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・ そのような領域ではCLFV相互作⽤がCLFC相互作⽤と同程度の
⼤きさでも既存のCLFVの制限を回避しており，FASERで新粒⼦
のCLFV崩壊が⾒えるかもしれない (CLFV相互作⽤の探索)

これまでのCLFV探索(荷電レプトンの崩壊, 加速器 …)
CLFV相互作⽤の⼤きな領域から徐々に⼩さな領域へ

FASER & 他の⻑寿命粒⼦探索実験
CLFV相互作⽤の⼩さな領域をいきなり探索

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)

・ FASERは，標準模型粒⼦との相互作⽤がとても⼩さな軽い領域
に感度がある

新物理が隠れている可能性がある



Introduction
- FASER -
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Introduction - FASER
● Introduction
ー FASER

FASER
FASER (ForwArd Search ExpeRiment at the LHC)
・Experiment to search for new light particles (dark photon, 

dark Higgs, ALP, sterile neutrino…), started from April    
2022

・Detector is placed at 480m from ATLAS collision point
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FASER
Advantage

1 ) 𝑝𝑝-reaction cross section @ LHC is 
very large in the direction of beam axis

Large production number of 
BSM particles

2 ) 480m from ATLAS
→ Long decay width

FASER can search small 
interaction region

Introduction - FASER

Inelastic scattering cross section 
of pp collision @ 13TeV LHC

TOTEM Collaboration, EPJC 79 (2019) 10, 861

● Introduction
ー FASER

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)

https://arxiv.org/abs/1812.08283
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FASER
Advantage

3 ) FASER is placed in far-forward 
region 

FASER can search light BSM 
particles

cf. ) LHC
New physics searches @ LHC focus on 
high 𝑝!

LHC can search heavy BSM particles

Introduction - FASER

Inelastic scattering cross section 
of pp collision @ 13TeV LHC

TOTEM Collaboration, EPJC 79 (2019) 10, 861

● Introduction
ー FASER

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)

https://arxiv.org/abs/1812.08283
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FASER location
FASER detector is situated along the beam collision axis line 
of sight

Between ATLAS IP and 
FASER detector, there are 
LHC materials and natural 
rock

They eliminate most 
potential backgrounds

From 1901.04468 [hep-ex]

Introduction - FASER
● Introduction
ー FASER

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)

https://arxiv.org/abs/1901.04468
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FASER detector

Long-lived 
particles from IP

Detector setup From 1901.04468 [hep-ex]

Introduction - FASER

FASER

FASER2

150 %b"#
@ LHC Run3

3 ab"#
@ HL-LHC

● Introduction
ー FASER

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)

https://arxiv.org/abs/1901.04468
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FASER detector
Detector setup

From Takubo sanʼs slide

Scintillator veto 

1.5m decay volume

Tracker : Measurement of two oppositely 
charged particle and their momenta

Calorimeter : measurement of energies of 
daughter particles

Introduction - FASER
● Introduction
ー FASER

Spectrometer : separating daughter   
particles by magnets

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)
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FASER detector
Benchmark signal (dark photon)

From Takubo sanʼs slide

1, No signal in veto scintillator

Introduction - FASER
● Introduction
ー FASER

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)



11/37

FASER detector

From Takubo sanʼs slide

1, No signal in veto scintillator
2, Decay into 𝑒$ and 𝑒"

Benchmark signal (dark photon)

Introduction - FASER
● Introduction
ー FASER

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)
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FASER detector

From Takubo sanʼs slide

1, No signal in veto scintillator
2, Decay into 𝑒$ and 𝑒"
3, Detection of two high energy charged tracks 

that emanate from a common vertex

Benchmark signal (dark photon)

Introduction - FASER
● Introduction
ー FASER

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)
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FASER detector

From Takubo sanʼs slide

1, No signal in veto scintillator
2, Decay into 𝑒$ and 𝑒"
3, Detection of two high energy charged tracks 

that emanate from a common vertex
4, Measurement of large EM energy in calorimeter

