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Motivations and setup

3, New physics search @ |[LC beam dump
1, Long-lived particle

“New physics search at |ILC positron and electron beam dumps”, K. Asai,
S. lwamoto, Y. Sakaki, and D. Ueda, JHEP 09 (2021) 183, arXiv:2107.07487

2, Sub-GeV dark matter

“Sub-GeV dark matter search at ILC beam dumps”, K. Asai, S. lwamoto,
M. Perelstein, Y. Sakaki, and D. Ueda, JHEP 02 (2024) 129, arXiv:2301.03816
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BSM search in sub-GeV region

Ex) Constraint on minimal dark photon model
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BSM search in sub-GeV region

Ex) Constraint on minimal dark photon model
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Why long-lived particles?

@® Strong coupling between SM & BSM particle has been
already excluded for light mass case

Ex.) Dark photon

M. Bauer, P. Foldenauer, and
J. Jaeckel, JHEP 2018 (2018) 94

Mixing

Mass

MAf [GeV]

@® For background reduction, thick shield needs
Ex.) muons with EM/HD shower
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Recent progress

Constraint on minimal dark photon model

Kinetic Mixing €
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FASER collaboration,
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Long-lived particle search experiments

are getting more exciting!
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Various experiments

Place Year Beam Shield length

> CHARM CERN 1979 p, 400GeV 480m

XD y-Cal | Serpkhov 1989 p, 68.6GeV 64m

S E137 SLAC 1988 e, 20GeV 179m
T BDX JLab 20277 e=, 11GeV 20m

X SHiP CERN LHC Run4  p, 400GeV 120m
"~ |LC beam dump lwate ? ? e”/et, 125GeV  70m

L g Place Year Beam +/s Distance
S © FASER ATLAS Present p, 14TeV 480m
M O

FASER? ATLAS HL-LHC p, 14TeV 620m?

Various future experiments in forward region
Light & feebly interacting particles will become hotter!
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ILC beam dump
experiment
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International Linear Collider

ILC (International Linear Collider)

- Electron-positron linear collider
- 250 GeV center-of-mass energy (-> upgrade to 500 GeV, 1TeV)
- 250 fb~ 1! integrated luminosity

ER #3.2km (@8 Damping Ring -
approx. 3.2 km in circumference § -— — %J[/??'?‘JI\

BFMIES
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BFH
Electron Gun s = ERINEER Positron Source
- — Beam Delivery System
2K #20km
approx. 20 km in length
7t B B FRIANE SR
Positron Accelerator
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Schematic illustration of ILC

From ILC official homepage
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https://www2.kek.jp/ilc/en/

International Linear Collider
Beam dumps at |[LC

Main beam dump
- Absorber : liquid water

- Covered by iron shield and concrete
- 11 m length

I : Electron Beam Dr
1 : Positron Beam Dump

From Morikawa san’s slide
[LCWS2019]
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https://agenda.linearcollider.org/event/8217/contributions/44792/attachments/35087/54305/LCWS2019-morikawa.pdf
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International Linear Collider
Beam dumps at |[LC

Main beam dump

- Absorber : liquid water
- Covered by iron shield and concrete

I—

- 11 m length ghat ] vvaste)

S —

Almost all et & e~ arée dumped at main beam dump

Use them for beam dump experiment
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L LP search at ILC beam dump

PreViOUS WOI’k S. Kanemura, T. Moroi, T. Tanabe, PLB 751 (2015) 25-28,

arXiv : 1507.02809 [hep-ph]
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L LP search at ILC beam dump

PreViOUS WOI’k S. Kanemura, T. Moroi, T. Tanabe, PLB 751 (2015) 25-28,
arXiv : 1507.02809 [hep-ph]

104
Dark photon search by ILC electron beam :
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Sensitivity of ILC beam dump experiment to light particles is much higher than
those of past beam dump experiments and comparable to that of SHiP experiment
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L LP search at ILC beam dump

Pl’eViOUS WOI’k Y. Sakaki, D. Ueda, PRD 103 (2021) 3, 035024, arXiv : 2009.13790 [hep-ph]

- Electromagnetic shower (e & u & ) in ILC electron beam dump
- Production of Axion-like particle and light scalar by bremsstrahlung process
from e & u, Primakoff process from y

P ldump - Ish - lec R
Muon shield Decay volume Detector
Beam dump
e e‘\& e - - - - - - - - - - > < Ir det
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L LP search at ILC beam dump

Y. Sakaki, D. Ueda, PRD 103 (2021) 3, 035024, arXiv : 2009.13790 [hep-ph]
. O Light scalar

Previous work
O Axion-like particle
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Productions by secondary particles are important
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https://doi.org/10.1103/PhysRevD.103.035024
https://arxiv.org/abs/2009.13790

