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‘ntrOd UCt|On @ Introduction

Charged Lepton Flavor Violation (cLFV)
In the Standard Model (SM)

Charged lepton flavor violating (cLFV) M

processes occur through neutrino oscillation WS

Theoretical prediction :

2
3a ... m3 —m? B _
Br(py — ey) = 39 E U iUei 1’]\/_{2 Ll <107 v > > —>

Li (‘77), Petcov (‘77), Sandra (‘77), Lee (‘77)

€

Huge gap
Experimental bound : It is impossible to detect
BR(p~ — e ) <4.2x 10713 cLFV process

MEG Collaboration (2016)
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@® Introduction

Introduction

Charged Lepton Flavor Violation (cLFV)

Beyond the SM

Extra bosons — - Leptopbhilic scalar

* Extra gauge boson (ex: U(1),_;,) ?’zfﬁ
- Axion-like particle
- Dark Photon w/ dipole LFV coupling 4@_
: f s

Because of no suppression from GIM mechanism, branching
ratios of cLFV processes are not suppressed
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‘ntrOd UCt|On @ Introduction

Charged Lepton Flavor Violation (cLFV)
Beyond the SM

Extra bosons [We focus on light bosons]
O\

New physics makes cLFV processes observable
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‘ntrOd UCt|On @ Introduction

Constraints on cLFV

Ex) Leptophilic scalar model B e B B

0 - -pbley E

LD Z YeLOlr + YALPER + YELOUR | .y -ul cee

In light-mass & small-coupling region 106\

(Mmy~0.01—1 GeV & y,~1078 — 1075) ST US|

1, CLFV coupling can be as large as 10°8 | e 10, -

CLFC one 100 ~_ —

= =10y, -

2, New particles with CLFV coupling RO 051 \@1\\
are long-lived | . [GeV]
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|ntr0d UCt|On @ Introduction

Constraints on cLFV

- CLFV interactions affect results of long-lived
particle search experiments?

- Long-lived particle search experiments can
detect CLFV decays ?
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| ong-lived particle
search experiments

Kento ASAI (YITP, Kyoto U.) Search for LFV decay at LLP search experiment Workshop on uLFV and beyond @ U. Tokyo (Aug 7, 2026)



LLP Search Experiments ® L seorch oxn

Experiments in past, present, & future

Place Year Beam Shield length

© CHARM CERN 1979 p, 400GeV 480m
X y-Call Serpkhov 1989 p, 68.6GeV 64m
S E137 SLAC 1988 e, 20GeV 179m
2 NA6det/pu~ CERN 2016- ooy o/ aoonGeve -
LT_‘< SHiP CERN 2033 p, 400GeV 50m

ILC beam dump  lwate ? e”/ et 125GeV  70m
| Place Year Beam +/s Distance
= £ FASER ATLAS 2022- p, 13.6TeV 480m
L & FASER2 ATLAS HL-LHC p, 14TeV 650m
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LLP Search Experiments ® L seorch oxn

Experiments in past, present, & future

Place Year Beam Shield length

o CHARM CERN 1979 p, 400GeV 480m
X y-Cal | Serpkhov 1989 p, 68.6GeV 64m
S E137 SLAC 1988 e~, 20GeV 179m
=
D]
LT_‘< SHiP CERN 2033 p, 400GeV 50m

ILC beam dump  Iwate ? ? e”/ et 125GeV  70m

Thick-target experiment

- Target is longer than radiation length
- Long shield behind target
- Decay volume & detector behind shield
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LLP Search Experiments ® L seorch oxn

Thick target experiment

High-energy beam is dumped into dense » Batell Essig, Surujon, PRL113 (2014)
target and produces secondly particles [
High intensity ,ggo_
- Production of large number of € g
new particles g
oo, Yo
Detector is placed behind long shield = s
Low background s
- Most of background events are ;
removedbyShield o w0 w0 0 40
Distance (m)

Sensitive to small coupling region )
- New particles should be long-lived ;

to reach detector Beam  Target Dirt
Workshop on uLFV and beyond @ U. Tokyo (Aug 7, 2026)

X
—)Alﬁ > @m0

Detector
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LLP Search Experiments ® L seorch oxn

Experiments in past, present, & future

Place Year Beam Shield length
3
0
S
D NABdet/u- CERN 2016- leocevye
<
L

Thin-target experiment

- Target is shorter than radiation length
- Target = detector in some cases

Not discuss in this talk
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LLP Search Experiments

@ LLP search exp.

