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Charged Lepton Flavor Violation

.cLFV rate in the Standard Model with non-zero neutrino mass is too

small to be observed in experiments; O(BR) < 10-54 r
-No SM Physics Background W/{;
. Observation = clear evidence of NP
M YVu Ve €

- Motivated by many kinds of new physics models BSM

- Origin of neutrino mass
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- conversion
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\T uN < T yfree (7 ,A = 860 nsec)

- Atomic capture of u-

. Decay in orbit (DIO) M- eVeVy

- electron gets recoil energy

. Capture by nucleus H+(AZ)-vu+(AZ-1)

. lL-e conversion M-+(A,Z)—e+(AZ)

resultant nucleus is different

* E eo(Al) ~ mu-Bu—Erec=104.97MeV

—B,: binding energy of the 1s muonic atom




J-PARC

Japan Proton
Accelerator Complex
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Recent Upgrade of the Accelerator

. Mainly for higher power operation in FX and SX of the main ring
. Magnet power supply, RF system, and Injection and Extraction System

. Good for COMET to improve the beam stability New septum magnet

for faster cycling
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2nd harmonic cavities
for faster cycling




Muon Beam at J-PARC

. MLF muon beam - COMET muon beam

. 1.2 |se-to-pul idth
. 25 Hz (2)-pulse operation UL sec pulse-to-pulse widt
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COMET Experiment

Precisel I b f J-PARC MR g _ Main Poton Pulse . Np btw pulses
- Precisely pulsed proton beam from J- T Yl - P

Np in a pulse

i Rext=
. Graphite (Phase-l) or Metal (Phase-ll) target for pion - Promet Background ‘

production
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. Pion/Muon collection using a strong and
gradient magnetic field, Pion Capture
Solenoid (PCS)
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COMET Staglng Approach

| Target Sensitivity <10-14 with 3.2kW beam

e Proton beam line construction completed in JFY2021
« Graphite as a pion production target

« Pion Capture Solenoid construction is in the 3rd year of multi-year
construction contract (FY2020-2022)

« Physics Detector
« CDC and trigger hodoscope in a solenoid
« Muon stopping target (Al) at the center of the solenoid
« Beam engineering run in JFY2022 and physics in JFY2023-2024

| Target Sensitivity <10-16 with 56kW beam |

« Extension of muon transport solenoid to cope with higher proton beam
power

« More efficient beam background suppression
e Much less pion contamination in longer transport
« Tungsten alloy as a pion production target
« Electron spectrometer solenoid to suppress the detector counting rate
« *‘Physics detector
« Straw-tube tracker and LYSO calorimeter

« Muon stopping target (Al + others) in a gradient magnetic field for the
purpose of signal electron collection with a magnetic mirroring

Phase-l

- Muon Transport

Proton Beam




COMET Rext Measurement

- COMET injection/acceleration/extraction scheme has been .

studied and tested many times at 8GeV. Main Bunch /—-.\. IREp
1.6x10*? ppb (.
S VA
- Rext measurement carried out using secondary beam ; 1,
‘ MR Pulsed
' - K4 K2 uise
- Confirmed Rext < 10-10 Empty Bunch ’ Proton Beam
- - ~ -8 EEE "
- Sufficiently low for Phase I. Further improvement expected Siklie Ll ~, ./
in Phase |l
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COMET Engineering Run
&
COMET Phase |



COMET Phase «a:

oS

- Pion Capture Solenoid (PCS)
Is very powerful but complicated

. Simple geometry (w/o PCS) to
measure

-----

- Proton beam profile and Rext

- Backward pion/muon
production rate at 8GeV

- Anti-proton production

an engineering run

~300W proton beam
9.2 sec acceleration
cycle

0.8 sec extraction time
with 1.17usec pulse
timing structure

PID performance test with simulated data
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Phase-a Beam Masking System

* Movable pin hole collimator composed of two

orthogonal slits
* TS transfer matrix +
« 10 free parameters, two unknowns (X’,Y’); i

* 5 meas. relative to the central beamlet setting >
6 Independent holes Horizortally Shiftsd SIt Mash Vertically Shified Slis Mask

» 20 equations for 20 unknowns
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Phase-a Detectors

wsmnee|  Transport Solenold Stalus
= N I Available to use
Muon Beam Monitor [T Under development
] Hodoscope (Backup)
,
__ Particles ”

v

|

/

Range Counter
\ g

Straw Tube Trackar

-Measurements

. Time and position by the Muon Beam Monitor and Straw Tube Tracker

- Direction by the Straw-tube Tracker.