Benchmark signal (dark photon)

Introduction - FASER
● Introduction
ー FASER

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)
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FASER detector

From Takubo sanʼs slide

1, No signal in veto scintillator
2, Decay into 𝜇$ and 𝜇"
3, Detection of two high energy charged tracks 

that emanate from a common vertex
4, Muons pass through calorimeter as minimum ionizing particles (MIP)

Benchmark signal (dark photon)

Introduction - FASER
● Introduction
ー FASER

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)
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Introduction
- Charged Lepton Flavor Violation-

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)



Charged Lepton Flavor Violation (cLFV)

Charged lepton flavor violating (CLFV) 
processes occur through neutrino oscillation

In the Standard Model (SM)

Theoretical prediction  :

Experimental bound  : It is impossible to detect 
CLFV process 

Li (ʻ77), Petcov (ʻ77), Sandra (ʻ77), Lee (ʻ77)

MEG Collaboration (2016)

Huge gap
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● Introduction

ー Charged LFVIntroduction ‒ CLFV

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)
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Charged Lepton Flavor Violation (CLFV)
Beyond the SM

Extra bosons ・Leptophilic scalar
・Extra gauge boson (ex: U(1)%!"%")

・Dark Photon w/ dipole LFV coupling
・Axion-like particle

…

Because of no suppression from GIM mechanism, branching 
ratios of CLFV processes are enhanced 

● Introduction

ー Charged LFVIntroduction ‒ CLFV



Charged Lepton Flavor Violation (CLFV)
Beyond the SM

Charged lepton flavor violation process is 
a smoking gun signal of new physics

Extra bosons

New physics makes CLFV processes observable

We focus on light bosons
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● Introduction

ー Charged LFVIntroduction ‒ CLFV

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)



Constraints on CLFV
Ex) Leptophilic scalar model

In light-mass & small-coupling region 
(𝑚!~0.01 − 1 GeV & 𝑦"~10#$ − 10#%)

2,  New particles with CLFV coupling 
are long-lived 

1,  CLFV coupling can be as large as 
CLFC one

μ → e γ

μ → e e e

μ → e ϕ

0.01 10.110-10

10-9

10-8

10-7

10-6

10-5

10-4

10-3

mϕ [GeV]

y

τϕc = 10-2m

τϕc = 1 m
τϕc = 100 m
τϕc = 104m
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● Introduction

ー Charged LFVIntroduction ‒ CLFV

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)



Constraints on cLFV

FASER search experiments can 
detect CLFV decays ?
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● Introduction

ー Charged LFVIntroduction ‒ CLFV

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)
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Calculation

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)



Benchmark Interactions
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Calculation

○ Scalar interaction

○ Pseudoscalar interaction
Scalars are produced by meson rare decays

Pseudoscalars are produced by meson rare decays

● Calculation

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)
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○ Vector-type interaction

○ Dipole-type interaction

Gauge bosons are produced by meson -> scalar decays

Gauge bosons are produced by meson -> scalar decays

Benchmark Interactions
● Calculation

Calculation

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)

Detail in
“Dark photon from light scalar decays at FASER”, 
T.Araki, KA, H.Otono, T.Shimomura, Y.Takubo, 
JHEP 03 (2021) 072, 2008.12765 [hep-ph]

https://doi.org/10.1007/JHEP03(2021)072
https://arxiv.org/abs/2008.12765


Scalar production
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Light scalar boson 𝜙 is mainly produced 
by rare decays of B mesons FASER collaboration, PRD 99 (2019) 9, 095011

J. L. Feng, I. Galon, F. Kling, S. Trojanowski, 
PRD 97 (2018) 5, 055034 ;

● Calculation
Calculation

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)

https://arxiv.org/abs/1811.12522
https://arxiv.org/abs/1710.09387


Gauge boson production
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Origin of BSM gauge boson mass
Spontaneous symmetry breaking by VEV of U(1)!-
charged scalar

