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The International Linear Collider

ILC Epam = 125 GeV (= 250 GeV? — 500 GeV?)
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Image courtesy of ILC News Line


https://newsline.linearcollider.org/2012/08/23/heres-one-we-made-earlier/
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Beams are trashed after every* — Against SDGs!
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Image courtesy of ILC News Line


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

dump (H,0)  muon shield (Pb + Concrete)
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dump (H,0)  muon shield (Pb + Concrete)

"used" e* “

4

eEN/ete" scattering (N = water nucleons)

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

center-of-mass energy
Ecuv (=+s) #events cost

beam—-beam collision Higher less SSSSS Money for detector on|y!
fixed-target collision lower more
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https://arxiv.org/abs/1507.02809

dump (H,0)  muon shield (Pb + Concrete)

"'used" e* “

4

eEN/ete" scattering (N = water nucleons)

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

center-of-mass energy
Ecy (=Vs) #events cost

beam—-beam collision Higher less SSSSS Money for detector on|y!
fixed-target collision lower more

For Eycam = 125 GeV [throughout this talk] {

15GeV  (e*N)  _, gearches for

) — 2mE eam
om = V2mE, 0.36 GeV  (eFe) sub-GeV new particles
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https://arxiv.org/abs/1507.02809

muon shield

dump




dump muon shield




(1) Meta-stable, decaying into SM (and other) particles

dump muon shield detector
(e ;
< > >

TTm 70m 50m

Sakaki, Ueda [2009.13790]
Asai, Iwamoto, Sakaki, Ueda [2105.13768]

(2) Dark Matter DM detector

dump  muon shield (electron recoil)

<

50 m

Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]
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https://arxiv.org/abs/2009.13790
https://arxiv.org/abs/2105.13768
https://arxiv.org/abs/2301.03816

(1) Meta-stable, decaying into SM (and other) particles

muon shield detector

Still “Conceptual estimation”
Monte Carlo simulation

(for fundamental steps)
+

Analytic evaluation
with several approximations

50 m

Sakaki, Ueda [2009.13790]
Asai, lIwamoto, Sakaki, Ueda [2105.13768]

DM detector
(electron recoil)

b

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

To be done: Full Monte Carlo
(I need to find an easy/doable method...)
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(1) Meta-stable, decaying into SM (and other) particles

dump muon shield detector
(e ;
< > > >

TTm 70m 50m

Sakaki, Ueda [2009.13790]
Asai, Iwamoto, Sakaki, Ueda [2105.13768]

(2) Dark Matter DM detector

dump  muon shield (electron recoil)

<

50 m

Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]
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https://arxiv.org/abs/2105.13768
https://arxiv.org/abs/2301.03816

Typical DM Hypotheses

Benchmark Hypotheses:

Dark-photon mediator + > Scalar elastic DM m 1 GeV
P » Scalar inelastic DM (Mo < )

» Majorana DM
» pseudo-Dirac DM

- electron recoil

= DM signal.
(2) Dark Matter DM detector
muon shield (electron recoil)

dump

mn
-----------------------------------
\
-

<

50 m

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

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

Typical DM Hypotheses Asai, lwamoto, Perelstein, Sakaki, Ueda [2301.03816]

Benchmark Hypotheses:

Dark-photon mediator + * Scalar elastic DM (Mpy < 1 GeV)
» Scalar inelastic DM

» Majorana DM
» pseudo-Dirac DM

- electron recoil
= DM signal.

V.S.

> neutrinos: Beam oriented - background events

» neutrinos: Cosmic-ray oriented

18


https://arxiv.org/abs/2301.03816

Typical DM Hypotheses Asai, lwamoto, Perelstein, Sakaki, Ueda [2301.03816]

Benchmark Hypotheses:

Dark-photon mediator + *> Scalar elastic DM (Mpy < 1 GeV)
» Scalar inelastic DM
» Majorana DM by Ueda- & Asai-sans

» pseudo-Dirac DM
hard work e
= DM.gignal.

by Sakaki- & Ueda-sans

V.S.

>\ neutrinos: Beam oriented - background events

gy oriented
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https://arxiv.org/abs/2301.03816

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

Conclusion

B DM searches at ILC beam dump seems nice!

» cost/performance.

