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FASER

Adva ntage Inelastic scattering cross section

. _ _ of pp collision @ 13TeV LHC
1) pp-reaction cross section @ LHC is [,

very large in the direction of beam axis

do / dt [mb GeV~]
S -3z 3

Large production number of

..

BSM particles
2 ) 480m from ATLAS ol ~
— Long decay width j‘;ﬁlfu.....l....jli
FASER can search small L R0?GeVY

interaction region TOTEM Collaboration, EPJC 79 (2019) 10, 861
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Introduction - FASER — FASER

FASER

Adva ntage Inelastic scattering cross section
_ _ of pp collision @ 13TeV LHC
3 ) FASER is placed in far-forward o
region : o)
FASER can search light BSM "=\
particles
cf.) LHC - .
10-72— ﬁ
New physics searches @ LHC focus on N S T T U T T T Y
h|gh Dt | | Eiz\;]v;:ysi ccccccc hes @ LHC focus on

LHC can search heavy BSM particles  1oTEM Collaboration, EPJC 79 (2019) 10, 861
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FASER location

FASER detector is situated along the beam collision axis line

of sight

Between ATLAS |P and IP TAS D1 TAN D2 Insertion | Arc From 1901.04468 [hep-ex]
FASER detector, there are [ e
| HC materials and natural civ wom o wmome

rock A el B —
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Introduction - FASER — FASER

FASER detector

Detector setup From 1901.04468 [hep-ex]

100.00 mm Tracking stations
3 planes of silicon strip

Depth (m) Radius (m) detector per station
FASER 1.5 0.2
FASER?2 5 1

F AS E R Scintillator/Pb Veto
to veto incoming charged
150 fb™ 1 articles and protons
p p

~

@ LHC Run3| \

Trigger/preshower

F AS FR? & ' scintillator station
3a3b~ 1 . / Electromagnetic
Long-lived 05 Teslapermanent  wiisperitiming calorimeter
- . dipole magnets - : Lead/scintillator
@ H |_ I_ H C pa rticles from |P B0 aDSTEGS scintillator station ( )
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Spectrometer : separating daughter

FASER detector particles by magnets

Detector Setup 1.5m decay volume
rrom Takubo san’s slide
Scinti. (5T magne Scinti. 0.5T magnet 0.5Tn gnet Scinti.
, Decaying to
A | eTe pair E
————— .- 4———————}—%:
b4 "4 *
Tracker Tracker Tracker Calorimeter

Scintillator veto

Tracker : Measurement of two oppositely
charged particle and their momenta

Calorimeter : measurement of energies of
daughter particles
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FASER detector

Benchmark signal (dark photon)

From Takubo san’s slide

Sc_int 0.5T magnet Scinti. 0.5T magnet 0.5T magnet Scinti.
Decaying to
A’ ; e’e pair &

- -‘ .4 ------ ’H:
1 7

3

Tracker Tracker Tracker Calorimeter
1, No signal in veto scintillator
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FASER detector

Benchmark signal (dark photon)

From Takubo san’s slide
Scintl. (0 5T magnet Scinti. 0.5T magnet 0.5T magnet Scinti.

Jecaying to

3

Tracker Tracker Tracker Calorimeter
1, No signal in veto scintillator
2, Decay into et and e~
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FASER detector

Benchmark signal (dark photon)

From Takubo san’s slide

Scinti. (5T magnet Scinti. 0.5T magnet 0.5T magnet Scinti.
Decaying to
A’ 4| eTe pair
----- 1-._-9——-----» *
- Tracker Tracker Tracker Calorimeter

1, No signal in veto scintillator

2, Decay into et and e~

3, Detection of two high energy charged tracks
that emanate from a common vertex
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FASER detector

Benchmark signal (dark photon)

From Takubo san’s slide
Scintl. (5T magnet Scinti. 0.5T magnet 0.5T magnet Scinti.