L LP search at ILC beam dump

. K. Asai, T. Moroi, A. Niki, Leptophilic Gauge Bosons at IL.C Beam Dump Experiment,
Previous work PLB 818 (2021) 136374, arXiv : 2104.00888 [hep-ph]

O U(1),,_;, 8auge boson OU(1),,_ 1. gauge boson

Bremsstrahlung

_— “_._,.{...-....I.....I.-‘-.-I..:.I..I.I..I....----‘-._,.I..-:_.:-‘I"‘III | o “I: é 10-9 o l o I”_
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Sensitivity of ILC beam dump experir.nent to light leptophilic gauge bosons
is much higher than those of past beam dump
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[LC beam dump experiment

Beam dump experiment at ILC

ldump~11m lsh ~70m ldec ~50m
<€ > € > € >

Muon shield Decay volume Detector

Beam dump

------- ILC main beam dump experiment

-+ 125 GeV et or e™ beam
- Liquid water target
- Thick muon shield for removing background

Kento ASAI (ICRR, Univ. of Tokyo) = ILC Beam Dump Experiment & New Physics Search Berkeley Week @ Hongo, UTokyo (Mar 12, 2024)



[LC beam dump experiment
Advantage

O Intensity frontier
- Produce large number of light weakly-interacting BSM particles
by high-intensity beam & fixed target

ILC beam dump experiment and ILC main experiment are
in complementary relation

ILC experiment

O Energy frontier
- Produce heavy interactive BSM particle by high energy beam

O Low cost of construction and operation
- Possible to use beams and beam dumps for ILC main experiment

Kento ASAI (ICRR, Univ. of Tokyo) = ILC Beam Dump Experiment & New Physics Search Berkeley Week @ Hongo, UTokyo (Mar 12, 2024)



[LC beam dump experiment
Advantage

- Can use positron beam
- Production by pair annihilation between e* beam and e~ in H,0

Proton beam dump has higher sensitivity
than electron one X /Other process I

* et al et et
%_ gy Bremsstrahlung
e

Our question

How much better does positron beam
dump perform than electron one 7

) X
i
\MW;;; Primakoff procesy
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L ong-lived Particle
@ [LC beam dump

Based on
“New physics search at ILC positron and electron beam dumps”, K. Asai,
S. lwamoto, Y. Sakaki, and D. Ueda, JHEP 09 (2021) 183, arXiv:2107.07487
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Basic strategy

Production & Detection
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

beam dump
(fixed target) decay volume

~u

beam—— ' _NeVV_parﬁC’e

shield detector
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Long-lived particle search

Calculation of event number

ldump Ish 55 o ldec "

Muon shield Decay volume Detector

Beam dump

beam

(# of signal event)

= (# of produced BSM particles) x (Acceptance) x (Branching ratio)
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Long-lived particle search

Calculation of event number

ldump Ish 55 o ldec "

Muon shield Decay volume Detector

Beam dump

beam

(Acceptance)

= (Probability of decay in decay volume) x (Angular cut)
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Long-lived particle search

Calculation of event number

ldump lsh ldec
< > < 5 @ .
Beam dump Muon shield Decay volume Detector
o —
beam
e L
(Acceptance) 0 ldec

= (Probability of decay in decay volume)
BSM particles reach decay volume and are detected by decay into visible particles
Probability of decay between 0 ~ [gec

deec 1 ( ldump + lsh + 2
exXp | —

dz lglfab) l géab)

) lgéab) : Decay length in laboratory frame
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Long-lived particle search

Calculation of event number

ldump ldec
Muon shleld Decay volume Detector

Beam dump
<:IIrdet
n e —— e = — e — - - AL .
e beam _ I

(Acceptance) i dﬂfﬁ
- (Angular cut)

Produced particles have angles with respect to initial particles

For large angle (deviation from beam axis 7 1), visible particles in decay
volume do not hit detector

Angular cut : @(Tdet — 71)
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Long-lived particle search

Calculation of event number (e* beam dump experiment)

ldump lsh ldec
<€ > € > € >

Muon shield Decay volume Detector

Beam dump

(Number of signals)
= (# of produced new particles) x (Acceptance) x (Branching ratio)
dl; m d?c(i + j — X + others)
:Neinj/dEidEi /dEX/O dox

dExd6b 2 1
A X / dzl—e_z/ld%@(rdet — 11 ) X Br(X — visible)
Z1 dec

Coupling to SM _’ —— # of production J Acceptance (Iifetime)-i
:: 8

# of signals is defined by competition of two effects

Secluded "

.....
,,,,,
nnnn

1111

,,,,,
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L LP search at ILC beam dump

