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Introduction
• Sub-GeV new particles with feeble coupling to the SM:

※ recoil energy is smaller than detection threshold 

⇒ Axion-like particles (ALPs), light SM-singlet scalars from generalized Higgs sectors, etc

- High energy sub-GeV particles can deposit enough energy in detector  

ILC beam dump experiment can produce high-intensity boosted new particle beams    

- High-intensity beam can produce many new particles with feeble coupling   

⇒ Dark matter

- escape direct detection in nuclear recoil search

- collider constraint is not severe because of feeble coupling

• We need high-intensity boosted new particle beams to detect such particles   
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• ILC is linear collider experiment using high energy electron and positron beams

Positron beam dump

Electron beam dump

Introduction

e+
Water

Beam dump

• Linear Collider Experiment ⇒ After beam collisions almost all beams are discarded in main 
beam dump ※ To avoid radiation contamination

ILC-250 ⇒ Energy in Lab frame: , Flux: 125 GeV 4 × 1021/year
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Nucleus

New particle  X
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The discarded beams can be converted into new particle beams
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We propose a new beam dump experiment at future colliders with electron (e−) and positron
(e+) beams, BDee, which will provide a new possibility to search for hidden particles, like hidden
photon. If a particle detector is installed behind the beam dump, it can detect the signal of in-flight
decay of the hidden particles produced by the scatterings of e± beams off materials for dumping.
We show that, compared to past experiments, BDee (in particular BDee at e

+
e
− linear collider)

significantly enlarges the parameter region where the signal of the hidden particle can be discovered.

High energy colliders with electron (e−) and positron
(e+) beams, such as the International Linear Collider
(ILC) [1], the Compact Linear Collider (CLIC) [2], and
Future Circular Collider with e+e− beams (FCC-ee) [3],
are widely appreciated as prominent candidates of future
experiments. One of the reasons is that, with the dis-
covery of Higgs boson at the LHC [4], detailed studies
of Higgs properties at e+e− colliders are now very im-
portant [5]. In addition, e+e− colliders have sensitivity
to new particles at TeV scale or below if they have elec-
troweak quantum numbers.
Although e+e− colliders have many advantages in

studying physics beyond the standard model (BSM), they
can hardly probe BSM particles whose interaction is very
weak. We call such particles hidden particles, which ap-
pear in various BSM models. For example, there may
exist a gauge symmetry other than those of the stan-
dard model (SM), as is often the case in string theory.
If the breaking scale of such a hidden gauge symmetry
is lower than the electroweak scale, the associated gauge
boson can be regarded as a hidden particle [6]. In string
theory, it has also been pointed out that there may exist
axion-like particles (ALPs) [7]; they are also candidates of
the hidden particle. Sterile neutrino is another example.
These particles interact very weakly with SM particles,
and are hardly accessed by studying e+e− collisions. If
e+e− colliders will be built in the future, it is desirable
to make it possible to study hidden particles as well.
In this letter, we discuss a possibility to detect hidden

particles at the e+e− facilities. We propose a beam dump
experiment at future e+e− colliders (BDee), in which the
beam after the e+e− collision is used for the beam dump
experiment. In particular, at the ILC and CLIC, the e±

beams will be dumped after each collision, which makes
a large number of e± available for the beam dump ex-
periment. Using the hidden photon, which is the gauge
boson associated with a (spontaneously broken) hidden
U(1) symmetry, as an example, we show that the BDee
can cover a parameter region which has not been explored
by past experiments.
Let us first summarize the basic setup of BDee. We

simply assume the current design of the beam dump sys-
tem of the ILC although one may consider other possi-
bilities. The main beam dumps of the ILC will consist
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FIG. 1: Schematic view of BDee. The electron (or positron)
beam is injected into the beam dump from the left.

of 1.8 m-diameter cylindrical stainless-steel high-pressure
(10 bar) water vessels [1]. The e± beams after passing
through the interaction point are injected into the dump,
which absorbs the energy of the electromagnetic shower
in 11 m of water. If there exists a hidden particle, like hid-
den photon, for example, it is produced by the e±-H2O
scattering process. In this letter, to make our discussion
concrete, we consider the case where the target is H2O,
although other materials may be used as a target. The
number of the hidden photon produced in the dump is
insensitive to the target material.
Our proposal is to install a particle detector behind

