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® Introduction

® CLFV physics with DC muon beam

® CLFV physics with pulsed muon beam
® CLFV physics with tauv leptons

® CLFV physics at collider experiments

® Muon g-2/EM

® Prospects and summary
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== Charged Lepton FlavoF-=~=<
Violation ”

® cLFV rate in the Standard Model with non-zero neutrino <
mass is too small to be observed in experiments; 0(BR) < 10-90

M Vu Ve €

® No SM Physics Background
® Observation = clear evidence of NP

® Motivated by many kinds of new physics models BSM

® Origin of neutrino mass

M—eY M-€ Cconv. M—eee
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" PC Beam and Pulsed Beam

® Pulse beam for non-coincidence experiments

® G beam for coincidence experiments

o Vi e
® Decay of pions stopping on the material Pion decay in flight

surface. Muons are polarized

® Li-e conversion
® U—ey, M—eee
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- Muon cLFV experiments

1990 1995 2000 2005 2010 2015 2020 2025
H—eYy
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- COonv.
H COMET
MELC MECO J-PARC (pulse)
BNL (pulse)
7x10-13 MuZ2e
~_ SINDRUMII * FNAL(puise)
PSI(60MHz-pulse)
M—eee
1x10-12
\ ¢ Mu3e
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~Qurrent Status of Chargedf"’ﬂﬂf
I.ep’ron Flavor Vlolaflom Search

® p—ey

® MEG Br(p—ey) < 4£.2x10-12

=) MEG I

® U —eee

PSI Ring Cyclotron
590MeV, 1.4MW

® SINPRUM BR(p—eee) < 1.0x10-12

=) Mu3e

® SINPRUM Ii Rip-e: Au) < 7x1 013 AN )N
=) COMET/MuZe “ 55

8GeV, 3.2-56kW

® [1-¢ conhversion

8GeV, 8kW
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MEG II: p*—e'y search

® MEG achieved 4.2x10?@ 90%Z C.\.

Unravelling the mysteries of
matter, life and the universe.

Liquid xenon photon detector

: COBRA 2000000, (LXe)
® Background was dominated by ¢ o o QEESTLLIS /
Accidental event overlaps \ seallt

® MEG Il aims at twice better
resolutions than MEG in all
components

® Double the muon heam rate

® 7x107 mwuon stops/s Pixelated timing counter

(PTC)

® New detector to tag the radiative Muon stopping target

wuon decay event Cylindrical drift chamber

Radiative decay counter (CDCH)
® New calibration method (RDC)

Target Sensitivity : 6x10-14 in 3 years running
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Highlight of MEG Il Detector Upgrade
Background
® Based on experience in MEG | vl Dom,n;m/
® Liquid Xe PD Positron DC, Timing Counter 2 7

!Present - - lUpgrade i, B
V' |Single Volume

Low mass

Stereo-wire DC

120mm  thicknsss: 5 mm

‘hplk:nl fibsrw far

Lusnr culibration

LXe
2inch PMT —VUV SiPM

Pixelated TC
with SiPM readout
ot~35psec




©KEK ':4
 J-PRRC

Unrav (Illnqth n) ste msof

~ MEG Il Status in 202

VUV PDE cof MPPC
vs. accumulated MEG |l beam time

® All sub-detector components are ready & b -
engineering run is in progress though : N
. o= : —Qptimistic scenaric
there are some problems; Rl G
40 or 50 um (very thm') ¢
® ¢+ drift chamber: wire breaking oy TTom T E ey

problem and Corona discharge — fixed

by removing weak wires and adding
swmall amount of C02/H20

® LXe MPPC Photon Detection Efficiency e
degradation due to (probably) VUV AU detectod by OGN

effect — can berecovered fullyby . .. .
04— -l g s -
annealing | fa
® TC & ROC are both in good shape o T '
00 1 Y % 10 1 19 16 15 30
Qs — 30 A s2 e 34 1 Numbher of Hit Counters

E, (McV)