, Decaying to
A . e’e pair E

————— ‘.. a———————’—%:
0.. L4 /

Tracker Tracker Tracker Calorimeter
1, No signal in veto scintillator
2, Decay into et and e~
3, Detection of two high energy charged tracks
that emanate from a common vertex
4, Measurement of large EM energy in calorimeter
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Introduction - FASER — FASER

FASER detector

Benchmark signal (dark photon)

From Takubo san’s slide

Scinti. (5T magnet Scinti. 0.5T magnet 0.5T magnet Scinti.
Decaying to
A’ *u pair
----- i1l

Tracker Tracker Tracker Calorimeter
1, No signal in veto scintillator
2, Decay into u* and u~
3, Detection of two high energy charged tracks
that emanate from a common vertex
4, Muons pass through calorimeter as minimum ionizing particles (MIP)
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Introduction — CLFV

— Charged LFV

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

Charged lepton flavor violating (CLFV) M

processes occur through neutrino oscillation W S

Theoretical prediction :
2

3a m2 —m? _
Br(p — e7) = o |D Upillei == <107% 1y e
32m |4~ M M2 > > >
7T. ‘z ‘ v ‘ ‘ U.Lbi Vi Uez’
Huge sap Li (‘77), Petcov (‘77), Sandra (‘77), Lee (‘77)
Experimental bound : It is impossible to detect
BR(p~ —e 7)) <4.2x1071 CLFV process

MEG Collaboration (2016)
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Introduction — CLFV e LEY

Charged Lepton Flavor Violation (CLFV)
Beyond the SM

Extra bosons = - Leptophilic scalar

- Extra gauge boson (ex: U(Dy,-1,) w
- Axion-like particle
» Dark Photon w/ dipole LFV coupling 4@_
; M €

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

— Charged LFV

Charged Lepton Flavor Violation (CLFV)

Beyond the SM

Extra bosons ___ (We focus on light bosons]
L

New physics makes CLFV processes observable
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@® Introduction

— Charged LFV

Constraints on CLFV

Ex) Leptophilic scalar model

LD Z ylLdlr + yhrder + YeLour
b=e,p,T

In light-mass & small-coupling region
(Mmy~0.01 -1 GeV & y,~1078 — 1075)

1, CLFV coupling can be as large as
CLFC one

2, New particles with CLFV coupling
are long-lived
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Introduction — CLFV

Constraints on cLFV

— Charged LFV

FASER search experiments can
detect CLFV decays 7
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Calculation

) @ Calculation
Benchmark Interactions

(O Scalar interaction

O ¥ _ _
Lscalar = qu Z myforf + (Yeu€L QbR + YuelPrer + h.c.)
f

Scalars are produced by meson rare decays
O Pseudoscalar interaction
d,a

'Cpseudoscalar — T {Z Crf ?’yp’)%f -+ Ceu€7p751u T Czuﬁ7p’75€}
f

Pseudoscalars are produced by meson rare decays
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I Detail in
Ca | Cu |at| on “Dark photon from light scalar decays at FASER”,

] T.Araki, KA, H.Otono, T.Shimomura, Y.Takubo,
il alnn 1 @Il I Te o gkl | HEP 03 (2021) 072, 2008.12765 [hep-ph]

O Vector-type interaction
Evector — gZ’Z,;(S2 E’y”e T Cz ﬂ/yp:u + SC ﬁfype T 8C éfyp:u)

+ 92 Z (=TT + U v — Vs
Gauge bosons are produced by meson -> scalar decays

O Dipole-type interaction

/

1 _
Lipete = 5 O uelo" LA, + 5 (jio™e + 207 p) A,

l=e,u,T

Gauge bosons are produced by meson -> scalar decays
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Calculation

. @ Calculation
Scalar production

. . . J. L. Feng, |. Galon, F. Kling, S. Trojanowski,
Light scalar boson ¢ is mainly produced P?rp 97 (2018) 5. 055034 -

by rare deCayS of B mesons FASER collaboration, PRD 99 (2019) 9, 095011
ps[GeV]
B — K + ¢ 100l B-meson - Spectrum [ab/bin]
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Calculation

@® Calculation

Gauge boson production

Origin of BSM gauge boson mass

Spontaneous symmetry breaking by VEV of U(1)x-
charged scalar

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

/2 1‘ / v <¢>:’U¢/\/§ 1 2 A/ A//,L / A/ A/'u
EDQ ¢¢AMA SSB §mA, y —|—gmA/¢ y

A’ mass term pA'A’ coupling

¢Z'Z’ coupling
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Calculation

_ @ Calculation
Gauge boson production

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

LD g'mMﬁA;A’“ ¢ decay into A’ pair

We assume that U(1)x-charged scalar is much heavier than
dark photon (Mmar < myg)

Almost all ¢ decay into dark photon enhancement
" )2} factor > 1
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Calculation

@ Calculation
Signal of CLFV decay

Benchmark signal

Scintl. (5T magnet Scinti. 0.5T magnet 0.5T magnet Scinti.
Decaying to
A et pair
————— - 4———————}—%:\
4