the dump, with which we can observe signals of hidden
particles produced in the dump. The schematic picture
of the setup of BDee is shown in Fig. 1. The decay vol-
ume is a vacuum vessel with the length of Ldec; the signal
of the hidden particle is detected if the hidden particle
decays into (visible) SM particles in the decay volume.
A tracking detector is used to detect the hidden parti-
cle decaying into a pair of charged particles. Additional
detectors such as calorimeters and muon detectors may
be installed to enrich the physics case. As well as the
hidden particles, charged particles are also produced in
the dump; rejection of those particles is essential to sup-
press backgrounds. In particular, a significant amount of
muons are produced, as we will discuss in the following.
Thus, we expect to install shields and veto counters be-
tween the dump and the decay volume. Additional veto
counters surrounding the detector serve to reject cosmic
rays.
To see the sensitivity of BDee, we consider a model

 X

[S. Kanemura, T. Moroi, T. Tanabe. arXiv:1507.02809]
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FIG. 2: Contours of constant Nsig on the mX vs. ε plane
for Ebeam = 250 (red), 500 (blue), and 1500 GeV (green),
taking Ne = 4 × 1021, Ldump = 11 m, Lsh = 50 m, and
Ldec = 50 m. The dotted, solid, short-dashed, and long-
dashed lines correspond to Nsig = 10−2, 1, 102, and 104,
respectively. The gray-shaded regions are already excluded by
past beam dump experiments [10] (light-gray) or supernova
bounds [14] (dark-gray), while SHiP experiment, if approved,
will cover the yellow-shaded one [15].

Finally, we compare BDee with another possible hid-
den particle search in the future, SHiP experiment [16].
The expected discovery reach of SHiP is also shown in
Fig. 2 for the hidden photon model. We can see that, if
approved, SHiP will also cover the parameter region on
which BDee has a sensitivity. It should be noted that
SHiP is a fixed target experiment with proton beam, so

the fundamental processes producing hidden particles are
different. If signals of a hidden particle are discovered,
discrimination of various possibilities of hidden particles
may become possible by combining the results of BDee
and SHiP.

In summary, given the fact that a large number of e±

will become available for beam dump experiment once
e+e− collider starts its operation, we propose to install
a particle detector behind its dump. Using the hidden
photon model as an example, we have shown that the
beam dump experiment at e+e− colliders, BDee, signif-
icantly enlarges the discovery reach of hidden particles.
To understand the potential of BDee, case studies for
other hidden particles, like ALPs and sterile neutrinos,
should be performed. In doing so, the full capabilities
of the machine, such as the use of positrons which yield
annihilation processes, and, in the case of linear colliders,
the use of beam polarization, should be explored. In ad-
dition, the discovery reach depends on the detail of the
configurations of detectors and shields. As we have dis-
cussed, the muons produced in the dump are potential
serious background and hence careful designs of detectors
and shields are needed. These issues will be discussed
elsewhere [17]. BDee will provide a new possibility to
probe hidden particles, and hence is worth being consid-
ered seriously as an important addition to future e+e−

facilities.
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With ILC 1 year statistics

Nsig = 1

ILC beam dump experiment has higher sensitivity than past beam dump experiments

1500
500
250

Ebeam [GeV]

Visible decay

• Using the main beam dump, fixed-target experiments were proposed

Introduction



Introduction
• Visibly-decaying particle search using ILC main beam dump have been studied

※ : dark photon, ALPs, light scalar,…X

• When  has a coupling with DMs, Invisibly-decay can takes placeX
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We propose a new beam dump experiment at future colliders with electron (e−) and positron
(e+) beams, BDee, which will provide a new possibility to search for hidden particles, like hidden
photon. If a particle detector is installed behind the beam dump, it can detect the signal of in-flight
decay of the hidden particles produced by the scatterings of e± beams off materials for dumping.
We show that, compared to past experiments, BDee (in particular BDee at e

+
e
− linear collider)

significantly enlarges the parameter region where the signal of the hidden particle can be discovered.

