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* Physics Motivation

* Recent Experimental Status (COMET)
* Related Rare Processes

 Future Prospects
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1 CLFV has clear signature of BSM w/o SM backgrounds.J
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2 CLFV could explore very high energy scale of BSM.
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Model Dependent CLFV Predictions

SUSY:Heavy RH Neutrino
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Model Dependent CLFV Predictions

SUSY:Heavy RH Neutrino
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3 Many BSM models predict sizable CLFV rates.
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® dipole (L/R) (spin independent)
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different for protons and neutrons —target dependence @
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muon decay in orbit
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nuclear muon capture
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1s state in a muonic atom w +(A,2) —e +(AZ)

Event Signature :
a single mono-energetic
electron of 105 MeV

Backgrounds:
% (1) physics backgrounds
% & (2) beam-related backgrounds
(3) cosmic rays, false tracking

muon decay in orbit CR limit

u —evv

nuclear muon capture

u +(A2) —=v,+(AZ-1)

sulfur </ x 101
titanium <4.3x 1012

copper <1.6x 108
gold </ x 1013
lead <4.6 x 10-11
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Proton beam, 8 GeV, 56kW
5x1010 stopped muons/s

eSingle event sensitivity : 1.4x10-17
¢90% CL limit : < 3.2x10-17

¢x 10000 from SINDRUM-I|

¢ [otal background: 0.32 events
eRunning time: 2/3 years (2x107sec)
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proton target
- (tungsten)
pion capture ,— /

system P8 o ///

muon target
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muon beamline

(180 curved solenoids)
\ |

Proton beam, 8 GeV, 56kW
5x1010 stopped muons/s

eSingle event sensitivity : 1.4x10-17
¢90% CL limit : < 3.2x10-17

¢x 10000 from SINDRUM-I|

¢ [otal background: 0.32 events
eRunning time: 2/3 years (2x107sec)

electron spectrometer
(180 curved solenoids)

detectors
(straw chamber+
electron calorimeter)
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Pion Capture o' NN
PN A NS, Solenoid Coils
System ¢ ‘ |0

Production Target

Radiation Shield

1011 u/s for 50 kW proton beam power
or 1018 muons In total




Pion Capture
System

1011 u/s for 50 kW proton beam power
or 1018 muons In total

The previous experiment used 1074 muons.
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Osaka University (2011 -) "L

Iron yoke

Time spectrum - Run 499, Cu target, By=0, energy spectrum |

Entries 8193

Entries 799527 Mean 206.6
- ) x2 I ndf 22281191 RMS 159
+

<
BG + A; x exp ( -
T

BG 1599 + 6.1 Characteristic MUSIC muon yle|dS

= A1 6310 + 55.5
+ A2 X exp (~ »'—)

T2

energies from Pb

p+ 2 3x108/s with 400W

Muonic Mg decay l

Ka(296.4 keV) “— . 1X'1 08/S W|th 4OOW

7553 +1392.4

4000 6000 8000 10000 12000
Time (ns)

(3 600 700
2197.03+0.04| 1635:1 | 20263:1.5 } Energy [keV]
: = < ' i : S - = 5 P R e

G e = — Fy eyl W [

*
. | F %]

=4

PSI muon yields

J+ : O(108)/s with 1.4MW
- - O(108)/s with 1.4MW

i

| 35T and graphite
proton target




GM cryocooler

MuSIC at RCNP, A
Osaka University (2011 -) T =

Time spectrum - Run 499, Cu target, By=0, energy spectrum I
Entries 8193

Entries 799527 Mean 206.6
x* I ndf 222.8/191 RMS 159

BG+A1XCXI)(—_:>+ BG 1599 + 6.1 Characteristic MUSIC mUOn Y|e|dS

A1 6310 + 55.5 :
X energies from Pb

+ Az X exp (— —) 7553 + 13924
i u+ : 3x108/s with 400W

Muonic Mg decay l

K & (296.4 keV) | “- . 1)(1 08/3 Wlth 4OOW

4000 6000 8000 10000 12000

it ‘
600 700
|

q . |

T(ns) |2197.03+0.04

=4
-

Energy [keV] .
gl Ve F L gl aw

PSI muon yields

+ - O(108)/s with 1.4MW
- O(108)/s with 1.4MW |







Muon DIO
background

Beam pulsing with measured

Beam-related
between beam

Low-mass trackers in  mprove
. electron energy
vacuum & thin target resolution

packgrounds separation of 1usec  puises
proton extinction = #protons between pulses/#protons in a pulse < 10-10
Decay in flight Curved solenoids for  eliminate
, energetic muons
background momentum selection =75 Mev/c)
Cosmic ray Cosmic ray active
background veto system
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Bunched slow extraction with every other RF bunch filled by protons.
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Aluminum muon
MainaF’rumn Pulse target ( muonic
10 p/pulse : :
x\‘ atom lifetime of
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- Prompt Background "
il 1.1us repetition.)
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Delayed time
- | window to avoid
Timing Window
/ beam background ,
Pignal like pions.
(from 700 ns to 1.1us)