“Update of Expected MEGH—
Sensitivity

. MEG |l sensitivity vs. DAQ vear
® lf no OO"TWWOUS MPPc PVE with measured LXe detector performance
degradation below 67, & PDE degradation
® Br ¢ 56x1014(90%Z C.L.) T i
® If PDE decreases below 2% aftfer 60 EHC- o LEEs
annealing each year and:
® Br ¢ 9.7x1014 (907 C.L. N
reduced beam intensity & 120 days |
running each year o | | |

year
S. Ogawa JPS Meeting Sep. 2020
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Mu3e: p—eee Search
. a _£7¢ \“. ¢
® Another channel sensitive R ,
to cLFV with PG muon beam i %agd e
® 10x10'2(907 C.L.) by SINVRUM 7l - 7 e
® Goal:101%in 2 steps =
Signal Acc. Overlap
® Measure all electron tracks | |sp-o0 > 00
with extreme precision At=0 / e A0
® Packground source
. . o ‘MUSe Phase | .
* tata- S u — eee
‘ P —eeevy % 108 1oy eetll ‘ itl,o;;e
e Nl fat10"
® Accidental overlap a - i - ose
L% 10" at 10"
® Beawline is shared with . i o

EG. “ o A — « Combinatorial Bkg

4 | . .
\ MM y ¥ SN
A ] A SUDPIessic

.
o
w

iue to Timinag detectors
96 98 100 102 104 106 108 110
M, [MeV/c?)
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transverss view:

//'J :j/ I -
Standard spectrometer: “Half turn” spectrometer:
MS s
/ mMu tipie-scattering /
/ angle ‘r B
fope s ’ - Recur pxel layers
H -'1 | S P
\-\ '.' » e.‘.‘S | Scintillatar tiles Inner pixel layars ‘ ‘ . \ o :
\ / . [ D~n I — N7 [ AN "
\\.\ |'.' l \—.‘ r: I' SR —E . eearr' TB'J'-’Y -*‘—— I :(-:x-\,'"_r‘:vl:' “lli'.
I\ l' | ' r Iy e ‘_'; /
\ / ),
\ / e, v - ‘
\Q/ AR i‘ EEEEE R o)
v ¢ Outer pixe layers
O, Oy I O R T
b‘ T (linearised) — ~ O(O}) + strong magnetic field (B=1T)
= P . halium atmosphera
+ helium gas cooling
~ requires large lever arm ~ best precision for half turn tracks
~ large bending angle Q ~ measure recurlers
A. Schbning on Eehalf of Mu3e 17 CL=V12 Canferance

Ultra-thin silicon pixel detector 1 per mil radiation length/layer

A. Schoning, CLFV19
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used e 1ear
» Aszambly peocEdunes

* helum ccalirg

pixel size 80 x BO ym?

+ mecram-al ARty (ates)

ﬁ

Petector Preparati

Tile detector prototype
Good enough ot

—

O\
0 |
\&=/

Mu2e Vertex layer

Fiber hodoscope
prototype
Good enough ot

Target prototype

1st large-area prototype
MuPix8 is being tested
MuPix9 & MuPix10 follow
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Mu3e Status

nES5 beam line

® Moving from R&D phase
to construction phase

® Productionin 2019

® [Detector construction
in 2020

® Commissioning startin
2021
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High-intensity PC muon beam

o PSI HiMB project
® Development of high-intensity beam by modification of <
existing target (TgM) and beam lines — goal of 1010 <
surface-p*/s -
® New Target M Station (TgM) with 20mm thick graphite slab at o | 20 mmTgMm
J 5" rotated slab

® Split capture solenoid channel close fo farget

M~
d 4';: ? 7.' /( '// ':‘:‘\ -
® One side: particle physics (high-intensity) TQE/*\‘? ye / ~
4 >
: : : N it
® (Other side: materials science / % ' i
(high-intensity, high-polarization) , ﬁz o
SIS &5
® Norwmal conducting solenoids Front-end: radiation hard 1 RS
Copy of existing [E4 solenoids f ey
SR
. AR
® First (simple) beam optics shows that 0(1010) p*/s can be . - DY,
=F I S1AUF \NAC T
transported 4 AT o=
NV P PiN3.
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CLFV Physies with
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Mu-e conversion

Al27

“ S
~

N

~§

Eezmu'Bu—Nrecoil

=104.9MeV

+ Atomic capture of p-

e Decay in orbit (P10)