_ _ o Track_er Tracker Tracker Calorimeter
1, No signal in veto scintillator

2, Decay into et and u~

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)
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Calculation Detail in

“Dark photon from light scalar decays at FASER”,

T.Araki, KA, H.Otono, T.Shimomura, Y.Takubo,
N U mber Of events JHEP 03 (2021) 072, 2008.12765 [hep-ph]

Number of LFV decays in FASER detector

A0 5535 , .
Newv=L 3 3 [ dpdt; [ dpa [ dpy ™2 iXBr(i » X)Br(o — A1)

7:meson j=1,2

X P (pA/, p¢) X BR(Z, — el[/[J) k p:([)?_e\Bl]—mesoni_—:Epeictr:Jm [ab/bin]

103.

102} ,
1013 .

. 10f 12 9
Assumption & Setup | 1513
- Calculated for FASERZ? case ol G &8
- Background free W s
6B
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Result
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Detail in
“Electron beam dump constraints on light boson
with lepton flavor violating couplings”,

: 4 T.Araki, KA, T.Shimomura, JHEP 11 (2021) 082,
Constraint on LFV coupli Epismemusis
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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]
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Detail in
“Electron beam dump constraints on light boson
with lepton flavor violating couplings”,
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Constraint on LFV coupli

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]
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Detail in
“Electron beam dump constraints on light boson
with lepton flavor violating couplings”,

. 2 T.Araki, KA, T.Shimomura, JHEP 11 (2021) 082,
Constraint on LFV coupli Episaenisis
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Detail in
“Electron beam dump constraints on light boson
with lepton flavor violating couplings”,

. 2 T.Araki, KA, T.Shimomura, JHEP 11 (2021) 082,
Constraint on LFV coupli Episaenisis
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Result

Constraint on LFV coupling ® Result

FASER has a potential to find cLFV decay
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Introduction - FASER

Schedule of FASER o e

FASEREEEDERESEDTE

« 201848 H . LOI (Letter Of Intent)ZLHCE E (1R H

( ).
« 2018411 A, TP (Technical Proposa)ZLHCE B &I H
( )

¢ 2019438 . CERNIZARKIZEEREEINT-

- RHERDEREEEE R, SimonsBfH &Heising-SimonsBA FAY
et

« 2020FFUCHRHBEERYAMNIRETSHFE
« 2214E XSy a= T EE
T —43E5 (X LHC Run3M 8 FE 520224 (2B R From Takubo san’s slide
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Introduction - FASER

Background @ FASER o Ao

Inserti

lllllll Scinti. (0 5T magnet Scinti. (0.5T magnet 0.5T magnet Scinti.

uJ12 Decaying to

- Pror, - N ) H L] L | *
pﬁ%”\qsrev B - FASER Tracker Tracker Tracker Calorimeter
ea 7/1,@;;;;
l0—4—+—+—4—45;|—4—+—+—160—1—0—4—m TH2

Almost all potential backgrounds are eliminated by rock and LHC materials

Main background
- EM/HD shower from muon bremsstrahlung : 8x103 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%
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Introduction - FASER

Spectrometer o Ao

_ . F 1811.10243 |hep-
Fx ) ete™ pair from decay of 100 MeV dark rom [hep-ex]
= 0.16 = -
photon are separated by 0.5T magnet g014;_“°"=S<::ﬁt:'n'fr;:t';§2e1arat-on
STV — | =
. . 2TeV — .
Can identity two tracks e — 1
0.1_— I

0.08 F A
0.06 |- |

0.04 -

0.02 |

0_ ! IRt i
107 107

1 10
d [mm]

threshold : 300 um
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'
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'
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H
H
.
v
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Introduction - FASER

Spectrometer o Ao

From 1811.10243 [hep-ex]

Momentum resolution

o
P
o0

The lower energy ete™ have,
the better momentum resolution is.

0.5
0.45
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Track Mome.ntum Resolutlon\
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Introduction — FASER

Dark Photon Model ® Aooondi

Fxtension of the Standard Model by a dark U(1) gauge
symmetry

SU(3),. x SU(2)p X U(1)y X U(1)gan

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

Cmix — _EBW/X'W/ SM
2 A’M
o /
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Introduction — FASER