Interaction between U(1)!-charged scalar and gauge boson

SSB

𝐴′ mass term 𝜙𝐴′𝐴′ coupling
𝜙𝑍"𝑍′ coupling

● Calculation
Calculation

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)
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We assume that U(1)!-charged scalar is much heavier than 
dark photon

𝜙 decay into 𝐴′ pair

Almost all 𝜙 decay into dark photon enhancement 
factor ≫ 1

Interaction between U(1)&-charged scalar and dark photon

Gauge boson production
● Calculation

Calculation

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)
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Signal of CLFV decay
Benchmark signal

1, No signal in veto scintillator
2, Decay into 𝑒$ and 𝜇"
3, Detection of two high energy charged tracks 

that emanate from a common vertex
4, Electron leaves EM energy in calorimeter, and on the other hand muon passes 

through calorimeter as minimum ionizing particles (MIP)

● Calculation
Calculation

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)



Number of events
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Number of LFV decays in FASER detector

Assumption & Setup
・Calculated for FASER2 case
・Background free 

● Calculation
Calculation

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)

Detail in
“Dark photon from light scalar decays at FASER”, 
T.Araki, KA, H.Otono, T.Shimomura, Y.Takubo, 
JHEP 03 (2021) 072, 2008.12765 [hep-ph]

https://doi.org/10.1007/JHEP03(2021)072
https://arxiv.org/abs/2008.12765
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Result

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)
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Other 
experiments

Constraint on LFV coupling
Result

95% C.L. sensitivity 
contour @ FASER2

Excluded 
by E137

● Result

Detail in
“Electron beam dump constraints on light boson 
with lepton flavor violating couplings”, 
T.Araki, KA, T.Shimomura, JHEP 11 (2021) 082, 
2107.07487 [hep-ph]

Scalar-type int.

https://doi.org/10.1007/JHEP11(2021)082
https://arxiv.org/abs/2107.07487
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Constraint on LFV coupling
Result

● Result

95% C.L. sensitivity 
contour @ FASER2

Excluded 
by E137

Detail in
“Electron beam dump constraints on light boson 
with lepton flavor violating couplings”, 
T.Araki, KA, T.Shimomura, JHEP 11 (2021) 082, 
2107.07487 [hep-ph]

Pseudoscalar-type int.

https://doi.org/10.1007/JHEP11(2021)082
https://arxiv.org/abs/2107.07487
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Constraint on LFV coupling
Result

● Result

95% C.L. sensitivity 
contour @ FASER2

Excluded 
by E137

Detail in
“Electron beam dump constraints on light boson 
with lepton flavor violating couplings”, 
T.Araki, KA, T.Shimomura, JHEP 11 (2021) 082, 
2107.07487 [hep-ph]

Vector-type int.

https://doi.org/10.1007/JHEP11(2021)082
https://arxiv.org/abs/2107.07487


33/37Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)

Constraint on LFV coupling
Result

● Result

95% C.L. sensitivity 
contour @ FASER2

Excluded 
by E137

Detail in
“Electron beam dump constraints on light boson 
with lepton flavor violating couplings”, 
T.Araki, KA, T.Shimomura, JHEP 11 (2021) 082, 
2107.07487 [hep-ph]

Vector-type int.

https://doi.org/10.1007/JHEP11(2021)082
https://arxiv.org/abs/2107.07487
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Constraint on LFV coupling
Result

● Result

95% C.L. sensitivity 
contour @ FASER2

Excluded 
by E137

Detail in
“Electron beam dump constraints on light boson 
with lepton flavor violating couplings”, 
T.Araki, KA, T.Shimomura, JHEP 11 (2021) 082, 
2107.07487 [hep-ph]

Dipole-type int.