M-—eVeVy

o electron gets recoil energy

e (apture by nucleus

° -cﬁ < -cpfl’ee ('CpAl = 8

H+(A,Z)—=vu+(A,Z-1)

\. resultant nuclevs is different

60 nsec)

* M-e conversion

H+(AZ)—e+(AZ)
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“Electron Energy Spectrum

run2000 on gold SINDRUM Il

|
rlaEh -:-L,_ measurement

10 o, ue2v simulation
- A e simulation at B=10™"
o
X 2
o 10
o
~
2
= 10 [ | SINDRUM Il
>
T BR[u- + Au —e + AuU]
<7 x 10713
| |
70 80 90 100
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Signal and Background

1_00 ns

® si g"al 0 /// _~ Main Proton Pulse ~ -
® Electron from the muon stopping target = — PromeBacgrond
with a characteristic energy with a z N
delayed timing E Stoppediiuon Decay
E Timing Window |
® Background panel
® Decay in Orbit Electron 1 .
0 Time (us) 1
s s 1.1 us
® Kadmﬂve muon cap’rure Tiny leakage of protons ?n between consecutive
pulses can cause a background through Beam Pion
o COSWliO'I'aY Capture process:
n+(AZ) — (AZ1)" = r+(AZ1)
® Anti-protons r —>ete

Number of protons between pulses

® and others Rext=

Number of protons in a pulse
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MELC Proposal
® Pion production in magnetic field

® Pion/wmuon collection using gradient
magnetic field

® Beam transport & momentum selection with x
curved solenoid magnets .

Pion/muon collection using
gradient magnetic field

ELEMENTARY PARTICLES AND FIELDS

»

Experiment ”
, L. Curved Solenoid Beam Transport _—
Search for Lepton-Flavor-Violating Rare Muon Processes b Vertical Field
i T e
R. M. Djilkibaev" and V. M. Lobashev™ A _i: _i | :I NN _f ] _i
Institute for Nuclear Research, Russian Academy of Sciences l‘(':\ | | A \ A
o .\.:‘u"\!Iut’l"-}f-’l."l’l'n'l_l.‘.! ‘)ilf.'(.'l.'h’l)h' .‘_A.’, '-'Iv‘\. ol I’ l’.‘—-."/:." )?'I\\.‘.l | | ml / Hﬂ B
Reccived March 26, 2010; in final form, July 12, 2010 / \\/lu%q\"l{ Al 4 M M II\ / l\w./ \I\IJA'
i 0 W A
il N W _I | |
HHBEREHEHEHEREEEEE £y iy | ) B i
———  High momentum track )
——  Lowmomentumtrack L] Beam collimator

-  Momentum and charge separation

Vladimir Lobashev 1934-2011
CERN Courier Vol 51, No 8

. Same scheme used in COMET Phase-ll electron spectrometer
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* Target S.E.S. 2.6x1077

¢ 8GeV Pulsed proton beam at J-PARC

@ Insert empty buckets for necessary pulse-pulse
width

® bunched-slow extraction
* pion production target in a solenoid magnet

* Muon transport & electron momentum analysis
using C-shape solenoids

@ swaller detector hitf rate
@ need compensating vertical field

* Tracker and calorimeter to measure electrons

©® COMET decided to take a staging approach to realize
this. The collaboration is making an effort to start
physics DAQ as early as possible under this.

* Phase-186GeV-3.2kW, < 1014
* Phase-ll 86eV-56kW, < 1016




©KEK (%

~ Status of COMET Phase

matter, life and the uni
® Proton beam line & SC magnet system

® Facility

® Detectors

® Phase-l Physics Detector (CPC & TC)

—— 7 ’ s &t

® Phase-1 Beam measurement Detector (Straw =——=—-—= 2 — : TN S R I o
tracker and LYSO Ecal) A

CDC CR test at KEK

Transport

Straw tracker & SoleHOId
Ecal Prototype '

Final assembly-design
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Unra\.ﬁllmg the mystcrlcs of ‘JPHHE

® Winding of all coil components completed m M
at the end of March 2020 TS1 Thermal SRR um Ve 8mal Shield