Dark Photon Model o Ao

PrOdUCtion @ ATLAS FASER collaboration, PRD 99 (2019) 9, 095011
priGeV]
¥ and n are produced o] 7 - Spestrum [abibin]
at ATLAS collision point ol =
NNV TY
0 102 .
T /n o

v A/
Dark photons are produced

by rare decays of ©° and n

BR(1” — vA") ~ 2¢* x BR(7" — v7) TR TSR T A TR T

%] en_

1}t

1071}

1072
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Introduction — FASER

Decay length ® Ao oondi

Dark photon decays into SM FASER collaboration, PRD 99 (2019) 9, 095011

particles through y — A" mixing -
Decay length e
A’ %
d = i By = et r 108
3 mA’ 1 — .h.z-.lld.r-(;ns
10_2 10 GeV 100 o ee
Y m . — m ; y
0.1 GeV 110
> uy
for ma =0.1GeV, e = 107" © 102
) OIS S

mgy [GeV]
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Introduction — FASER

Expected sensitivity (Dark photon)

Hu hadrons

Search for Lepton Flavor Violating Decay at FASER

@® Appendix

~-
-

B-L gauge boson

1072 1071
mpy [GeV]

1 FASER collaboration,

PRD 99 (2019) 9, 095011

Flavor Physics Workshop 2022 @ New Hakkeien (Nov 9, 2022)
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Introduction — FASER

Expected sensitivity (U(1)p-, gauge boson) | ¢,

L-_’./—/———, —dl\;«l
-~NA64% - Belle-ll yil
MINER - wH. v

~t y; » -,

N. _____ 7
;‘i 10_5 Belle-Il yvv
-6
10 y ;':'
1t vV S
< o " — 1076
2 107
< o hadrons | = [<EASpp. - AN
@ 107 N
102
e e | N Y ... B-l-.gauge.boﬁon R ¥ A i
10—2 10—1 1 -2 -1
10 10 1 FASER collaboration,
my [GeV] my [GeV] PRD 99 (2019) 9, 095011
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Introduction — FASER

Expected sensitivity (Dark Higgs boson)

@® Appendix

10_6§
| R DarkHiggs . ...~
1071 1 10 107! 1 10

my [GeV] my [GeV] FASER collaboration,
PRD 99 (2019) 9, 095011

-
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Introduction — FASER

Expected sensitivity (Heavy neutral lepton)

@® Appendix

103
E 109}
2 [
o 108}
N I
Eé’ 1035
1.

13y hadrons

%
X 101 e
ki cev ]
E B N \\\ z/
1072} A L SHIP ™~ ‘//
ewv, Auwv.,, . Jev, jy ] 10-sLHNL - Electron Dominance, , ,
10! 1 10 10~! 1 10

my [GeV] my [GeV] FASER collaboration,
PRD 99 (2019) 9, 095011
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Introduction — FASER

Expected sensitivity (Axion-like particle) ® Aooendi

1/f, [GeV"]

ee
10—2/”
. e 1o0-7LALP - Photon Dominance ,k ..

102 10 1 10-2 10~ 1

m, [GeV] m, [GeV] FASER collaboration,
PRD 99 (2019) 9, 095011
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Introduction — FASER

Background N

- Rock & LHC infrastructure eliminate most background

Main background [150fb~! @ LHC Run3]

- Muon brems. = photon
30000 events

- CC / NC interactions of neutrinos (E, > 100 [GeV])
O(1) events

Veting entering charged particles
with an efficiency of 99.99%

Almost background free
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Introduction — CLFV

Constraints on CLFV ® Aoondis

CLFV process Exp. limiton BR  Future prospect
p— eeel| e 1.0 x 10712 ~ 10~ 1¢
X e SINDRUM Collaboration Mu3e Collaboration (2013)
. (1988)
p— ey AT 42 %1078 ~ 6 x 1071

C ; > MEG Collaboration MEGII Collaboration (2018)
M e (2016)

2 e _
[,u — GX] % ~ 107°
TWIST Collaboration
X (2015)

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



Introduction — CLFV

Constraints on CLFV ® Aoondis

CLFV process Exp. limiton BR  Future prospect

-
- -~

[,U,N — GN] 7 X :_0_13 (Au) 7 X :_0_15 [Phase -I]

SINDRUM Il Collaboration DR
(Al)
e COMET Collaboration (2020)
Oscillation probability
Mu < Mu ~ 0 — —13
8.3 x 10~ 11 O(10™°)
(B = 0.1 Tesla)
ut o+ MACS Experiment J. Tang et al., MACE working
(1999) group collaboration (2021)
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Introduction — CLFV

