics measurement in a
detectors PRy

cheaper configuration

Ve .:: : v only half of the Muon Transport Solenoid
= g_i_»_i':_‘::;_f::;»; 7 Widiiyr 7 | v no signal transport

v lower intensity proton beam (1/10)

v graphite target instead of tungsten

AN S sty v a dedicated Physics Detector

Physics detector
"V
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. S\»Iowly-extracted pulsed 8 GeV proton beam at 260 W (~1/10 of Phase-1) | -

g

» Thin graphite pion-production target \
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 Proton beam diagnostic detectors (time, intensity & xy distribution)

Y

« Secondary particle detectors = muon range distribution

— Horizontal !
- o(tgt)=2.14mm

Beam

direction

g
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- Vertical
, o(tgt)=3.88mm

Muon Transport Solenoid

Bea
Concrete wall M area

Measured beam size
D Experimenty
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» Thin graphite pion-production target
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Needs to stand hard conditions in Phase I: PR e M

e Heat deposition: ~2mW/kg = ~ 26kGy / 150 days
e Neutron flux: 3 X 1013 n/m?/s = 4 x 10°*n/m? / 150 days

» Thick stainless shielding ( ~ 40 cm) protects coil
Stainless steel shield

% m ..'»:- .j
' ~ Muon Trans

Y . ; ;',
e ; Solenoid ;
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Installed and connected with MTS in Dec. 2024

- Coil resistance & voltage withstand up to 500 V
- Leak tests of LHe- & water-cooling pipes successtul
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DS dellvered at KEK NCH on Sep 26 .
- ‘a i ! «

- -

B magnet Mar 2022 ‘ | * DS magnet tested successfully in 2024 in North Counter Hall in

Tsukuba
e Currently is being installed in the COMET Hall

BS magnet is at NU1 in J-PARC, stand-alone commissioning * The tield measurement will tollow shortly
has been completed
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« 17 aluminium discs
* 10 cm radius, 200 um thickness, and 50 mm spacing.

- Stability and performance tests of various aluminium alloys concluded.

17 Al disks
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cylindrical Drift chamber LPC~

Je—

A. Sato et al., NIM A, 1069 (2024), 169926

Y 20 concentric sense layers ( ~5000 gold plated sense
wires)
- mechanical design based on Belle || CDC

- all stereo layers + 70 mrad (alternate)

T \r'u? E‘U::!!
B Blihem

5 53

 Helium based gas (He:iC4H10=90:10) to minimise

A

\ VGRS
L VL
il )

multiple scattering

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

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

Event Number: 1255 (signal: 135 hits, noise: 2440 hits, iteration: 3, threshod: 1, hspThreshold: 0.01)

| Basic performance test using CRs has been completed
Studies of the track 400 g
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COMET Phase-1 :: Cylindrical Drift Chamber and CTH

Electron
105 MeV/c

e -

*== Stopping

' e- '\, Target (Al)

Iron yoke

(t=5mm)

Scintillator
(t=10 mm) /
L Scintillator

. .. Four channel amplitude sum
rigger : 4-fold coincidences i

2 F “ ! 2
- : = 450 , o
0 measurement for tracking §  E~90% signal >90% BG rejection
[ ] ] [ 400?
Muon / electron discrimination ol
. 300[- /e separation
2 wheels of 2x64 plastic scintillators - # P
> 40 p.e. for a detection efficiency > 99% amal
MPPCs operated < -36°C (radiation damage). F |
100 "
Front-end electronics is being produced 501 ,
Mass production will start soon e R e s

Y. Fuijii, et al., NIMA, 1067 (2024), 169665 Peak amplitude [mV]
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£ Mitigating the Atwospheric Background
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Non analog simulation using
Importance Sampling and
Backward Monte Carlo

Scintillators

RPCs

d Source Count in
- 20 p—e conversion 1.000
10° - - 1 u decay-in-orbit 0.003
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COMET Phase-l, 142 days at 3.2 kW
With cuts (timing, trigger, CRV, track)

1~ rejection rate = 0%
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CRYV efficiency = 99.99%

B(p= —e)=44x 107"
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2025 2026 2027
4 5 6|7 8 910111211 2 3|4 5 67 8 9|1011 121 2 314 5 6|7 8 9|10 11 12
DSBS installation / commissioning Commissioning
Refrigerator Overhaul / Compressor Test
DSBS+MTS commissioning / field measurement ) '¢
CyDet off-site test (CDC & Cradle)
beam window, CyDet installation CDC CTH Y| CyDet dry run ready
CyDet trigger test / cosmic-ray test CyDet DAQ
CRV (RPC & Scintillator) % CRV ready for CyDet dry run
PCS power supply installation
PCS yoke, TRT installation
Refrigerator Overhaul / Oil separator Preparation Installation, test
PCS cooldown / commissioning
Magnet full integration test / field measurement % Magnet ready
Radiation Safety Approval .proposal submission
! When CS field measurement is completed
16 15 -14|-13 <12 a1f-10 -9 -8 -7 -7 -6/ -5 -4 -3|-2 -1 0|1 2 3!/4 5 6|7 8 9
Beam Dump Reconstruction
CS inner Shiled Construction & assembly Installation
Pion Production Target Construction Installation
Equipment in Beam Room Construction Ducts Construction Installation
Ceiling Shield / Air tightness Installation
Beam Operation
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OME'/II' conclusion LPC/
/e

 COMET Phase-l will search for neutrinoless muon to electron conversion with a target sensitivity a

factor of 100 better than the current limit.

* The experiment is expected to start with low intensity (~10% power) runs in 2027 for commissioning

the detector and the muon beam line before reaching the nominal beam intensity.

- In addition to the physics measurement, COMET Phase-I will fully characterise the muon beam and

the backgrounds with prototypes of COMET Phase-Ill detectors.

» A sensitivity of O(10-17) is expected to be reachable by COMET Phase-Il thanks to improved muon

beam intensity and backgrounds and systematics under control.
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