-dE/dx, TOF, and decay time measured by the Range Counter

-For momentum and PID reconstruction Straw-tube tracker



Phase-a detector test at MLF

/ Nnsec / event

- COMET Phase-a range counter tested at MLF
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COMET Phasea In early 2023

- Primary proton beam line is ready and shield closing starts this week
. Thin graphite target w/o PCS

- Beam mask system to clarify beam transport through the curved
solenoid

- Muon Beam Monitor, Range counter and Straw Tube Tracker to do
particle ID and profile measurement

- 8 GeV acceleration and extraction test already done in 2021 along with
Rext measurement



COMET Physics/Run
Phase |



Pion Capture Solenoid

- Pion capture with 5T (max) magnetic field
- Pion production target at the center
- Graphite in Phase |

- Tangsten alloy in Phase ||

TS1 Cold Mass
(TS1 coils + Shell)

CS Cold Mas
(CS & MS coils + Shell)

- Tolerable against radiation from the target

- Aluminum stabilized SC cables
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2019

v Cold mass assembly in 2020
v Cryostat construction in 2021
v Return yoke construction in 2021

. Magnet assembly and dellvery to J-PARC in 2023




Muon Transport Solenoid

- 3T toroid field
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CyDet: COMET Phase | Physics Detector

CDC outer wall

+ CDC
+ CTH

* Muon stopping
target




CDC (Osaka, IHEP
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CTH (Monash Univ.)

Cylindrical array of plastic scintillator
* read by fibers + SiPMs

Counter preparation in Monash Univ.
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SiPM cooling mandatory. Tested in neutron irradiation test W|th success
Assembly at J-PARC will start after all counter preparation completes
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Muon stopping target (Dresden Tech Univ.)

* Target support produced in
DTU

* Material purity investigation
 Effect of impunity?

| Comparison of DIO endgaint spectra
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* Muon beam study in Phase-
| and prototype detector
system for Phase-II

o Straw-tube tracker

 1st station getting ready to
be used in Phase-a

. Electror!ics mass
production

* LYSO Calorimeter
« Assembly is starting

* Electronics mass
production

28



CRV

* Full Scale module: 16 strips on 4
layers
* 1.2mm diam. Kuraray Y11 WLS

« Hamamatsu S14160-3050HS
MPPC

 3.5mL, 830 mmW, 57 mmH
« Ca. 290kG

* 1st module produced at JINR

* Design of a wooden case for
transportation in progress

29



Proton bream monitor R&D

* |n addition to conventional beam

monitor, COMET prepares dedicated

beam monitor especially for
monitoring the beam extinction
* Diamond
» SiC, tested in T78
+ TiO,
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and Phase-| pion production target

) What is a targel imaging system
IMP .7
‘\.‘.‘- Jastitate L) Modorn Plpsic™

Itis a kind of 2D View Screzn with phosghor coating or target.
remote off-ax/s al gnment. optlcs foer coupling. Image aczulsition
& prozessing system for anticadiat on prefile and pesition monitaring

......
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Imaging system on the e
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Beam window development

* 3-D printed beam window
* Ti6AI4V (64Ti), > 1MPa achievable
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Thickness of this area is 0.35 mm- 0.4 mm.

Mises stress @ center: 565MPa |
Yield strength: 888MPa pp— 2.



arXiv:2203.00702

COMET theoretical activity

* Coefficient-space vector i
3
D
v = (—, V(p),S(p)' V(n),S(n)) g ot
'
* Misalignment angle
000:1 20 40 ] 5O 0 4
6,1 = arccos ( v Va ) g 01z |
Al = = 010 3 8]
[v||vail g voel 1|
' g 006- | ALY
- Large 08, means high Eoor Nt Ay I]
complementary to Al oo 1§j] vl
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Summary

« COMET searches for p-e conversion with
sensitivities
e <1014 in Phase |
« <1016 in Phase Il

* Engineering run ( COMET Phase a) in
preparation to start in early 2023

« COMET Cryogenics system operation
started successfully
« TS magnet cooling and excitation.

» Capture solenoid delivery and installation
after Phase a to start Phase | timely
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New branch of primary proton
transport
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COMET trigger system
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* Overall schedule is delayed due

to international travel restriction
by COVID-19

* Targeting the trigger conditioning ,@j
in Dec. 2023-Feb. 2024
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DAQ Local event-builder ]

Frontend
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Experiment area P RnERRERRE,
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Analysis and simulation

No discrimination of N s

* “Global COMET Software Week” |195MeV muons from

. electrons > CR
late Aprll event > 2

 Balancing fully-detailed COMET Phesed, 142 doys o 32 kI

With culs (Uming, trigger CRV, tracs)

simulations and simplified, faster . :zzmi @ e
simulations. =

* MC6 in preparation o | With 1+ 1D of 89%
efficiency -

* I\/Iany activities; L T |CR event ~0.5

sunt ger 0.5 MaV /'«

« Ex. CR background study 7 \ ‘ H ‘




Readiness for Phase a

Scam Tirne:

15 cocling

TS commissioning
TS warm up
Cryogenic Slack Hine
TS Magnet Fxcitation

2027

2023
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Soam Monilor Installalion
Seam Duct [1stallation

JK Mask System
Vacuuming

Close Beamline Celling
Close Installation Haztch
Installation/Test of Interlock

B v - R Y
Jel=clor (Lxp. Boorn) w)/ Crane
Deleclor (Fxp. Baom) w/o Crann

TIIZAE 12

B

1 2 3
3 1|2|3.ﬁ2|3‘a 1|2|3 3

Followed by Capture solenoid and Phase-| detector installations in JFY2023
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