High energy colliders with electron (e−) and positron
(e+) beams, such as the International Linear Collider
(ILC) [1], the Compact Linear Collider (CLIC) [2], and
Future Circular Collider with e+e− beams (FCC-ee) [3],
are widely appreciated as prominent candidates of future
experiments. One of the reasons is that, with the dis-
covery of Higgs boson at the LHC [4], detailed studies
of Higgs properties at e+e− colliders are now very im-
portant [5]. In addition, e+e− colliders have sensitivity
to new particles at TeV scale or below if they have elec-
troweak quantum numbers.
Although e+e− colliders have many advantages in

studying physics beyond the standard model (BSM), they
can hardly probe BSM particles whose interaction is very
weak. We call such particles hidden particles, which ap-
pear in various BSM models. For example, there may
exist a gauge symmetry other than those of the stan-
dard model (SM), as is often the case in string theory.
If the breaking scale of such a hidden gauge symmetry
is lower than the electroweak scale, the associated gauge
boson can be regarded as a hidden particle [6]. In string
theory, it has also been pointed out that there may exist
axion-like particles (ALPs) [7]; they are also candidates of
the hidden particle. Sterile neutrino is another example.
These particles interact very weakly with SM particles,
and are hardly accessed by studying e+e− collisions. If
e+e− colliders will be built in the future, it is desirable
to make it possible to study hidden particles as well.
In this letter, we discuss a possibility to detect hidden

particles at the e+e− facilities. We propose a beam dump
experiment at future e+e− colliders (BDee), in which the
beam after the e+e− collision is used for the beam dump
experiment. In particular, at the ILC and CLIC, the e±

beams will be dumped after each collision, which makes
a large number of e± available for the beam dump ex-
periment. Using the hidden photon, which is the gauge
boson associated with a (spontaneously broken) hidden
U(1) symmetry, as an example, we show that the BDee
can cover a parameter region which has not been explored
by past experiments.
Let us first summarize the basic setup of BDee. We

simply assume the current design of the beam dump sys-
tem of the ILC although one may consider other possi-
bilities. The main beam dumps of the ILC will consist
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FIG. 1: Schematic view of BDee. The electron (or positron)
beam is injected into the beam dump from the left.

of 1.8 m-diameter cylindrical stainless-steel high-pressure
(10 bar) water vessels [1]. The e± beams after passing
through the interaction point are injected into the dump,
which absorbs the energy of the electromagnetic shower
in 11 m of water. If there exists a hidden particle, like hid-
den photon, for example, it is produced by the e±-H2O
scattering process. In this letter, to make our discussion
concrete, we consider the case where the target is H2O,
although other materials may be used as a target. The
number of the hidden photon produced in the dump is
insensitive to the target material.
Our proposal is to install a particle detector behind

the dump, with which we can observe signals of hidden
particles produced in the dump. The schematic picture
of the setup of BDee is shown in Fig. 1. The decay vol-
ume is a vacuum vessel with the length of Ldec; the signal
of the hidden particle is detected if the hidden particle
decays into (visible) SM particles in the decay volume.
A tracking detector is used to detect the hidden parti-
cle decaying into a pair of charged particles. Additional
detectors such as calorimeters and muon detectors may
be installed to enrich the physics case. As well as the
hidden particles, charged particles are also produced in
the dump; rejection of those particles is essential to sup-
press backgrounds. In particular, a significant amount of
muons are produced, as we will discuss in the following.
Thus, we expect to install shields and veto counters be-
tween the dump and the decay volume. Additional veto
counters surrounding the detector serve to reject cosmic
rays.
To see the sensitivity of BDee, we consider a model

 X

Visible decay

 X SM 

particles

 X DM 

particles

Invisible decay

How about sensitivity of ILC beam dump experiment to DM particles?

[S. Kanemura, T. Moroi, T. Tanabe. arXiv:1507.02809, Y. Sakaki, DU. arXiv:2009.13790,…]



Introduction

How about sensitivity of ILC-BDX experiment to DM particles?

• BDX experiment planned at JLAB is similar to ILC beam dump setup 

Main Beam Dump Experiments
• ILC Main Beam Dump: 125 GeV e-/e+ beams, 4*10^21 EOT/POT/year 


• A’ production in the dump (brem + Assoc/Res production with e+ beam)


• Prompt invisible decay to pair of DM particles, boosted along the beam axis 

• Setup similar to BDX experiment 
planned at JLAB, with similar 
statistics, ~12x beam energy, and 
positron beam available


• A cavern with access from main ILC 
linac tunnel seems feasible in terms 
of costs and engineering.
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FIG. 1: Schematic experimental setup. A high-intensity
multi-GeV electron beam impinging on a beam dump pro-
duces a secondary beam of dark sector states. In the basic
setup, a small detector is placed downstream so that muons
and energetic neutrons are entirely ranged out. In the con-
crete example we consider, a scintillator detector is used to
study quasi-elastic �-nucleon scattering at momentum trans-
fers �> 140 MeV, well above radiological backgrounds, slow
neutrons, and noise. To improve sensitivity, additional shield-
ing or vetoes can be used to actively reduce cosmogenic and
other environmental backgrounds.

