Physics potential of beam dump
experiments at future accelerators

Corfu Workshop on Future Accelerators
25 May 2024

Daiki Ueda (Technion)



Introduction

- Unsolved problems, e.g., neutrino mass, hierarchy problem, and dark matter(DM), remain in the SM



Introduction

- Unsolved problems, e.g., neutrino mass, hierarchy problem, and dark matter(DM), remain in the SM

- A simple extension of the SM: add dark sector comprising new SM gauge singlet states to SM sector

SM particles | SM sector



Introduction

- Unsolved problems, e.g., neutrino mass, hierarchy problem, and dark matter(DM), remain in the SM

- A simple extension of the SM: add dark sector comprising new SM gauge singlet states to SM sector

SM particles | SM sector

Dark

varticles Dark sector



Introduction

- Unsolved problems, e.g., neutrino mass, hierarchy problem, and dark matter(DM), remain in the SM

- A simple extension of the SM: add dark sector comprising new SM gauge singlet states to SM sector

EXx. renormalizable interaction b/w SM and dark sector

_ _ €
SM particles SM sector gge_cétor portal — y B, hypercharge field strength, 7, U(1)'filed strength
Dark
varticles Dark sector




Introduction

- Unsolved problems, e.g., neutrino mass, hierarchy problem, and dark matter(DM), remain in the SM

- A simple extension of the SM: add dark sector comprising new SM gauge singlet states to SM sector

EXx. renormalizable interaction b/w SM and dark sector

€
] d=4 . / / -
SM particles SM sector ‘S/pvector portal = y B, hypercharge field strength, F U(1)"filed strength

A
: pd=3,4 = —HTH(AS+AS?)  HSMHiggs field, S SM singlet scalar field

Dark
Dark sector

scalar portal




Introduction

- Unsolved problems, e.g., neutrino mass, hierarchy problem, and dark matter(DM), remain in the SM

- A simple extension of the SM: add dark sector comprising new SM gauge singlet states to SM sector

SM particles | SM sector

Dark
particles

Dark sector

EXx. renormalizable interaction b/w SM and dark sector

€
d=4 e . / ) =
gvector portal — y B, hypercharge field strength, /-, U(1)’ filed strength

3?;?;? ol = ™ HTH(AS+AS?)  HSMHiggs field, S SM singlet scalar field

d=4
‘S/pneutrino portal L SM lepton field, N SM singlet fermion field




Introduction

- Unsolved problems, e.g., neutrino mass, hierarchy problem, and dark matter(DM), remain in the SM

- A simple extension of the SM: add dark sector comprising new SM gauge singlet states to SM sector

EXx. renormalizable interaction b/w SM and dark sector

€
] d=4 . / / -
SM particles SM sector ‘S/pvector portal = y B, hypercharge field strength, F U(1)"filed strength

A
: pd=3,4 = —HTH(AS+AS?)  HSMHiggs field, S SM singlet scalar field

scalar portal

Dark

Dark sector gg;ftrino portal — L SM lepton field, N SM singlet fermion field

particles

[See Sebastian Trojanowski’s, Bhupal Dev’s, and Vedran Brdar’s slide]



Introduction

- Unsolved problems, e.g., neutrino mass, hierarchy problem, and dark matter(DM), remain in the SM

- A simple extension of the SM: add dark sector comprising new SM gauge singlet states to SM sector

EXx. renormalizable interaction b/w SM and dark sector

€
] d=4 —_— . / / -
SM particles SM sector ‘S/pvector portal — y B, hypercharge field strength, F/ U(1)'filed strength

A
: pd=3,4 = —HTH(AS+AS?)  HSMHiggs field, S SM singlet scalar field

scalar portal

Dark

Dark sector gﬁzﬁrmo portal — L SM lepton field, NV SM singlet fermion field

particles

[See Sebastian Trojanowski’s, Bhupal Dev’s, and Vedran Brdar’s slide]

Neutrino portal can yield neutrino mass

Higgs portal, e.g., Twin Higgs models, can solve hierarchy problem



Introduction

- Unsolved problems, e.g., neutrino mass, hierarchy problem, and dark matter(DM), remain in the SM

- A simple extension of the SM: add dark sector comprising new SM gauge singlet states to SM sector

EXx. renormalizable interaction b/w SM and dark sector

€
] d=4 . / / -
SM particles SM sector ‘S/pvector portal = y B, hypercharge field strength, F U(1)"filed strength

A
: pd=3,4 = —HTH(AS+AS?)  HSMHiggs field, S SM singlet scalar field

scalar portal

Dark sector gg;ftrino portal — L SM lepton field, NV SM singlet fermion field

[See Sebastian Trojanowski’s, Bhupal Dev’s, and Vedran Brdar’s slide]
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Higgs portal, e.g., Twin Higgs models, can solve hierarchy problem

Dark sector potentially includes DM candidates
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[attractive features of thermal DM]
- Freeze-out mechanism can yield DM abundance = DM-SM reaction cross section can be large

- Viable DM mass range is limited = Thermal mass window (~1 MeV to ~100 TeV)

Target of experiment

~1 MeV ~1 GeV ~100 TeV
Effective number of DM annihilation cross section
relativistic species violates unitarity

Thermal DM scenario provides target of experiment
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Sub-GeV dark matter

~ 1 MeV ~1 GeV ~100 TeV

DM mass scale

Sub-GeV Target of collider and direct detection experiments

% High center of mass energy, and nucleon recoil detection threshold

- Sub-GeV DM is also a DM candidate but is feebly coupled with SM particles

- Benchmark model(vector portal): & D GBALJSM — 8pA, Xv"x A’ dark photon, y: DM, J¥, : SM EM current

DM annihilation cross section, e.g., for ZmX < My
A’ > 2 2 2 )
ce (ov), & y/m; with y = egp (m%/mA,)

oM

For a fixed (ov), . y becomes smaller(feebly coupled) when m, gets smaller

Hight intensity experiments are needed to search for Sub-GeV dark states
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Beam dump(fixed-target) experiment

- Beam dump experiments are high-intensity experiments and are sensitive to Sub-GeV particles

- three components of beam dump experiment:

Beam particle Beam dump(fixed-target) Dark State(DS) Detector

-------- ).

