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Muon and Tau CLFV studies
from Belle Il and J-PARC experiments
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Lepton Flavor in Standard Model
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» No Right-handed neutrino : Left-right non-symmetric

» Lepton Flavor is exact symmetry and conserved

V, Initial Final

/ ' state state
W W™ v Muon # I I

\<<e— Electron # 0 (-N+1 =

Lepton # I 2-1=1

» Lepton Flavor is NOT conserved, if, for example

} Neutrino oscillation
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Right-handed neutrino exist

Massive majorana neutrino



CLFV Researches
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Muonium Oscillation
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BR(#1 = #2y) = 397 z Up,jUe,j M2, #e¢ " T'(capture)
Jj= =~ O(a)XBR(u — ey) < 107°*
= 0(10~ 55 _ 107°%) o
2 x 1026 kg j :
In SM, we need 30x more muon than the Earth. “‘3
CLFV observation= Signature of New physics in BSM
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< Muon LFV in BSM Searches
ur—e'y n—e*ee’ wN—eN Other searches
¥ Le iio
FEry o f“": T 1 » WN — e*N’
4 li, \\\\é : ﬁ/,/x\gd\" ST L e
: .i” : -L-l-;—»<~-é_-—~6—éf < q g_ q ry Qe — ee
» MEG »  Mu3e (PSI) » DeeMe (J-PARC) w— e X
» MEG Il (PSI) » COMET (j-PARC)' Muonium
» Mu2e (FNAL) Oscillation
» Mu2e-Il (FNAL)
» PRISM/PRIME
<4.2x10-13 @90% CL <|.0x10-12 @90% CL <7x10-'3 @Au, 90% CL
MEG, 2016 SINDRUM, 1988 SINDRUM-II 2006
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Dipole or Direct interactions

m ( K
Lerrv = E _figoer F*Y
uvCL
(1+ k)A2 (1+ k)
DiPOIe b ‘gf ?rodge ﬁ%‘éﬁgzlzzﬂfN‘fng elar Physics 71 (2013) 75
. Il
Interaction — interaction
—9 r g, ]
Muon conversion |
I SCR Probing O(IO4) TeV
M = | mass scale,
poey 2V uoED 2006) - =» Much higher
Tt 1o v*  energy scale than LHC
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¢ f LFV in T Lepton

i Ve N ™ = Ve W I Pros:
; E ‘ \ . !
‘\\ i /,’ %R A » Several order larger rate
\‘t:i/\/j 7y H than muon LFV
BR(SM) ~ 100 ! 0 » Many possible LFV modes
due to heavier mass
Right handed , _
SUSY e Y Majorana v h Cons:
ok i » Not easy to produce t
T m u lepton
g Bty +
V. W VN Dh : 1~10 t/sec at B-factory

(Note : 10'3~10'* p/sec at Mu2e)
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6 LFV in T Lepton
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> - Belle Il Experiment

» Collected ~420 fb-! so far, Long
shutdown in 2022-2023

» World record peak luminosity
:4.7x103* cm-2s"!

(Goal : 6x103> cm%s7!)

» “Tau factory”

o(ete™ - Y(4S)) = 1.05nb
olete” > 1t717) =0.919nb

Tau LFV decays up to 10-!9 sensitivity is

expected

EM Calorimeter:
Csl(Tl), waveform sampling

Beryllium beam pipe:

Central Drift Chamber:
He(50%):C2Hs(50%), Small cells,
long lever arm, fast electronics

—
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—
>
wn

Belle 1l Online luminosity

Readout (TRG, DAQ):

Max. 80kHz L1 trigger

~100% efficient for hadronic events
1MB (PXD) + 100kB (
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ers) per event

Exp: 7-26 - All runs

Integrated luminosity
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> Measurement limited Dirqck SCale & Epeam Scale