. = I .
® Assembling (S Cold Mass and TS1 Cold : *"}\‘h%.‘\r’\_\ —
MaSS i" 2020 | - :.--_‘_‘::::-_-.(_‘P_ _______________ |
Esa) L Target Position
e T
® (ryostat constructionin 2021 = — = : |
\\ X !
@ Installation of cold masses into the i i L T W
cryostatin 2022 _—

® Contract with Mitsubishi Elec. to deliver
%ezlgon Capture Solenoid to J-PARC in
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Unravelllng the mysterlcs of PHHE

1

Pl | PN “
. ' T

N
TS1e !TS1c |TS1a M\SZ MS1
TS1f TS1d TS1b Radiation Shield

As of March 2021
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e Hes a1 st PHHE
COMET Phase-l Vefecfor
. CyDet CvDet

Supemonducting otk

. Physics measurement detector

- Muon stopping target at the center
surrounded by Cylindrical Drift
Chamber (CDC)

- Trigger hodoscope at both ends

. StrEcal

Vicuws «lados

- Planar detector for beam StrEcal
measurement (and as a prototype for
Phase-ll physics detector)

. Straw-tube tracker
. LYSO electromagnetic calorimeter

. Detector solenoid magnet is commonly

used in two configurations LYSO
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® (DC Cosmic-ray test with full PAQ electronics (Setup 6), CDC
including Slow Control and Monitors (w/0 water cooling to be
implemented at COMET site)

® Change of the resolution from the previous setup
(Setup5)

® Investigating the reason to fully understand the
detector operating condition (HV, threshold, noise)

® (TH - Cylindrical Trigger Hodoscope

Spatial Reccdition aith respess tn BEA jusad Layer 5-14)
. 1

® Lead by Monash aroup ] N T
® Two layers of scintillator and Cherenkov detectors T 5.
=

® Optimization of the support structure material Al/steel = |

T . Y

o B T T
R R TR TN e

® Photo-sensor: Fine-mesh PMTS or SiPM (MPP() CTH - Neutron level in 101" range |

° Ke|cen’r development of MPPC with higher radiation inside the detector

tolerance :

olenoid
0 {ﬂeq?sz} 3x10'" {neq/cm?}

® No effect of helivm atmosphere (filling the CUC £ .

inner volume) on MPPC -> Simplified structure helps £ o \. L

to reduce unexpected background '.l L.
® Irradiation test of MPPC P o ’ *«'°°

v '?#I}-l&‘]& .“lu"l A 4CO BRI BOO 100D

Time [re]

® MPPC with optical fiber read may be a
solution

- | =
Al
Jpoe-side ’ - b Lower dde
AT
- I =
~ |8 .
2w | B
“w S e
fact e = hat
8

Veed ‘[‘—- 2 Lied

— 5I1ZVZ- 100F

Z10-3E — T141D)110FE

S -

g104§ 1//

R

gl()'sé_,__-» {
! 0_,,3 _~New MPPC
10’7;/

.u_l_l_l_uhl_hl_kl.lul._hhhlﬂ__l_h&&lh._\

10 10° 100 100 10

Neutroaklucnce [, erf]
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Strkcal

® Design work toward integration, finalized by Sumwer 2020

® Mechanical analysis, protocol to install the detector; gas piping inside DS, feedthrough
configurations

® Both of Straw-tracker and Ecal are supported by DS eryostat

FLRILTN
y

:
| Ee—
) SE——
®E€al module gesign 7 ' ' v e N
finalized 7] RORR [ ke
’
i us | M 230 rd 310
- Mass production - )
of LYSO in L " e/

1st station of Straw-tube tracke
progress
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® CRV covers the detector solenoid with plastic-scintillation detector (high ¢4.:) and Glass Resistive Plate Chamber (6RPC, neutron blind)
® ldentify cosmic-ray muons arriving at the detector volume
® DS iron return yoke and additional shield to suppress neutrons/gammas from the muon stopping target
® Prototype construction and test at BINP (Scintillator CRV ) / IN2P3 Clermont (6RPC CRV), followed by mass-production
Pion