... a bit deeper on
“background”
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Important background : neutrinos from the beam-dumping. Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]

B Beam into water dump

- nheutrinos

~ background events. electron recoil by neutrinos \

ve —ve , ve —rve
m y-flux by Monte Carlo simulatio

Nuclear recoil by neutrinos : mis-ID
(PYTHIA 8.3 + PHITS 3.25)

ven — 0 p, Ugp — LT,

m FEvent selection: vp — vVp, Vp— Vp, Vn —Vvn, VUn—uvn,

— 0 = +,.. 0
Erecoil >1 GeV Pult g P Vb ponT

0 = _ 0
Vup — VupT, U,p — U,pm,

0 — — 0
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https://arxiv.org/abs/2301.03816

Important background : neutrinos from the beam-dumping. Asai, lIwamoto, Perelstein, Sakaki, Ueda [2301.03816]

B Beam into water dump

- neutrinos S s — W

- background events.

m y-flux by Monte Carlo simulation
(PYTHIA 8.3 + PHITS 3.25)

m Event selection:
Erecoil >1GeV

At detector position

1078 5
T W00l
+~
g 10~
°
S 10712
o~ 13
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= 107 .
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S8 1077 5
1916 ]
L-17 1 By = 125 GeV

1072 1072 107! 10° 101 102
Neutrino energy [GeV]
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Important background : neutrinos from the beam-dumping. Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]

B Beam into water dump
-> neutrinos

- background events.

m y-flux by Monte Carlo simulation

(PYTHIA 8.3 + PHITS 3.25)

m Event selection:
Erecoil >1 GeV

At detector position
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Important background : neutrinos from the beam-dumping. Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]

B Beam into water dump

> neutrinos | = = = - === === =p~17 ev/year

K baCkg“’ﬁ”d events. electron recoil by neutrinos \
/ ve —ve , ve —rve
m -flux by I\ﬂonte Carlo simulatj
(I'YTHIA 8.3 + PHITS 3.25) |

nuclear recoil by neutrinos : mis-ID

vn — 0 p, U — 00,
B Event selection: ; vVp — Vp, Vp—Vp, Vn — VN, Vn-—un,
oy U +,,0
v,n — T 14 — nm
Erecoil > 1 GeV I lu' p . ) ) up _,LL . 3
/ vy — V,pm, Uup — U,pm,
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https://arxiv.org/abs/2301.03816

Important background : neutrinos from the beam-dumping. Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]

- ~1 ev/year
200 /year electron recoil by neutrinos \
2000 /year ve —ve , ve —rve
% nuclear recoil by neutrinos : mis-ID

] vn — 0 p, U — 00,
mis-ID rate

vp — vVp, Vp— Vp, Vn —Vvn, VUn—uvn,
(given by detector design) \ > 1o, T

0 = _ 0
Vup — VupT, U,p — U,pm,

0 — — 0 /

-

+ detector noise + ...
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Background estimation summary

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

muon shield

dump

DM detector
(electron recoil)

® Neutrinos from dumped beam

» electron recoil

> nuclear recoil 2 mis-ID

§1 m)( /0m 8 o0 m g
~ 10 / 10 years
~ 20000 X mis-IDrate /10 years
/ 10 years

® Neutrinos from cosmic rays ~ O(10)

H Noise

~??
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https://arxiv.org/abs/2301.03816

Result (scalar elastic DM, electron beam dump vs positron beam dump) Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]
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(1) Meta-stable, decaying into SM (and other) particles

dump muon shield detector
(e ;
< > >

TTm 70m 50m

Sakaki, Ueda [2009.13790]
Asai, Iwamoto, Sakaki, Ueda [2105.13768]

(2) Dark Matter DM detector

dump  muon shield (electron recoil)

<

50 m

Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]
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if time allows...



(1) Meta-stable, decaying into SM (and other) particles

dump  Muon shield detector

{5y "
SMm : |

< > <€ > <€ parthIe£S

1T m 70m 50 m

Sakaki, Ueda [2009.13790]
Asai, Iwamoto, Sakaki, Ueda [2105.13768]

PV — <

dark photon —s [t~
axion-like particle — 11—, yy, ...
extra scalar boson — I*17, yy, ...
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axion-like particles (positron dump)
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