Production Process

X X X
et - Y g ei - ei
(a) Pair-annihilation (b) Primakoff process (c) Bremsstrahlung

dark photon v/ v/
ALP v/ v/ v/
scalar v/ v v/
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Sensiti
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— bound from T2K 10-year run
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vity region (dark photon)

Electron beam

T. Araki, KA, T. lizawa, H. Otono, T.
Shimomura, Y. Takubo , JHEP 11 (2023) 056

N T

Effect from
et primary beam

Positron beam



https://doi.org/10.1007/JHEP11(2023)056

Sub-GeV Dark Matter
@ [LC beam dump

Based on
“Sub-GeV dark matter search at ILC beam dumps”, K. Asai, S. lwamoto,
M. Perelstein, Y. Sakaki, and D. Ueda, JHEP 02 (2024) 129, arXiv:2301.03816
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Light Particle + Dark Matter

In light particle (LP) search at ILC bean dump, it is
assumed that they couple only to SM particles

e
| P = =nee SRR <
o=

LP Detectable

It light particles dominantly decay into DMs,

(i) myLp < 2mpwMm case (i) mpp > 2mpy case

|

|

|

|
| P : | P sssssgussssssnnnnnnnnnns >

|

|

| No visible signal !
- | DM can be detected at ILC

LP Detectable beam dump experiment ?
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BDX (Beam Dump eXperiment)
MeV-GeV dark matter search experiment @ JLab

O DMs are produced in electron beam dump
() 11 GeV electron beam BDX collaboration (2016), arXiv:1607.01390
i k—— 10 m > ¢— 10 m —
O 1022 electron on target R WL i
X

O 1m?3 Csl (T]) scintillator  Bem

ILC beam dump Detector
125 GeV e* beam,

4x10%1/year et on target

Dump Detector

Optional

Shielding

» Powerful DM search like BDX @ [LC beam dump !
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ILC-BDX

MeV-GeV dark matter search experiment

L
O DMs are produced in e beam dump @ ILC beam dump

(O 125 GeV e* beam O 4%x10?%1/year et on target
O cylindrical Csl (TI) scintillator
1llm 7(2111 59m O.6l4m
Muon shield > < Decay volume (Mjﬁclayertracker) > Dfﬁ:t%r

ei

Berkeley Week @ Hongo, UTokyo (Mar 12, 2024)
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ILC-BDX

Two types of DM signals

(D Electron recoil X X

DMs scatter with electrons in detector material A

elastically, and recoil electrons are detected.

(2 Visible decay ”

Heavy DM state is produced at beam dump

and decay into light DM state and SM particles. Al e
Visible daughter SM particles are detected. e~
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Dark matter search

Calculation of event number (e* beam dump experiment)

ldum lsh ldec ldet
< p > Pl S & ~ H
Muon shield Decay volume (Multi-layer tracker) Detector

Beam dump

e beam ——f)=

(Acceptance)
= (Probability of reaction with visible SM particles) X (Angular cut)

Visible decay # probability of heavy dark state decay
e~ recoil # probability of e —DI\/I elast|C scattermg

Kento ASAI (ICRR, Univ. of Tokyo) 5 Dump Experiment & New Physics Searc Serkeley Week @ go, UTokyo (Mar



Fx.) Pseudo-Dirac DM

Two-component Weyl fermion with nonzero dark U(1) charge

1
—L D mpné + —muy(n® + ) + He.
2 in low-energy theory
For mp > my > 0, DM mass eigenstates
1 1
X1 = \/5(77—5), X2 = \/5(77 §)

with masses my, , = mp F muy

DM-dark photon coupling is off-diagonal
JI =1ix27"x1 + H.c.
Inelastic DM
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Projected sensitivity
Fx.) Pseudo-Dirac DM (small mass splitting)

e~ beam dump et beam dump
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Projected sensitivity

Fx.) Pseudo-Dirac DM (small mass splitting)

e” beam dump
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Pair-annihilation production is important |4 = 3™x




Projected sensitivity ez

ap =0.1,ma = 3m,,

Fx.) Pseudo-Dirac DM (large mass splitting)

e~ beam dump et beam dump
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Projected sensitivity ez

Ex.) Pseudo-Dirac DM (large mass splitting) [@p =01 ma = my,

e~ beam-dumn et beam dump
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O ILC e* beam dump experiment has higher sensitivity to light
(S 1GeV) weakly-interacting particles than past beam dump
experiments

O ILC-BDX can probe interesting parameters of the sub-GeV DM
model, and can reach the relic target.

(O Although pair annihilation processes occur in both electron and
positron beam dumps, positron case is more sensitive to heavy
mass region because of primary et beam
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