Capture el Scintillator CRV

olenoid

place for
electronic

Muon J

Tra nsport - Al U-channel L
S o) | eno | d 2 Galliiiz e giin Window-hole inside Al sheet to provid_e_a_access to
cables, connectors and to have possibility repair
of electronics and SiPMs, when it will be
Al sheet (1 mm thickness) to necessary
protect on both sides the open
surfaces of counters Sketch is shown in not real scale

~a

WFE board

GRPC detector moduletwo single o |
gap GRPCs with common readout GRPC Mechanical mock-t
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® Distinct but similar PAQ and trigger system CyDet Trigger| Strical Trigger
for CyDet and StrEcal (- [y —
' : Mm T —- —| 'ﬂumm”’
® CRV provides a veto signal (flag) as well ﬁ == ( :; 'I-'
as a calibration trigger @!l'g,’ S - R
o . B (= — il ': [
® Trigger logic development is in progress fo K v : ey
cope with the highest DAQ rate of 20kHz | _[CyDet DAO - StrEcal DAQ
- = .:48’——@& 2 = E:@@
® Radiation hardness test of hardware o O -0 NVl | i A
components carried out up to 149 kby B e N W =L X
S :f;:;;»é, w== |- T o R
:—4 = o P /,;j.' e [ _:'_47»\..1 -r— P~ , N [
® COMET PAQ employs standard Ethernet = e - iw sy
network with comwmercially available e = ] RS
== = — e o
components. _— — =) il a2
o MIDAS PAQ software e ———
500 " 1.03GiB/s
® Hardware installation started in the | . ‘
counting room ! 5 eco ;
o
® Data writing test and transfer test as xc
iR i 2 ‘3 ; “_’ 5

well!

MHumber of transpart
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Unravelling the mysteries of

~ COMET Proton Beam Kél?pm

° OOMTEZTKI;equires MR operation at 8GeV (instead of 306GeV for HP hall experiments
and

® Proton beam extracted from MR without destroying the bunch strueture to
generate pulsed-muon beam with a suitable pulse timing

® Proton beawm extinction factor measurement using secondary beam in 2018

® 1-2x10-10 extinction factor has already been achieved by masking K4 rear bunch

Enines  1.6570180410 107 «10" ) i f F'CC 5 -;m.'
1.6 x 10712 ppb I 3 o p f A = 255
RCS — —~— 9 10" ‘ ' l | o [P —— T
- / - \\ ;1;- . ’ | eo._ | e ~
7 ) 2 10" s 1 | ] | - 1 Semer _\svimc uidOl
h=2 i X ,‘,—/7 -y o = | - R
1 bunch . &’ N 10’ b l ' ’ 70 120
. A - ' cor
7 6.2x10M2 ppp ,O:E 1‘ ‘ i .
' Xy - ‘ ~ l ' <o}
m - 3 10 .
empty bucket ‘ MR : : l ' ‘ w
4 batch injection . h=0 . 10° |- ’ ) | ’ ‘ J f
' 4 bunches A I ‘ ""
/ 1w
, _/ CE ‘ . 20/
’ e 10 jw 1 ( |
< s E l f LU i
— el | ~ L L
BTSSP N SRR U SEPERTRR e 5 N IS | Sy e | S - | '
0 1000 2000 3000 4000 5000 6000 GJ 00 6800

Rolative Time (nsec)



