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The International Linear Collider

ILC

e−

e+

Image courtesy of ILC News Line
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https://newsline.linearcollider.org/2012/08/23/heres-one-we-made-earlier/


main beam dumps

→ Against SDGs!
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ILC

e−

e+

Beams are trashed after every           . 

Image courtesy of ILC News Line

https://newsline.linearcollider.org/2012/08/23/heres-one-we-made-earlier/


ILC
dump (H2O) muon shield（Pb + Concrete)

"used" e±
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Utilizable as a fixed-target experiment  @ ILC beam dump !
Kanemura, Moroi, Tanabe [1507.02809]

e± N / e± e− scattering (N = water nucleons)
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For Ebeam = 125 GeV [throughout this talk]

→ Searches for
sub-GeV new particles
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dump (H2O) muon shield（Pb + Concrete)

"used" e±
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#events cost
beam–beam collision Higher less $$$$$

fixed-target collision lower more $$
Money for detector only!

https://arxiv.org/abs/1507.02809


Utilizable as a fixed-target experiment  @ ILC beam dump !
Kanemura, Moroi, Tanabe [1507.02809]
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dump (H2O) muon shield（Pb + Concrete)

"used" e±
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#events cost
beam–beam collision Higher less $$$$$

fixed-target collision lower more $$
Money for detector only!

https://arxiv.org/abs/1507.02809


dump muon shield

70 m11 m
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dump muon shield

70 m11 m
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sub-GeV new particle?



dump muon shield detector

50 m70 m11 m

2 m
SM particle(s)

Sakaki, Ueda [2009.13790]
Asai, Iwamoto, Sakaki, Ueda [2105.13768]
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(1) Meta-stable, decaying into SM (and other) particles

dump muon shield
DM detector

(electron recoil)

50 m

2 m

Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]

(2) Dark Matter

https://arxiv.org/abs/2009.13790
https://arxiv.org/abs/2105.13768
https://arxiv.org/abs/2301.03816


dump muon shield detector

50 m70 m11 m

2 m
SM particle(s)

Sakaki, Ueda [2009.13790]
Asai, Iwamoto, Sakaki, Ueda [2105.13768]
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(1) Meta-stable, decaying into SM (and other) particles

dump muon shield
DM detector

(electron recoil)

50 m

2 m

Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]

(2) Dark Matter

Still “Conceptual estimation”
Monte Carlo simulation

(for fundamental steps)
+

Analytic evaluation
with several approximations

To be done: Full Monte Carlo
(I need to find an easy/doable method…)

https://arxiv.org/abs/2009.13790
https://arxiv.org/abs/2105.13768
https://arxiv.org/abs/2301.03816
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dump muon shield detector

50 m70 m11 m

2 m
SM particle(s)

Sakaki, Ueda [2009.13790]
Asai, Iwamoto, Sakaki, Ueda [2105.13768]
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(1) Meta-stable, decaying into SM (and other) particles

dump muon shield
DM detector

(electron recoil)

50 m

2 m

Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]

(2) Dark Matter

https://arxiv.org/abs/2009.13790
https://arxiv.org/abs/2105.13768
https://arxiv.org/abs/2301.03816
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Typical DM Hypotheses

dump muon shield
DM detector

(electron recoil)

50 m

2 m

Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]

(2) Dark Matter

ØScalar elastic DM
ØScalar inelastic DM
ØMajorana DM
Ø pseudo-Dirac DM

Benchmark Hypotheses:

Dark-photon mediator + (mDM < 1 GeV)

à electron recoil
= DM signal.

https://arxiv.org/abs/2301.03816
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Result (scalar elastic DM, positron beam dump)

<latexit sha1_base64="eCqx8Sa7/us/7aCRRph6HqUxGnw=">AAACD3icfY/LSsNAGIUn9VbjLerSTbCIVWxJxMtKqBdEocVqr9BJw2Q6TYdOLiQTSyl9CNc+iDsRXPkIPoJbfQETjYtW8Sx+Dt9//mGO4TLqc0V5FRITk1PTM8lZcW5+YXFJWl6p+k7gYVLBDnO8uoF8wqhNKpxyRuquR5BlMFIzuqfRvnZLPJ86dpn3XaJZyLRpm2LEQ6RLGrQQ72DE5DzsDajNh0cZSKlswp58Jh9v6tAKICNtnoa4Q5vb0EUep4g1Ix6STDTGYRjzqNnhW7qUUrLKl+TfRo1NCsQq6tI9bDk4sIjNMUO+31AVl2uD6HnMyFCEgU9chLvIJINCv8RoaxQ2bgo7+YL2szt3wkLixligVL6s/x +5+isjhm3U8b//NtXdrHqQ3b/eS+VO4l5JsAbWQRqo4BDkwAUoggrA4Bm8gXfwIdwJD8Kj8PQdTQjxzSoYkfDyCQ3umgo=</latexit>ℒint = −i𝑔D𝐴′𝜇 (𝜒∗𝜕𝜇𝜒 − 𝜒𝜕𝜇𝜒∗)
<latexit sha1_base64="HOG8gQ9k4eVsz9P92ICWmibmVs8=">AAAB1XicSyrIySwuMTC4ycjEzMLKxs7BycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSamJuUkxqelO0Mkg8vSy0qzszPCympLEiNzU1Mz8tMy0xOLAEKxQsoq8Uk5hRkJMaUK7jYGuiZ6sTEcKnlxlc7qtfaGufGlFe7+NYCVRnoGYCBAibDEMpQZoCCgHiB2TEp+cmlual5Jck5icXF0YYGBSWx1YlFJZnJOam1XDGlxakFicnZiemp1b6VwTmZKaiC0UG+Oj6+sTA5t/y8klouVTQFwSGeEfiV+GNTwwX0jSG62zEZYUZ6hmZ6poEmyg5OUH9xMEgzKDFoMBgymDM4MHgwBDCEMiQzdDKsZ9jBsJMxnLGWsYWxDaKUiRGqR5gBBTD2AwD4l4CC</latexit>𝛼D = 0.5,𝑚𝐴′ = 3𝑚DM
#(signal events) = 1000