£ Performance : Tau mass measurement

PDG Average (2022)
1776.86 + 0.12

» Pseudo-endpoint method :
BES (1996) 1 .
— 2 1/2 :
Mmin = [M37 + 2(\/s/2 — E3) (E3z — P3p)] /2 < M; 177606 T8 8
» Less Data, 10 BELLECOT) e (414 fb7)
16f- Belle Il Preliminary 4 Data — Fit PR,
Better Sys err., &‘1 2 det=190fb'1 {7iBackground KEDR (2007) *_.._h
Better stat. err’% 12f m, = 1777.09 = 0.08 = 0.11 MeV/c® 177681 +‘?2235 203 Less data
QW|ng to o 10f BaBar (2009) — B
B d = of 1776.68 = 0.12 = 0.41
etter detector; | - i
Improved 2 4 1776.91x 0.12 X572
measurement 2f Belle Il (2023)(Preliminary) e (|90 fb"]
of endpoint 0 : . 1777.09 + 0.08 + 0.11 3
= 2% G RS B N R BRIt 2 B AR B
I e S5 0 '_'.. . Saly ......'. PO DI ......“o.'.A W SR ot v e e
>iop R A Tt L] T4 ATTS ATT6 1777 1778
17 172 174 1 76 178 18 182 184
M, [GeV/c?] M, [MeV/c?]
10 M.).Lee, Muon and Tau studies from Belle Il and J-PARC experiments Apr 20,2023



» ais an invisible (pseudo scalar) light boson in BSM
(possible similar with axion)

- Recent results: BSM boson search of t=>¢a

D
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Belle IT

» Template fit with pdfs on x, = E,/(m;/2)
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O s o7 1 1z 14 16 o 05 o7 1 1z 14 16

M, [GeV/c? M, [GeV/c?

» Using the most early data (62.8fb!),

the most stringent limit, 3 — 7 times better than ARGUS

measurement (1995, 476pb-') o > i
was achieved. Lot
(arXiv: 2212.03634)

M, [GeV/c?] M, [GeV/c?]
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> Highly suppressed in SM (~10-3%) but much higher in

Leptoquark model (~10-8 — 10-19)

» Improved efficiency (6.5%, 2xBelle) due to “Rest of Everything”
(on tag side) method + BDT
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» Statistically limited (~1/5 x Belle), but inclusive tagging successfully

14

applied.
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Vo) Prospect:
" 1->¢y at Belle

» 50 ab-! = 5x10'° 1 pairs
= UL ~ 108

» Sensitivity depends on
background level

New BG rejection method
using kinematic relation
enabled fewer BG with
increased dataset
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¢ Muon Conversion (for CLFV)

Muon Capture

Decay in orbit(DIO)

L ->e conversion

(61%(Al))

U tp—=y,t+n
» Muon decay with
nucleus

» BG hit source /
Radiative Muon

Capture (RMC) BG -

(39%(Al))

Y e Uely
» Bound muon decay

» Major BG source

rum+N—=e +N
» E(esAl) =m, —E. —Eg
= 104.97 MeV : Signal

<«
e 0.04A
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COMET for Muon Conver5|on Search

Electron Spectrometer (IT) I

Proton

Straw Chambers I

|

Mueon Transport solencid (3T)

1\
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: Productlon target + solenoid (5T)

.«s:«’e
COMET COMET
W

E(Proton) 8 GeV
P(Proton) 3.2 kW 56 kW
. N (proton) 3.2x10"? 6.8x1020
‘ Cylindrical Drift Proton Target Graphite Tungsten

Proton / , ; Chamber
Bearh L S : Muon Target Aluminum Aluminum?

Detector

solenoid (IT) | Detector Drift Straw +

chamber calorimeter

17
Sensitivity (90% CL) ~ Tx101s  FOXIY
Muohfrssport DAQ start 2025 203X -
Soledead (\3T) ~. DAQ Time (days) ~150 180 ~ 300
18 I Muon Stopping target tudles from Belle Il and J-PARC experiments Apr 20,2023
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(5 COMET Phase-a
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Graphite target

» A low beam-intensity run to study
the beamline, in March 2023

» Measurement of the proton beam
and 7 /u backward yield
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A Preliminary data plot
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Prospects

7=SEE N * CLFV is promising on finding a
Bl signature on BSM

Bl » Belle Il started CLFV analysis

3l on tau decays for BSM. Still it’s
limited by statistics, but O(10-'9)j
sensitivity is feasible.

g | » Muon CLFV experiments such ~ £
. as COMET will provide a hint |8
on BSM. COMET starts DAQ
at 2025 (Mu2e at 2026)

i » CLFV measurements of Tau
and Muon are complementary
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