Stopped Muon Decay

Time (us)

Bunched slow extraction with every other RF bunch filled by protons.
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Timing Window
/ beam background ,
Pignal like pions.
(from 700 ns to 1.1us)

Stopped Muon Decay

Proton extinction
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leakage between

Time (us)

pulses) ~ 10-10

Bunched slow extraction with every other RF bunch filled by protons.







Helical motion
about field lines

H B mEmsmEw H ® Uniform B field <:>
u BEEEESEER u * Linear field lines




H H H H H H H * Uniform B field Q Helical motion

|
AIEEEEEEDE about field lines

u BEEEESEER u * Linear field lines

- Radial gradient in Helical motion

. centre
lines

magnetic field e
- Cylindrical field % about a drifting

p S
D g ip, q_BE




Helical motion
about field lines

H B mEmsmEw H ® Uniform B field C)
u BEEEESEER u * Linear field lines

- Radial gradient in
magnetic field

+ Cylindrical field
lines

Helical motion
about a drifting
centre

D g i

p s
gB R

- Radial gradient in

magnetic field Helical motion of

. Cylindrical field selected momentum
lines Do Staying in the

- dipole field normal bending plane
to the bending
plane




Helical motion
about field lines

H .- H * Uniform B field C)

u BEEEESEER u * Linear field lines

Advantages:
¢ The second curved solenoid with opposite

¢ o
g bending is not needed.
1 /¢ The diameter of curved solenoids gets smaller.

¢ Muon beam is momentum-dispersive at the end.

- Radial gradient in
magnetic field qR 2

. Cylindrical field selected momentum
lines <:> Do Staying in the

. . 1 1
Helical motion of Beomp = o <cos 0o + )
cos b

- dipole field normal bending plane

to the bending
plane
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muon 2Xx 90° bend
beam line (same direction)
electron 180° bend

spectrometer | curved solenoids ‘




COMET Features

momentum selection capability
IS proportional to bending angle

muon 2Xx 90° bend
beam line (same direction)
electron 180° bend

spectrometer curved solenoids ‘
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momentum selection capability
IS proportional to bending angle

muon 2x 90° bend
beam line (same direction)

electron 180° bend
spectrometer curved solenoids
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Beam Collimator Muon Target Disks
Beam Blocker

DIO Blocker
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 Curved Solenoid

105 MeV/c signal electrons
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Muon Target Disks
Beam Blocker

105 MeV/c signal electrons
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Proton beam, 8 GeV, 3.2kW
2x10° stopped muons/s

eSingle event sensitivity : 2x10-1
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e PCS completed and
commissioning will
be made n 2025.



e PCS completed and
commissioning will
be made n 2025.

e MTS excitation
complete in 2023.
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Cylindrical Drift Chamber Muon Stopping Target
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Cylindrical Drift Chamber Muon Stopping Target

<angmBEE Aan apparatus to
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Cylindrical Drift Chamber Muon Stopping Target

<angmBEE Aan apparatus to

. search for y-e
conversion at
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Construction of CyDet and StrECAL

- CDC constructed at
Osaka University.

- CDC readouts
constructed at
IHEP, China.

nh EEmn mmua

ECAL 8x8 Prototype w/
test vacuum chamber @
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Beam commissioning: 0.26 kKW beam power
Proton bunch time structure was the same as
COMET Phase-I.

beam scanning slit




Beam commissioning: 0.26 kKW beam power
Proton bunch time structure was the same as
COMET Phase-I.
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Observation of the first muon
beam on February 11th, 2023




Observation of the first muon
beam on February 11th, 2023

Upcoming schedule:

The engineering run is expected
to start with a reduced beam
intensity in late 2026 (or 2027),
and gradually ramping up to its
designed intensity thereafter.
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® sensitive to even m_, ~ 0

e different muon targets
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® bound p- decay
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Phase rotation at the PRISM FFA ring with a rays
successfully demonstrated at Osaka University (2007) s
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Muon Acceleration Program (US)
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Developments of Highly intense muon sources
would have strong synergy with muon collider R&D
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modified from the muon CLFV white paper for the
2020 update of European Strategy of Particle Physics







e CLFV serves as a crucial probe to
search for BSM.
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(like COMET) together with related

physics topics are presented,
mentioning future technical
advancement (PRISM).

e |t is hoped that exploration of CLFV will

make implications in particle physics.
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