Decay of scalar boson

Almost all ¢ decay into dark photon | 1}
kS [
. - . s 107%F
Nonzero ¢p-Higgs mixing : 6 5 |
108} Ma=100 ey
A small number of ¢ can decay e g =10—%
- . - hort-lived
into SM particles ik oo shordvea
Eh',zg’ or 0 ' ’=100MeV)
for g’ > 0 3 10°F W
. . — 10'4:- cC 1
¢ : short-lived, A':long-lived Sl S
§ [ Y77
CL 10720 oo ﬂ7T
|
e, W e
0.1 0.5 1 5 10
From Shimomura san’s slide"'# [GeV]
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Dark phOtOn from Scalar decay @ Dark photon from scalar

— Setup (Scalar & Dark photon)

Decay of scalar boson : s
104:- Io,ng-livggl - )
Almost all ¢ decay into dark photon 10} g messoomey
T | —__
: .. < 107} Ma=100 Mey
Nonzero ¢-Higgs mixing : 6 s vev
10_8_'
A small number of ¢ can decay ol
into SM particles ol — ]
k=g or6 100 MeV)
g 10'4:- ik o - cC -
T 1078t SS
A ' 7
- I
/ oy ~12[ Tt
for " < 6 < ——
1070, e ]
¢ : |Ong—|ived 0.1 0.5 1 5 10
From Shimomura san’s slide¢ [GeV]
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Dark phOtOn frOm Scalar decay @ Dark photon from scalar

— Setup (Scalar & Dark photon)

Decay of scalar boson

Almost all ¢ decay into dark photon | 1w} | > 7"  ms=s
E i —
Nonzero ¢-Higgs mixing : 6 s 7 - eomey
1078} Ma=100 g
A small number of ¢ can deca | ng: 10~
into SM parti B
for g' > 6 TN
. - /. : = 10'4;' |
¢ : short-lived, A" :long-lived ¥ ol P
& ol (ir
for g < 6 < e |
10_16—1 . " . 1 P | . " . 1 M ..1-.
¢ : |Ong—|ived 0.1 0.5 1 5 10
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Dark phOtOn frOm Scalar decay @ Dark photon from scalar

— Setup (Scalar & Dark photon)

Scalar production

Production processes Number of scalars

+ +
B— X0, KT~ =70, 7.1x10*3 B mesons are produced

Krs) — ¢, 7 — né in LHC Run3 (150 fb™?)
Br(B—>XS¢):5.7(1—m—?2b)292, Scalars ¢ are produced by rare decays
””;’;0 of B mesons
Br(K* — n%¢) = 2.0 x 1073 =242 5
P BR(B — Xs¢) ~ 6

0
Br(Ky, — m°¢) = 7.0 x 10-3%02 | . )
K
% :>N i~ 10 — o
Br(Ks — m°¢) = 2.2 x 10—63&92 | B—¢ (for 8 = 10 )
K
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Dark phOtOn from Scalar decay @ Dark photon from scalar

] — Calculation & Result
Geometrical acceptance

B.K,- - 0

| | AV L V4
P de!cay point of mesons  decay point of @ i /
z=0 (z;=0,r;1) (24, T¢. 1) N i
L i
For detection, A’s should decay at point where Limin i iLmax
the following conditions are satisfied .
Distance Angular decay point of A’

Lmln < ZA;.,2 < LmaX7 TA;_’2,J_ < R (ZA1,27TA1,2,J—)
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Dark phOtOn from Scalar decay @ Dark photon from scalar

] — Calculation & Result
Geometrical acceptance

Probability of dark photon decay in detector

det L [Pemex ey 1 e Sy
Pa (pA,,p(b) B CZ¢ COS 9¢ /qu,min d2¢6 ’ ’ CZA/ COS HA/ /zA,,min dZA,e ! !
Distance
XO(R—ra Rr)OR—TaF)
Angular
J¢(A/) : decay length of ¢ (A") in lab frame @(g;) : Heaviside step function

6’¢(A/) - angular of ¢ (4") with respect of beam axis (z-axis)

A’ F(R) : distance of A" from beam axis at z4, = Lyin (Lmax)
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Dark phOtOn from Scalar decay @ Dark photon from scalar

— Calculation & Result
Number of events

Number of dark photons which decay in detector

dopp—iX o . .
N=L ) > / dp; / dp / dp Zp?;f Br(i — X¢)Br(¢ — A} A})

t1:meson j=1,2

X Pdet (pq/)7 pA’)

~150fb ' x 10" abx 107" x 1 x 1072
~ 10

L :integrated luminosity
for FASER (LHC Run3)
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Appendix

Dark photon

Branching fraction of ¢ » A'A’ Decay probability of ¢

gr=10—4 -

10_3_'