https://doi.org/10.1007/JHEP11(2021)082
https://arxiv.org/abs/2107.07487
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Constraint on LFV coupling
Result

● Result

95% C.L. sensitivity 
contour @ FASER2

Excluded 
by E137

Detail in
“Electron beam dump constraints on light boson 
with lepton flavor violating couplings”, 
T.Araki, KA, T.Shimomura, JHEP 11 (2021) 082, 
2107.07487 [hep-ph]

Dipole-type int.

https://doi.org/10.1007/JHEP11(2021)082
https://arxiv.org/abs/2107.07487
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Constraint on LFV coupling
Result

● Result

FASER has a potential to find cLFV decay



Summary
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・ そのような領域ではCLFV相互作⽤がCLFC相互作⽤と同程度の
⼤きさでも既存のCLFVの制限を回避しており，FASERで新粒⼦
のCLFV崩壊が⾒えるかもしれない (CLFV相互作⽤の探索)

これまでのCLFV探索(荷電レプトンの崩壊, 加速器 …)
CLFV相互作⽤の⼤きな領域から徐々に⼩さな領域へ

FASER & 他の⻑寿命粒⼦探索実験
CLFV相互作⽤の⼩さな領域をいきなり探索

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)

・ FASERは，標準模型粒⼦との相互作⽤がとても⼩さな軽い領域
に感度がある

新物理が隠れている可能性がある
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FASERのこれまでとこれから

From Takubo sanʼs slide

Schedule of FASER

39/72

Introduction - FASER

● Appendix

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)
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Background @ FASER

Almost all potential backgrounds are eliminated by rock and LHC materials
Main background
・ EM/HD shower from muon bremsstrahlung : 8×10! events @ LHC Run3
・ CC/NC neutrino events : A few (~100 GeV) events @ LHC Run3

Can be eliminated by charged particle veto with efficiency of 99.99%

Introduction - FASER

● Appendix

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)



41/72

Spectrometer
Ex ) 𝑒'𝑒# pair from decay of 100 MeV dark 
photon are separated by 0.5T magnet 

threshold : 300μm

Can identify two tracks

From 1811.10243 [hep-ex]

Introduction - FASER

● Appendix

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)

https://arxiv.org/abs/1811.10243
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Spectrometer
Momentum resolution
The lower energy 𝑒'𝑒# have, 
the better momentum resolution is.

Introduction - FASER

From 1811.10243 [hep-ex]
● Appendix

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)

https://arxiv.org/abs/1811.10243


Dark Photon Model
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Extension of the Standard Model by a dark U(1) gauge 
symmetry

Mixing between SM photon and dark photon appears through 
gauge kinetic mixing

Introduction ‒ FASER

● Appendix

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)



Dark Photon Model
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Production @ ATLAS
𝜋# and 𝜂 are produced 

at ATLAS collision point

Dark photons are produced 
by rare decays of 𝜋# and 𝜂

FASER collaboration, PRD 99 (2019) 9, 095011

Introduction ‒ FASER

● Appendix

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)

https://arxiv.org/abs/1811.12522


Decay length
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Decay length

Dark photon decays into SM 
particles through 𝛾 − 𝐴′ mixing

FASER collaboration, PRD 99 (2019) 9, 095011

for

Introduction ‒ FASER

● Appendix

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)

https://arxiv.org/abs/1811.12522
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FASERのこれまでとこれからExpected sensitivity (Dark photon) ● Appendix

Introduction ‒ FASER

FASER collaboration, 
PRD 99 (2019) 9, 095011

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)

https://arxiv.org/abs/1811.12522
https://arxiv.org/abs/1811.12522
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FASERのこれまでとこれからExpected sensitivity (U(1)(#) gauge boson)

FASER collaboration, 
PRD 99 (2019) 9, 095011

● Appendix

Introduction ‒ FASER

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)

https://arxiv.org/abs/1811.12522
https://arxiv.org/abs/1811.12522
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FASERのこれまでとこれからExpected sensitivity (Dark Higgs boson)