Thin target experiment

High-energy beam is dumped into dense P. Crivelli, 2301.09905 [hep-ex]

target iaie plUUIUbCO DC\JUIIUI:_Y }JCIIt;b:CO

Reconstruction of the Electromagnetic

H |g h |ﬂte ns Ity incoming calorimeter (active target) ,, "}

particle ID and momentum
- Production of large number of
new particles

e—, 100 GeV _i' 3

No multiple reaction and measurement of bk honoye <l
visible final state —————

Active Dump HCAL

Taaai
High sensitivity il

1
- No necessity to measure produced - 1

—
BSM particles I
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https://arxiv.org/abs/2301.09905
https://indico.cern.ch/event/1534595/contributions/6684910/attachments/3145108/5583362/NA64-Yerevan.pdf
https://indico.cern.ch/event/1534595/contributions/6684910/attachments/3145108/5583362/NA64-Yerevan.pdf

LLP Search Experiments ® 1P carch exo.

Experiments in past, present, & future

| Place Year Beam +/s Distance
E £ FASER ATLAS 2022- p, 13.6TeV 480m
L & FASER2 ATLAS HL-LHC p, 14TeV 650m

Beam-beam collision experiment

- Target is high-energy beam
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LLP Search Experiments ® 1P carch exo.

Beam-beam collision experiment

Collision with large COM energy produces FASER Japan web page
huge number of hadrons

High intensity
- Production of large number of
new particles

Large COM energy reactions
Sensitivity to heavy BSM

100m &g

VA4

480m

- Heavy BSM particles can be Takubo san’s slide
produced in comparison with S 0slmame  Sioi0STmemet oSTmegnet S
. . , ecaying to
fixed target experiments A eepai
Tracker Tracker Trgker Calorimeter
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https://faser-japan.org/faser/
http://www2.yukawa.kyoto-u.ac.jp/~ppp.ws/PPP2020/slides/Takubo.pdf

LLP Search Experiments ® L seorch oxn

LLP production process

- Meson decay - Bremsstrahlung Proton beam
oM & v,\/fX o= meson decay
M*----- \',\/\/\ ’ 7*§ ’ bremsstrahlung
X N N Drell-Yan
Lepton beam
; Pau’ annihilation * Drell-Yan process bremsstrahlung

q . e
_ \NNNYX pair-annihilation
‘>\MAX q> (meson decay)

Significant production process depends on beam
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LLP Search Experiments ® L seorch oxn

Strategy of LLP search

Thick target experiment

1, LLPs are produced and fly in forward direction

2, LLPs pass through long shied
3, LLPs decay into SM visible particles in decay volume
4. Visible particles are detected at detectors

SM ‘oack%‘ound

Leam e

New particle

beam dump

(fixed target) shield decay volume detector
Workshop on uLFV and beyond @ U. Tokyo (Aug 7, 2026)
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LLP Search Experiments ® L seorch oxn

Strategy of LLP search

Beam-beam collision experiment (FASER)

1, LLPs are produced and fly in forward direction

2, LLPs pass through long shied
3, LLPs decay into SM visible particles in decay volume
4. Visible particles are detected at detectors

Scinti. 0.5T magnet Scinti. 0.5T magnet 0.5T magnet Scinti.
Decaying to
I ete Rair
Tracker Tracker Tracker Calorimeter

Workshop on uLFV and beyond @ U. Tokyo (Aug 7, 2026)
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LLP Search Experiments ® L seorch oxn

Strategy of LLP search

Thin target experiment

1, LLPs are produced and take away energy & momentum

2, Energies & momenta of SM visible final-state particles
are measured

3, LLPs are detected as missing energy & momentum

beam o

beam dump
(fixed target) detector

- —p

New particle
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LLP Search Experiments

@ LLP search exp.