100
10
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Typical DM Hypotheses

ØScalar elastic DM
ØScalar inelastic DM
ØMajorana DM
Ø pseudo-Dirac DM

Benchmark Hypotheses:

Dark-photon mediator + (mDM < 1 GeV)

à electron recoil
= DM signal.

v.s.

à background eventsØ neutrinos: Beam oriented

Ø neutrinos: Cosmic-ray oriented

Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]
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https://arxiv.org/abs/2301.03816


Typical DM Hypotheses

ØScalar elastic DM
ØScalar inelastic DM
ØMajorana DM
Ø pseudo-Dirac DM

Benchmark Hypotheses:

Dark-photon mediator + (mDM < 1 GeV)

à electron recoil
= DM signal.

v.s.

à background eventsØ neutrinos: Beam oriented

Ø neutrinos: Cosmic-ray oriented

hard work
by Sakaki- & Ueda-sans

by Ueda- & Asai-sans

Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]
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https://arxiv.org/abs/2301.03816
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Result (scalar elastic DM, electron beam dump vs positron beam dump) Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]

https://arxiv.org/abs/2301.03816


n DM searches at ILC beam dump seems nice!
Ø cost/performance.
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Conclusion

… a bit deeper on
“background”



n Beam into water dump
à neutrinos
à background events.

n ν-flux by Monte Carlo simulation
(PYTHIA 8.3 + PHITS 3.25)

n Event selection:
Erecoil > 1 GeV
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Important background : neutrinos from the beam-dumping. ν

electron recoil by neutrinos

Nuclear recoil by neutrinos : mis-ID

Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]

https://arxiv.org/abs/2301.03816


n Beam into water dump
à neutrinos
à background events.

n ν-flux by Monte Carlo simulation
(PYTHIA 8.3 + PHITS 3.25)

n Event selection:
Erecoil > 1 GeV
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Important background : neutrinos from the beam-dumping. Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]

https://arxiv.org/abs/2301.03816


n Beam into water dump
à neutrinos
à background events.

n ν-flux by Monte Carlo simulation
(PYTHIA 8.3 + PHITS 3.25)

n Event selection:
Erecoil > 1 GeV
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Important background : neutrinos from the beam-dumping.
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n Beam into water dump
à neutrinos
à background events.

n ν-flux by Monte Carlo simulation
(PYTHIA 8.3 + PHITS 3.25)

n Event selection:
Erecoil > 1 GeV
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Important background : neutrinos from the beam-dumping.

~1 ev/year

electron recoil by neutrinos

nuclear recoil by neutrinos : mis-ID

Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]

https://arxiv.org/abs/2301.03816
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Important background : neutrinos from the beam-dumping.

~1 ev/year

electron recoil by neutrinos

nuclear recoil by neutrinos : mis-ID

(given by detector design)

Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]

+ detector noise + …

200 /year

2000 /year

×
mis-ID rate

https://arxiv.org/abs/2301.03816


nNeutrinos from dumped beam
Ø electron recoil ~ 10 / 10 years
Ø nuclear recoil à mis-ID ~ 20000 ×mis-ID rate / 10 years

nNeutrinos from cosmic rays ~ O(10) / 10 years
nNoise ~ ??

/2927

Background estimation summary Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]

70 m11 m

dump muon shield
DM detector

(electron recoil)

50 m

https://arxiv.org/abs/2301.03816
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Result (scalar elastic DM, electron beam dump vs positron beam dump)

1000
100

10
(signal within 10 years)

Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]

https://arxiv.org/abs/2301.03816


dump muon shield detector

50 m70 m11 m

2 m
SM particle(s)

Sakaki, Ueda [2009.13790]
Asai, Iwamoto, Sakaki, Ueda [2105.13768]
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(1) Meta-stable, decaying into SM (and other) particles

dump muon shield
DM detector

(electron recoil)

50 m

2 m

Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]

(2) Dark Matter

https://arxiv.org/abs/2009.13790
https://arxiv.org/abs/2105.13768
https://arxiv.org/abs/2301.03816
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if time allows…



dump muon shield detector

50 m70 m11 m

2 m
SM particle(s)

Sakaki, Ueda [2009.13790]
Asai, Iwamoto, Sakaki, Ueda [2105.13768]
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(1) Meta-stable, decaying into SM (and other) particles

<latexit sha1_base64="8eKDHyDZtosJYJZKprafAScPpJg="></latexit>

dark photon ⟶𝑙+𝑙−
axion-like particle ⟶𝑙+𝑙−, 𝛾𝛾, …
extra scalar boson ⟶𝑙+𝑙−, 𝛾𝛾, …

https://arxiv.org/abs/2009.13790
https://arxiv.org/abs/2105.13768
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Bremsstrahlung

Pair annihilation
Primakoff
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ILC-250
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Bremsstrahlung

Pair annihilation

SN
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Past beam dump

ILC-250

[prospect]

[excluded]

dark photon (positron dump)axion-like particles (positron dump)
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