© KEK b

RV

Unravelling the mysteries of

- COMET Proton Beam

® Injection kicker timing optimization

Z200ns (1%~99%) » +

Reproduced
T 7 T\ ~
- >
- / \\ S KI KI K2 K2 K3 K3 K& K4
et - , ¥ - front raar front raar  front raar front rear
[ B -
e \ I EEle T mha—— Nl VT
- |
o , (@) Normal Injection 5 100 | r , !|
o - - A s 0. -
8 06— \ (b) Single Bunch Kicking = ‘
- 5 -200 ‘
o : ' B
& 1600nseC. | - l
5 04 —— \ ~S00|-— , |
E L (gl o || = | Kicker Shift
S E  (b) - \ ~4001 600 nsec
0.2 ! i -
= : : \ \ 500 1 ol 1 1 i Il L1 21 A1 3 5 1 Il 41 1 1 5 1
. : : \ /\ Time ( usec |
o i e “Solved |
— I A | A I l ; —
0 ! _ 3 Ew- 1 Kt K2 K2 K3 K3 K4 K4
[ime |us) = - front  rear front rear  front rear  fromt  rear
P o
] B f ¥ '
flled empty  flled empty  flled amaty  Alled canpty 2 -100: | { I ( ‘
-300 J U
- Kicker Shift
=400 — .
- 750 nsec
C Il Il 1 L L1 IS T S T S 1 1 Il 1)
800 5 1 2 3 i 5
Time { usec |
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Uravling e mystries o Muze L PAAC

A System of superconducting solenoids and an intense muon beam
® A search for
Production Solenoid (PS)prOt?rannSsport Solenoid (TS) Detector Solenoid (D3) =
Charged Lepton e =
Flavor Violation: (SRR = o § T
—> — ‘
H N eN 4.6T . .
~25 meters
— Expected sensitivity of 6x10-17 < =
@ 907 CL x10,000 better than 1695 ns
SINPRUM-1[ g >
— Probes effective new physics TCE POT oul
mass scales up fo ]o4pre " 0.07 = — 0 arri?/l;;jecay time (x 1M)
— Discovery sensitivity to broad 0.06 = - arrival 400
swath of NP parameter space 00sE- W arrival time ( x 400 )
U E u decay/capture time ( x 400 )
0.04 =
0.03E
0024 Signal window
0.01F
-i|- . . 1 : e T
™% 200 400 600 800 1000 1200 1400 1600 1800

Time (ns)

«  MuZe makes use of existing infrastrueture at Fermilab

«  MvuZeuses 8 kW of protons
—  From the Booster (8 GeV) & Re-bunched in the Recyeler

—  Slow-spill from Pelivery Ring
+  Accumulator/Debuncher for Tevatron anti-protons
+ Revolution period 1699 ns

«  MuZ2e will run simultaneously with NOvA and SBN
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Delivery Ring to Mu2e Transport O
* Resonant Extraction from Delivery Ring (DR) \.:\O’Le

* Qut-of-time beam extinction by fast AC Dipoles

and collimators. . .
Diagnaostic

* Final focus protons on target Absorber

* Diagnostic absorber (DA) (KPP)
* Single turn from DR possible now with g-2
extraction Extinction
Collimator

» Resonant extraction tuning to DA begins

when g-2 is done and Electrostatic Septum 295kHz 4.4 MHz \
(ESS) is installed AC Dipcle  AC Dipole

Hzalo
Collimator

VA & Beam on target

Delivery Ring

Tail
V907 - Collimator
\\

. ~

J. Miller COMET Seminar 2021
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Installation of beamline
magnets complete

TS components being
devolved to FNAL -»
complete in Nov. 2020

PS model coil successfully
completed

Cryogenics in preparation

o | p
Delivery Ring installation Complete - *
(in operation for Mugp’n'?,-z experiment)

t' 'E..A' #, f
70570°PS Model Coil
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Unravelling the mysteries of
matter, life and the universe.

v2e Status

Fermilab news Nov. 2020

vy i{i .{do slz \4 rﬂ'h
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Unravelling the mysteries of -
m‘at?oilifogatn]:thz L:re\ivor:)o. u e e ec Ors "J PHHE
Straw-tube tracker R =
F
50.04
s Ve pAl . eFAL
Eom /P2 ©
s /& &
, S —r— ‘-’"” éo.oz /o ™,
2 .\ N f'u‘n ’ e gooa // Escape Fully
545 P.rdﬁtype Plapésass ‘y t Fermilab = p j/ Tt cente [ﬁm
< - \

=
c

00
Eectron Energy [MeV)

Csl Calorimeter

* ~1400 crystals, square cross section
 ~3 cm diameter, 20 cm (10 X;) length

. dii as track ;
same radii as tracker | « (sl erystal calorimeter

— Important for particle ID
— 7% energy resolution @ 105 MeV
— <200 ps timing resolution

o 2 disks oriented transverse to beam
line, 70 em apart

 Readout: 2 photo-sensors per crystal
(MPPCs)
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Unravelli.ng the mysteries of "JPHHE