FASER collaboration, 
PRD 99 (2019) 9, 095011

● Appendix

Introduction ‒ FASER

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)

https://arxiv.org/abs/1811.12522
https://arxiv.org/abs/1811.12522
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FASERのこれまでとこれからExpected sensitivity (Heavy neutral lepton)

FASER collaboration, 
PRD 99 (2019) 9, 095011

● Appendix

Introduction ‒ FASER

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)

https://arxiv.org/abs/1811.12522
https://arxiv.org/abs/1811.12522
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FASERのこれまでとこれからExpected sensitivity (Axion-like particle)

FASER collaboration, 
PRD 99 (2019) 9, 095011

● Appendix

Introduction ‒ FASER

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)

https://arxiv.org/abs/1811.12522
https://arxiv.org/abs/1811.12522


・ Rock & LHC infrastructure eliminate most background

Main background
・Muon brems.  à photon

・CC / NC interactions of neutrinos 

[150 .b#* @ LHC Run3]

:   80000 events

:   O(1) events
Veting entering charged particles 
with an efficiency of 99.99%

Almost background free

Background

51/72

● Appendix

Introduction ‒ FASER

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)



Constraints on CLFV
CLFV process Exp. limit on BR Future prospect

SINDRUM Collaboration 
(1988)

Mu3e Collaboration (2013)

MEG Collaboration 
(2016)

MEGII Collaboration (2018)

TWIST Collaboration 
(2015)
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● Appendix

Introduction ‒ CLFV

Search for Lepton Flavor Violating Decay at FASERKento ASAI (ICRR, Univ. of Tokyo) Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)



Constraints on CLFV
CLFV process Exp. limit on BR Future prospect

SINDRUM II Collaboration 
(2006)

COMET Collaboration (2020)

MACS Experiment
(1999)

(Al)

(Au) [Phase -I]

[Phase -II]

Oscillation probability

J. Tang et al., MACE working 
group collaboration (2021)
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● Appendix

Introduction ‒ CLFV
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Decay of scalar boson
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Almost all 𝜙 decay into dark photon 
Nonzero 𝜙-Higgs mixing : 𝜃

A small number of 𝜙 can decay 
into SM particles

𝜙 : short-lived，𝐴′ : long-lived

● Appendix

Introduction ‒ CLFV

From Shimomura sanʼs slide
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Decay of scalar boson
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Dark photon from scalar decay

From Shimomura sanʼs slide

Almost all 𝜙 decay into dark photon 
Nonzero 𝜙-Higgs mixing : 𝜃

A small number of 𝜙 can decay 
into SM particles

𝜙 : long-lived

● Dark photon from scalar
ー Setup (Scalar & Dark photon)
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Decay of scalar boson
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Dark photon from scalar decay

We consider scalar decays
as dark photon source

● Dark photon from scalar
ー Setup (Scalar & Dark photon)
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Scalar production
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Dark photon from scalar decay

Production processes Number of scalars
7.1×10*+ B mesons are produced 
in LHC Run3 (150 .b#*) 
Scalars 𝜙 are produced by rare decays 
of B mesons

(for                   )

● Dark photon from scalar
ー Setup (Scalar & Dark photon)
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Geometrical acceptance
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Dark photon from scalar decay ● Dark photon from scalar

ー Calculation & Result

IP decay point of mesons decay point of

decay point of 𝐴′

For detection, 𝐴′s should decay at point where 
the following conditions are satisfied

Distance Angular
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Geometrical acceptance
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Dark photon from scalar decay ● Dark photon from scalar

ー Calculation & Result

Probability of dark photon decay in detector

Distance

Angular
: decay length of 𝜙 (𝐴′) in lab frame

: angular of 𝜙 (𝐴′) with respect of beam axis (z-axis)

