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1. Introduction



“Hidden particles’” are hardly studied at the ILC

= An idea: Beam-dump experiment at the ILC (ILC-BD)

[Kanemura, TM & Tanabe ('15)]
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= Hidden particles may be produced and detected if a de-

tector is installed behind the dump

[Kanemura, TM & Tanabe ('15); Sakaki & Ueda ('21); Asai, TM & Niki ('21);
Asai, Iwamoto, Sakaki & Ueda ('21); Araki, Asai & Shimomura ('21)]



Dark photon search (assuming no SM background)
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Ngig = 1/year
N, =4 x 10%
Lgump = 11 m
Ly =50m
Lgec = 50m

[Kanemura, TM & Tanabe ('15)]

= ILC-BD can explore models which are currently viable



ILC beam dump: Target = H»,O

~ 4 x 10%! electrons and positrons are dumped per year

Figure 8.15 beam in
Temperature distri-
bution at the shower
maximum of the beam
in the main 18 MW
dump just after passage
of the beam train (left).
(The geometry of the
dump is also shown on
the right.) The colour
bar shows temperature
in kelvin; the maxi-
mum temperature is
155 *C [191].
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[ILC TDR vol. 3.1]]



2. Leptophilic Gauge Bosons



U(1)e—, or U(1).—r model

L3> gx(ey'te—y*0)X, (L =por7)
Dominant production processes of X,
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X, decays into charged lepton pair (as well as into vv)
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Cases with U(1).—, and U(1)._,
[Asai, TM & Niki ('21)]

10 " { —Epeam = 125 GeV
10% ]~ Ebeam =250 GeV
1 — Epeam = 500 GeV
10°
(=)
107
10°®
107
10

o [LC-BD can access parameter regions which have not
been explored vyet

e After the discovery, we may distinguish models if a good
particle identification is possible (see the next slide)



Decay pattern of hidden particle is model-dependent

o FX—>6+6_ o FX—>M+ILL_ o FX—>had
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R = R-ratio @ /s =my



With Ngigna = 10 in U(1).—, model (i.e., Neto- = Ny~ =5):

1.0

= Various models can be distinguished if Ngjgna IS Sizable



U(1),— model

L3 gx(py'pn—79"7)X,

+

Coupling to e* is via the loop-induced kinetic mixing

e Signal rate is suppressed when me, 2m,, because X dom-
inantly decays into rv

e The pair annihilation process (efe- — X) enlarges the
accessible region



Results for
[TM & Niki, in
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ILC BD, L, — L.

—=— ANg= 0.2 - 0.5 (cf. Hubble tension)
[Escudero et al. ('19)]
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o= Ngignal = 1/yr, Brems.

— Ngignai = 0.01/yr, Brems.

1072

1071

10°

Nsignal = 100/yr, Annihilation
Nsignal = 1/yr, Annihilation
Nsignal = 0.01/yr, Annihilation

= With e™ beam, accessible region is enlarged because of
the pair annihilation process

= Parameter region favored by the Hubble tension can be
accessed



U(1),— model: Dependence on the beam energy (preliminary)

ILCBD, L, — L+

—=— ANg= 0.2 - 0.5 (cf. Hubble tension)
[Escudero et al. ('19)]
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U(1),— model: Dependence on the shield length (preliminary)

ILCBD, L, — L,

—=— ANg¢= 0.2 - 0.5 (cf. Hubble tension)
[Escudero et al. ('19)]
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= Shorter shield is better



3. Summary



ILC beam dump experiment is an interesting possibility:

e Discovery of exotic particles

e Discrimination of the model behind the exotic particles
Discovery reaches depend on the design:

e Compact shield & large decay volume are preferred

e With e beam, eTe~ annihilation processes become avail-
able
[For ALPs, see Sakaki & Ueda ('21)]

e Good particle identification is desired to distinguish vari-
ous models



Backups



SM background (in particular, muons) should be removed
= Shield is necessary

One idea to remove the muon background (SHiP’s proposal)

e Carefully designed magnetic field to bend the muons away
e With the magnetic field of O(1T), Lg, ~ 50m is needed

Hidden Sector
decay volume 'I'

Spectrometer
=. Particle ID

Target/

hadron absorbe v, detector

ctive muon shield

[SHiP Technical Proposal 1504.04956]

= We assume that all the SM backgrounds can be removed



Dependence on the decay-volume size (dark photon case)
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= Longer Ly.. gives better discovery reach



Dependence on the shield length (dark photon case)
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= Shorter Lg, gives better discovery reach



Assuming 10 signal events:

o Left: U(l)e_u (N€+€— = 90, NM+M_ = 5)
o Right: U(1)c—r (Nete- =10, Nyt- =0)
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