LLP production

target <y packe' oun®
beam

Deam e _
New particIeX
Neld decay volume
| agrangian Bremsstrahlung po
Coupling with e & u production e

LD gXe,u,Xpéfpr

Possibly LFV interactions contribute to bremsstrahlung production
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LLP Search Experiments ® L seorch oxn

LLP detection

target  \y packero™ decay volume
beam ——
New partTcIeS(
shield / \
Lagrangian Detection
_ _ 9Xey e
Coupling with e & u W“< n
LD gxenXpey' A . 8 .
Decay into u*e™ pair Detection

LFV decay can be searched by LLP search experiment
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LLP Search Experiments

LLP production & detection €QQsaRIIlIL:

target <y packeroU™
beam

@ LLP search exp.

New particIeX

Nekj

decay volume

Lagrangian Meson decay Detection
Coupling with ff & eu A _
. .- e
L Oyt FaP P T M= ™ R a———_<
D= Zf:cfff'y Vo f + Cen®Y Y51+ Ch Iy 5e “a Cep lff

LFV decay can be searched by LLP search experiment

Workshop on uLFV and beyond @ U. Tokyo (Aug 7, 2026)

Kento ASAI (YITP, Kyoto U.)

Search for LFV decay at LLP search experiment



LLP Search Experiments ® L seorch oxn

Number of signal events

e - AI é _
Q= X ——=. g
Electron €
Beam Target Dirt Detector

(# of events) = (# of produced Z’) X (Acceptance) x (Branching ratio)

Navo XO Eo—my Eyp Tsn
= Ne—% Z/mX dEX/ dEe/O dt

b=e,p Ex+my

1 do—brems
E. dzx

X Ie (EOJ Ee: t)

Ex

e~ Lan/Lx (1 — e_Lde"/LX)} Br(X — eu)
Ir— Ee

Coupling to SM _’ — # of production J Acceptance (Iifetime)-l

o
1079
|
10
107

# of signals is defined by competition of two effects
(belt-shaped sensitivity region)



e
| FV search

@ e~ beam dump
experiment

“Electron beam dump constraints on light bosons with lepton flavor violating
coupling”, T. Araki K. Asai, and T. Shimomura, JHEP 11 (2021) 082
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https://doi.org/10.1007/JHEP09(2021)183

LFV search @ e~-BD Exp.

@® @ e BD exp.
E137 experiment

Experiment parameters " Datell Essig Surujon, PRLILS (2014)
Beam : 20 GeV e~ beam E%

~ 2 x 10%Y EOT g
Target : Aluminum beam dump ésomget ———"
Shielding : 179m ground (hill) )
Decay volume : 204m open air e ey
Detector : EM calorimeter + MWPC e B —
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LFV search @ e=-BD Exp.

] @® @ e BD exp.
E137 experiment QUUNERRIsl:

Unfortunately, E137 experiment can
detect only electron

We have explored constraints on LFV couplings
of new particles by E137 experiment
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Result

_ _ @® @ e BD exp.
Production through LFV coupling
For By =FE. (x=1), Production cross section
Aohrems @ yee 1 T
. {0y X 53
\/ dO‘%FV Oézy?au 6’r2nau><;E62
Sl T " Tar X Topd

¢ production through LFV
coupling is negligible
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LFV search @ e~-BD Exp.

@® @ e BD exp.
Result

Scalar-type int.

Lcalar = Z yfzﬁbgR + yéﬂﬁcb,uR + yLeu_LgbeR + h.c.

b=e,u,T

Kento ASAI (YITP, Kyoto U.)

O Larger LFV/LFC ratio

Larger u*e~ coupling

Shorter decay length for mg > me +m,y,

& smaller BR(¢ — eTe™)

Sensitivity region is covered with

constraints from (t — €¢

W
>

Search for LFV decay at LLP search experiment

//

10°8 -7
= N7 o
t \ 7~ ]
= /,// |
L 6@/// _
| 7

‘/

1076 PR
- . B
= 2 -]
[ il /' ]
[ . /‘ -
| H - —

rd
-7 '

107 ' E
I W, 0 _]
| S N it 1 |
— T e 5 N

BT L .. - 100
— ..-"-- EI

10 8? --"'--g' i

i oLl Lol .
0.01 0.1 1

me [GGV]
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LFV search @ e~-BD Exp.

@® @ e BD exp.

Scalar-type int.

b=e,u,T

Lcalar = Z yfzﬁbgR + yéﬂﬁcb,uR + yLeu_LgbeR + h.c.