.

A0a)

Z

e�

e�

�

�

p, n
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Z

� �

FIG. 2: a) ��̄ pair production in electron-nucleus collisions
via the Cabibbo-Parisi radiative process (with A0 on- or o�-
shell) and b) � scattering o� a detector nucleus and liberating
a constituent nucleon. For the momentum transfers of inter-
est, the incoming � resolves the nuclear substructure, so the
typical reaction is quasi-elastic and nucleons will be ejected.

Figure 3: Schematic of the experimental setup. A high-intensity multi-GeV electron
beam impinging on a beam-dump produces a secondary beam of dark sector states. In
the basic setup, a small detector is placed downstream with respect to the beam-dump
so that muons and energetic neutrons are entirely ranged out.

e↵orts to search for dark photons independently of their connection to dark matter,
the success of these e↵orts relies on the assumption that the A

0 is the lightest particle
in its sector and that its primary decay channel only depends on ✏. Furthermore, if
the A

0 decays predominantly to SM particles, this explanation of the (g�2)µ anomaly
has been ruled out (see discussion in Sec. 5).

If, however, the A
0 couples to a light DM particle � (mA0 > m�), then the pa-

rameter space for reconciling theory and experiment with regard to (g � 2)µ remains
viable. For large values of ↵D, this explanation of the anomaly is under significant
tension with existing constraints, but for ↵D ⌧ ↵EM this explanation is still viable
and most of the remaining territory can be tested with BDX@JLab (see discussion in
Sec. 5).

In the remainder of this section, we review the salient features of LDM production
at an electron fixed-target facility. Secondly, we give an overview of the status of LDM
models parameter space, and the capabilities of present, and near future proposals
to make progress in the field. Finally, we highlight how BDX uniquely fits in this
developing field.

14

Figure: BDX, 1607.01390
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• Electron recoil events are detectable in EM calorimeter

• ILC beam dump experiment have similar statics and higher beam energy

⇒ More DMs are produced because of larger amount of electromagnetic showers

[BDX, arXiv:1607.01390]

※ BDX: EOT /year,  , ILC: EOT /year,  = 1022 Ebeam = 11 GeV = 4 × 1021 Ebeam = 125 GeV



ILC-BDX setup
・We adopted the same setup as [Y. Sakaki, DU. arXiv:2009.13790, K. Asai, S. Iwamoto, Y. Sakaki, DU. arXiv:2105.13768]
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- Installing cheap muon lead shield was proposed ⇒ reduce background 
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Dark photon Two fermion DM with mass  and   m1 m2
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• Beam related background:
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※ neutron, muon,.. are removed by muon lead shield

- neutrinos are produced by decay of pion, muon,… in beam dump
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Ex. ,…π+ → μ+ + νμ, μ+ → ν̄μ + e+ + νe

Electron recoil by neutrinos is BG ν
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• Beam related background:

Beam dump
Muon shield Decay volume Detector
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• Beam unrelated background:
Background

Detector
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1 m

cosmic ray

Cosmic muon: strong penetration power ⇒ reach detector

ground surface

100 m

- reduction of cosmic muon by veto

muon veto

- cosmic muon BG is reduced by time window because of ILC pulsed beam

Time

1312 bunches 1312 bunches

0.73 ms

200 ms

100 ns

- cosmic ray(muon, neutron,…) can be background events

~600 ns

NBG
cos ∼ ( muon flux

10−3 cm−2 ⋅ s−1 ) ( area
1002 cm2 ) ( runing time

1 year ) ( BG per muon for Eth > 1 GeV
10−5 ) ( bunch

1312 ) ( 200 ms
Period of bunch ) ( time window

100 ns ) × ϵveto < 𝒪(1)

Cosmic muon BG above threshold BG reduction by time window ~  10−3

Beam unrelated BG can be reduced by time window and veto 

Signal event arises from this time window

We impose time window = 100 ns
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two order of magnitude 
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events ∼ (Track length of e+)/(Track length of e−) ∼ 105
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• Primary positron beams produce new particles by pair-annihilation process, and 
positron beam dump experiment have better performance

• We performed a feasibility study by using a bench mark models: complex scalar 
DM and inelastic fermion DM

Summary

• In complex scalar DM model, ILC-BDX experiment has slightly better 
performance around 0.1 GeV than LDMX experiment 

• In inelastic fermion DM model, ILC-BDX experiment has much better performance 
than future fixed-target experiment by visible decay signal