: Heaviside step function

: distance of 𝐴′ from beam axis at 𝑧&' = 𝐿()* (𝐿(+,)
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Number of events
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Dark photon from scalar decay ● Dark photon from scalar

ー Calculation & Result

Number of dark photons which decay in detector

for FASER (LHC Run3)
: integrated luminosity
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Branching fraction of 𝜙 → 𝐴′𝐴′ Decay probability of 𝜙
● Appendix

Dark photon
Appendix
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Decay length of 𝐴′

Appendix
● Appendix

Dark photon
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Constraints from past experiments
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Charged LFV decay search ● LFV decay search

ー Calculation & Results

Not only FASER experiment, but also past beam dump 
experiments can search for LFV decays ?

Parameter region where FASER can observe 
LFV decays is alive or already excluded ?

We have explored possibility of observation of 
LFV decays by E137 experiment
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E137 experiment
𝑒! Beam Dump Experiment

Batell, Essig, Surujon, PRL113 (2014)Experiment parameters
Beam : 20 GeV 𝑒# beam

≅ 2×10,- EOT
Target : Aluminum beam dump
Shielding : 179m ground (hill)
Decay volume : 204m open air
Detector : EM calorimeter + MWPC
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● LFV decay search
ー Charged LFV 
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New particle production
𝑒! Beam Dump Experiment

Batell, Essig, Surujon, PRL113 (2014)

Lagrangian

Target

Coupling with electrons
Bremsstrahlung 
production

New particles are produced through bremsstrahlung process
65/72

● LFV decay search
ー Charged LFV 
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New particle detection
𝑒! Beam Dump Experiment

Batell, Essig, Surujon, PRL113 (2014)

Lagrangian
Coupling with electrons

After passing through shield, new particles decay into 𝑒'𝑒# pair 
in decay volume and are detected

Decay into 𝑒'𝑒# pair Detection

Detection
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Batell, Essig, Surujon, PRL113 (2014)

● LFV decay search
ー Charged LFV 
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𝑒! Beam Dump Experiment

Batell, Essig, Surujon, PRL113 (2014)

Lagrangian

Target

Coupling with 𝑒 & 𝜇
Bremsstrahlung 
production

Possibly LFV interactions contribute to bremsstrahlung production 

New particle production with LFV coupling
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● LFV decay search
ー Charged LFV 
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New particle detection
𝑒! Beam Dump Experiment

Batell, Essig, Surujon, PRL113 (2014)

Lagrangian

Target

Coupling with 𝑒 & 𝜇

LFV decay can be searched by beam dump experiment

with LFV coupling

Decay into 𝜇'𝑒# pair Detection

Detection
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● LFV decay search
ー Charged LFV 
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E137 experiment
𝑒! Beam Dump Experiment

with LFV coupling

Unfortunately, E137 experiment can 
detect only electron

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

69/72

● LFV decay search
ー Charged LFV 
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Constraint on LFV coupling
Result

U(1)$"%$# model 

○ Large mixing angle
Larger 𝑒$𝑒" coupling

(More 𝑍′ production & signals)
Larger 𝜇$𝑒" coupling

(More 𝑍′ production ?
& Stronger constraint from 𝜇 → 𝑒𝑒𝑒)
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○ For                    , E137 experiment can give   
stronger bound on LFV coupling than 𝜇 → 𝑒𝑒𝑒

● LFV decay search
ー Charged LFV 
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Production through LFV coupling
Result

Production cross section

: LFC : LFV

For                             ,

LFC

LFV

𝑍" production through LFV 
coupling is negligible
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● LFV decay search
ー Charged LFV 
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Constraint on LFV coupling
Scalar-type int.

○ Larger LFV/LFC ratio
Larger 𝜇$𝑒" coupling

Shorter decay length for 
& smaller 
Sensitivity region is covered with 
constraints from 
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Result ● LFV decay search
ー Charged LFV 
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