It E137 experiment can detect muon,

signal : ¢ — ee

e~ beam dump with muon detector can

¢ — ee, [, ep

search unexplored LFV coupling and

perhaps detect LFV decay

wLi T T T 11 \,
P g =
-5 | |

10 = : ,’\q* // =
— : /’\0/// ]
| - _
N e® - ]
— / —

1076 i P B
- ~ —
— B ~ 7

-~
— ! B
| 2L - |
) - a .
;5 P ;

1 _TT il 1 : |
= I :
N N o

1078 -.-.---'""'--E “ _____ 1 =
= TRV A 5 =
- 7 100 4
| :, L - _

L

| A
102 | |H|||\5\“"'\ [ H’
0.01 0.1 1

Kento ASAI (YITP, Kyoto U.)

Search for LFV decay at LLP search experiment

Workshop on uLFV and beyond @ U. Tokyo (Aug 7, 2026)



| FV search
@ FASER?Z

“Search for lepton flavor violating decay at FASER”,
T. Araki K. Asai, H. Otono, T. Shimomura, and Y. Takubo, JHEP 01 (2023) 145
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https://doi.org/10.1007/JHEP01(2023)145

LFV search @ BBC Exp.

FASERZ detector ® @ FASER?

- Upgraded detector of FASER

- Detector is placed at 6b0m downstream from ATLAS
interaction point

- Data taking will start at the beginning of Runb in 2036

FORMOSA

From 2510.26260 [hep-ex]

HAFT, | \cAvern 4
10 : 9, ( g
. (o S 5
an view - Site H \ : W)
: 5 ) =
\ I B 7 . ¢
? e
\ | 1 A~ ) ~
\ : - : > J
\ "T‘ 1 y 7 ? SN '
\ AN 7 $
\ : N ez . =
\ ;,,i ~ " -—— l'l, s . opef
\ > o~ 2 = N v a/ (e
\ - o’ 7
\ S -z NEW
= e
\ N 3 7 L UNDERGROUND
R ? f :
s . — o e 0= ‘
\ - _aant L | A - q ; SURFACE
o [ g — ¢
5 : A8 .. — BORDER §
- = "y ok iy
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https://arxiv.org/abs/2510.26260
https://arxiv.org/abs/2510.26260
https://arxiv.org/abs/2510.26260

LFV search @ BBC Exp.

Detector design of FASER? ® @ FASER?

- Decay volume : 2.6 x 1.0 x 10 m3 rectangular parallelepiped
- Magnet : 2 Tm integrated magnetic field

- Upstream & downstream trackers, EM/hadronic calorimeter,
and muon detector

From 2510.26260 [hep-ex]

Upstream Downstream EM/ Hadronic Muon

Veto system Decay volume tracker tracker Calorimeter Iron Detector

I
| ——) I
i

L1 | | .
] =

| //
I 77
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https://arxiv.org/abs/2510.26260
https://arxiv.org/abs/2510.26260
https://arxiv.org/abs/2510.26260

LFV search @ BBC Exp.

Result ® @ FASER?

Pse u d Osca |a r_tvpe I nt' Epseudoscalar — % {Cff Z f_,.),p,}%f + Ceuéf}/pﬁ)/f)” + C:,ulu'f}/pf}%e}
f

102 —r—
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1077 e
108 Sl
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S

107
— ey107°
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10
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107 IAZ107 ——— S
cep N=10° —— Sl 3l
Lo T

cllAN=1*100 ----
cIAN=1*107 ——=
Cil/IN=2*100 ——f

Excluded
: by E137

cﬁMM\[[]GeV'1]

- 12 95% C.L. sensitivity
—§I‘§ contour @ FASER?
a

Cep IAT[GeV]
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o
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109
10'10 ||.|;|I' \ L] . ) ... 10-10 . i
107" 109 107" 100
m. [[GeV] ma[GeV] @ U. Tokyo (Aug 7, 2026)




O Long-lived particle search experiments have sensitivity to
light new physics interacting very weakly

O In such small coupling regions, lisht BSM particle is long-lived
and can escape from current LFV constraints

(O We considered several benchmark LFV interactions and studied
sensitivity to LFV interaction (X — eu decay) by LLP search
experiment

Thank you for your attention !
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