Z¢,min — 07

Decay Probability

<¢,max — Lmax

1078} a4l
=104 O dacosBa = 480 m
10-10L - : : Y
0.01 0.05 0.10 0.50 1 100 500 1000 5000 10*
ma [GeV] dpc0s(6y) [m]
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Appendix

Dark photon
Decay length of A’

{1071

—_—
<
N

107"

e2cry [m]

11072

e2M(A'->XX) [GeV]

—_—
<
i

ee M | hadrons

1107
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Charged LFV decay search

@® LFV decay search

Constraints from past experiments — 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 7

P

We have explored possibility of observation of

LFV decays by E137 experiment
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e~ Beam Dump Experiment

@® LFV decay search

— Charged LFV
E137 experiment

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

~ 2x10%° EOT 5
Target : Aluminum beam dump ﬁ S;arget __~

Shielding : 179m ground (hill) s
Decay volume : 204m open air
Detector : EM calorimeter + MWPC

e

Electron
Beam Target Dirt Detector
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e~ Beam Dump Experiment

@® LFV decay search

] ] — Charged LFV
New particle production

Target Batell, Essig, Surujon, PRL113 (2014)
e Al 6—
>Q )0<':!_
Electron €
Bey/\ Dirt Detector
Lagrangian Bremsstrahlung e
Coupling with electrons production e

LD gXeeXpévpe

New particles are produced through bremsstrahlung process
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e~ Beam Dump Experiment

_ _ — Charged LFV
New particle detection

@® LFV decay search

Batell, Essig, Surujon, PRL113 (2014) Batell, Essig, Surujon, PRL113 (2014)
e Al e
>Q )0<':!_
Electron €
Beam Target Dirt //\
L agrangian Detection -
Coupling with electrons M/< n
_ e
LD gxeeXpeye X
Decay into eTe™ pair Detection

After passing through shield, new particles decay into e*e™ pair
in decay volume and are detected
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e~ Beam Dump Experiment

@® LFV decay search

_ ] : . — Charged LFV
New particle production

Target Batell, Essig, Surujon, PRL113 (2014)
e Al 6—
>Q= > ot
Electron ,u"'
Bey/\ Dirt Detector
| asrangian Bremsstrahlung o
Coupling with e & u production e

LD gxepXpey 1

Possibly LFV interactions contribute to bremsstrahlung production
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e~ Beam Dump Experiment

@® LFV decay search

_ _ : . — Charged LFV
New particle detection

Target Batell, Essig, Surujon, PRL113 (2014)
e Al 6_
>Q= > ot
Electron M"’
Beam Target Dirt /
Lagrangian Detection _
] _ 9Xep &
Coupling with e & u ’\/\/< n
_ M
LD gxenX 7 1t A | |
Decay into u*te™ pair Detection

LFV decay can be searched by beam dump experiment
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e~ Beam Dump Experiment

@® LFV decay search

i — Charged LFV
F137 experiment

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

@® LFV decay search
— Charged LFV

Constraint on LFV coupling
U(1).,-r, model

Lyector = 9'Z,(s* ey’e + ¢ I+ sc iy’e + sc ey p)

+ 9 Z(—TVT + 0 v — Uy 10-6

O Large mixing angle >
Larger ete™ coupling
(More Z' production & signals)
Larger ute™ coupling
(More Z' production ?
& Stronger constraint from u — eee)

O For # > 0.4rad , E137 experiment can give  '%.0 0.1 1
stronger bound on LFV coupling than u — e mz [GeV]

| lllHIl

1077

| IIIHI\
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Result
Production through LFV coupling

@® LFV decay search

— Charged LFV

For Bz, = E,(x =1), Production cross section
doFC  2g7 1 107F T xLio —

LFC 251: ~ o EBzr X E2 10
\/ 107 |
NA1O-1O;

\/ dO.LFV a29/2 E202 310-11
LFV Zrems -~ 55 X e m;x %110_12;
L m,u z’ 3 10131

10714

10'15;‘
7' production through LFV 1016 L

: 10

coupling is negligible
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Result

Constraint on LFV coupling

Scalar-type int.

Lscalar = Z yKECbER + yéﬂaﬁbﬂR + yLe;TLqﬁeR + h.c.
{=ie; T

O Larger LFV/LFC ratio

Larger ute™ coupling

Shorter decay length for mgy > me +my,

& smaller BR(¢ — eTe™)

Sensitivity region is covered with
constraints from @t — €@

g P
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@® LFV decay search
— Charged LFV
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