Searches for Charged-Lepton Flavor Violation in Experiments using Intense Muon Beams

e  mue | Bllwith PIp-1
-13
(7x107) COMET Phase-| VIET Phase-I|
10

Sensitivity: 10 10"

p>e'ee

(1x m-u, Sensitivity: 10 10" or smaller

u' ey “ Pursue options for a follow-up experiment

-13
(4.2x10 : ) Sensitivity: 10 or smaller
200 207 20 205

Data Taking
- - Proposed Future Running

(Approved Experiments)

Input to Eur. Particle Physics Strategy
“Charged Lepton Flavour Violation using Intense Muon Beams at Future Facilities”
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~ Onee the signal is found..

Pu=-085

0.25 £
0.2 E
DISE
0.y g
005 2
D0 E . 1 L "

g PRRC

e MEG Il

Asymmetry A[E)

® Muon bram is polarized (P,=-0.85)

® Gamwma angular distribution

Ratio R(E)

® Mu3e

® Invariant mass distribution mile*e’) vs. mzlete’)

I‘ulttonl nergy (MeV)

MEG, EPJ 2016 76:223

1
Leit = \Z [ CLOL+Chop+Cel e + CIR eIl

LL g LL RR LR LR RL ~RL .
Cit ot + CRGER + ClROIR + P O8] +hee.

D MorQF 0.7

1o

o
i . I. hy
1» 2 ! : s s |u Yo n ‘ 3 ) )
| MeV] 1 M) J et l

thesm A .-K.Perrevoort

Kuno and Okada, PRL 77(1996)434
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Unravelling the myst

~“Onee the signal is foun

T

\
wenzo C

 Comparison of signal rates of p—ey, 1—eee, and p-e |
conversion will clarify the physics behind cLFV reactions

e Even discovery only in p-e conversion

vy & AD

o Ditferent target material contains different quark
contents

13(;
N
N
3

B{p—»el) /By

e May be possible to see the target dependence on the mu-e

conversion rate
\’{A‘f \. «S
o Discriminate the principal interaction of the mu-e Sy -
conversion?

 Vector type, Dipole type, or Scaler type?

e Possible taget lifetime
o PeeMe: C(&Si) time window
o COMET & MuZ2e: Al (& Tiin future? & Pb in far future 77) signal

net
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~ Lepton Number Violation?

e measurement

e’ measurement

MIO simulation

ue simulation

100
Eet,e- [Mev]
SINDRUM II
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=== oLFV Physics with tay-Z-

Hits in KM :

Belle Il
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=== oLFV Physies with tay->
Lep‘ro "s ® Br(t = uy) <4.2x1 08

® Br(r — ey) < b.ox1 08
Moriond 2021

|

1
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10.3 A = CLEO
v BaBar
- Belle

I llllllll
1 llllllll

. . . . LHCb
10°F * o . e e e, e e o o *Bellel

] N N T 1 T T N N N I N N UL N N N N I N U N A
T R F P e eRRARS T T e 22 vo'z'zo 2k BrVRARE Y v <<l
! PRI SR T T T S + . L +F ¥ oot "o A
() 0'=® 0’1 @'y o'2® O =00 :;.1.1?1) *rf.rf ki XY AAR R 902 0' o's R R X

90% C.L. upper limits for LFV t decays
o

The Belle Il Physics Book arXiv:1808.10567
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Collider Experiments

® (MS & ATLAS
® LFV Z decays:

® B(Z—pe) < 73-75x107, B(Z—Tp) < 1.3x10

® LEP has equivalent or slightly better upper limits
® LFV top decays:
® B(t—ll'q) < 1.86x10-?, Blt—epq) < 6.6x10-6 : b

® LFV Higgs decays:
® Bb(H—pt) < 0.25-0.287%, BlH—et) < 047-0.61 Z
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matter, ife and the universe.

Mvuon g2 & EPM

Y Y Y ¥
A:;M Ai\ 45) \éé%
Ll
W y u n Z Y "

QED electroweak LO hadronic hadronic LbL

CERN Courier
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" Final Muon g-2 Measuremeuf

® In uniform magnetic field, muon spin rotates ahead of
momentuwm due to g-2#0

® General form of spin precession vector:

BNL/FNAL approach
r=29.3 (P=3.09 GeV/c)

Counts pex 150 s

_. _.
Y a ) a =
. - - . .
o UL T S ERSRLLSULLLL B
‘)
wiL i~
o S ’
) -
: >

A -] IS e Y (R —|
e m 2 C
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® General form of spin precession vector:

e

w=——|a

m

w

P, =50% N, =5.7x10"
200 MeV < E,. <275 MeV

ool
I
—
Q
=
I
I  —
ek
|
o | X
sl
+
N | S

J-PARC approach

E=0atany r

E aumg(gxé%

Up-down asymmetry

= J-PARC Muon g2/ EPNEZ e
Measurewment

® In uniform magnetic field, muon spin rotates ahead of
momentuwm due to g-2#0

0.0619-
- P,.=50% N, =5.7x10"
0.04 200 MeV < Ee+ <275 MeV
 d,=1x10%° ecm




S KEK (% o
Unrav t”'”‘lm m Pﬂﬂf

* Muon g-2/EVM Experiments

J-PARC E34(g-2/EDM)

3 GeV proton
beam

Surface muon beam

FNAL E989 (28 MeV/c, 4x108/s)

\ Muonium Production
Surface muon ‘~~£3.‘0 K/~ 25 meV=2.3 keV/c)
O

Super Precision Storage

*’#&,

4'\\*

Resonant Laser lonization of
Muonium (1086 u+/s)

Muon g-2 (FNAL) v JDR Goal

. r
?‘l 21 e Run-1 ,,
w
8 — FN-2 /, ‘E
-— — Rune3
'g 154 Run-4 // % 40 ml
- == oS c + RFon
= ™ { RFoff
"g 10 - = simitarian
= - x 20—
5 =
s s _/ 2

(ap] ©
e 3 =i | l
C /_ - 3 '.*'f'l?;-'“.»-'f-’- o TR AL RYISEN /0t
RI\- ‘E g .\9 N \ ‘.ﬂ- .ﬂ % | | |

R P Nc AN cf‘ \33 .,c_,@@_\.\@ , e 500 1000 1500 2000
N o ; ¥ time of flight (ns)

o Run 1 data analysis result released ! “Muons accelerated in Japan”
o Run 2-% data collection completein 2019 July 2018, CERN Courler
o Run 4 data acquisition in preparation
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 FNAL g2 new result
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Sumwary

® Strong physics motivation to search for muon CLFV reactions
® Future plans of muon CLFV experiments

® MEG Il & Mu3Je

® COMET & MuZe

® Important to achieve similar sensitivities in all channels to
clarify the physics behind signal ( even in case of exclusion )

® More physics results expected in coming years



©KEK N
O J-PRARLC

Unravelling the mysteries of
matter, life and the universe. B I M E G l I

Experimental approached as a function of the beam rate

Internal
Photon conversion

FPhoton conversion
within an active target

AT VAT Y aw
D T
-

External

Calorimeter
Photon conversion
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Improved N o -
calorimeter Improevne; photon Imprgi\;:(c:iﬂ%rr\]oton Vertex decay
Increased angular & . reconstruction
reconstruction reconstruction
acceptance
— 1 “Beam Rake [aw.]
A. Papa @ HIMB Workshop 2021
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Projections

- Based on the current technology development the calorimetry is still an option for beam rate not higher than 5 108 mu/s

.‘: 10"] I | | | | I | | l | 1 ] I I 1 | 1
k= - MEG-I| detector =
— i calorimetry i
5 1012 conversion (1 layer, 0.05 X, TPC vix (opt))
c- ’ ? i _:': - 111 b} ) \
= - conversion (10 layers, 0.05 XO, TPC vitx (opt)) = Calorimetry(“MEG” approach):
K - E,: 0.8%
Jo10-1 ty =30 ps
o~ Xy ~ O(3-5) mm
7 €det - 60%
& 107
€5 Acceptance : 70%
107"

A. Papa @ HIMB Workshop 2021