Detect signature of DS

e.g., electron, proton, and muon

(nucleon, electron, etc)

Dark states(DS) may be produced

[My talk’s focus]

Detection of dark state signatures produced by beam-target collision



Outline

- Key features of beam dump experiment
+ A classification of beam dump experiment

- Sensitivity of beam dump experiments at future accelerators

- Summary
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[Center of mass energy]
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where My, is mass of beam particle, my,,...; is mass of target particle, and £y, is beam energy

- Center of mass energy is smaller than collider energy scale, but Sub-GeV dark particle productions

are kinematically allowed

EX. Beam = electron (my.,,, = 0.5 MeV), target = nucleon (Mygrger = 1 GeV), Epepy = 10 GeV

_ 2 2 N
\/E — \/mbeam T Miarget T 2Ebeammtarget ~ 5 GeV

Boosted Sub-GeV particles can be produced in beam dump
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- Beam dump experiment is high luminosity frontier

(# of produced DS) = (DS production cross section [LZ2])
Integrated luminosity

x|(Beam flux [T-1])x (Operation time [T]) x (# density of target [L-3]) x (Track length [L])

Beam particle Beam dump (fixed-target)

(Track length)= — + — + —

Ex. Target = Iron, # of injected proton beam = 1070

(Proton luminosity) ~ 90 ab~! for track length of 10 cm(nuclear collision length)

% Luminosity becomes higher for thick targets

Beam dump experiment has high luminosity and is sensitive to feeble coupling DS

% This feature is determined only by beam and target properties
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- Beam dump experiment can run in parallel with accelerator experiments

- EX. current and past experiments:

MiniBooNE, LSND, CHARM, COHERENT Csl, CCM120 = parasitic running of neutrino experiment

Ex. MiniBooNE experiment

Dark State
proton accelerator

|
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i
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(beam dump) Neutrino detector

proton beam

Beam dump experiments can use accelerator facilities of neutrino experiments
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Beam dump experiments can be parasitic runnings of accelerator experiments

= beam dump experiments will be conducted at future accelerators

NA48-CHOD
CHOD

[2312.12055]
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Beam dump experiments at future accelerators

Ex. ILC-BDX = parasitic running of International Linear Collider(ILC) experiment

Fig. from Kaoru Yokoya
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Beam dump experiments at future accelerators

Ex. ILC-BDX = parasitic running of International Linear Collider(ILC) experiment
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- SHIP has been approved recently by CERN and will start to explore in 2031 in the North Area’s ECN3 hall

- LDMX@eSPS, HIKE, SHADOWS, etc are proposed at CERN

Beam dump experiments will run in parallel with future accelerator facilities
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« (Length of detector)x(ce)’

High flux beam, near* and large detectors are suited for recoll search



Recoil search (1)

- Typical setup:

Beam dump(fixed-target)

———————

(DS outside this pink region cannot reach detector)

Detector

Electron beam

€ }/*%

Nucleus

Atomic electron

4 Vector A’
meson

Nucleus

X X

A"
SM SM
ce

SM: electron, nucleon, etc

Vector meson decay

% overlooked in many works

Bremsstrahlung process  Pair-annihilation process SM particle recoil

- # of detected DS signature (signal events): Acceptance

~ (# of produced DS) x |(Probability DS reaches detector) x (Probability DS is detected)

= (height of detector)?2
x (length b/w beam dump and detector)-2

< (Beam flux)x(ce)’ « (Length of detector)x(ce)’

High flux beam, near* and large detectors are suited for recoll search

% Detector cannot be too near because large beam dump or shield is needed to reduce beam-induced BG



Visible decay search (1)

* Typical setup:
Beam dump(fixed-target) Detector/Decay volume
= - -




Visible decay search (1)

* Typical setup:
Beam dump(fixed-target) Detector/Decay volume
= - -

Benchmark model: &£ O ce A JE~ where A"z Dark photon, and J£ : SM EM current



Visible decay search (1)
+ Typical setup:

Detector/Decay volume

Beam dump(fixed-target)

EX A
ee €+ A’ Y ee A’\
---’./vv :
Electron beam € . e o Vector
}/ meson
Nucleus
Atomic electron Nucleus
Bremsstrahlung process  Pair-annihilation process Vector meson decay
EX
/ —_
0 e A q A’
T,n 4
Proton beam — P i p ce
A/ Nucleus
q

Meson decay Bremsstrahlung process Parton-level process

Benchmark model: &£ D ce A Jin, Where A’ Dark photon, and J£, : SM EM current



Visible decay search (1)
+ Typical setup:

Beam dump(fixed-target) Detector/Decay volume

= A’ Al tor my <Z2m, gy
+ Y A’ X
ee € A’ ee \
- AL
Electron beam € . e o Vector
}/ meson
Nucleus
Atomic electron Nucleus SM
Bremsstrahlung process  Pair-annihilation process V?g}e%o@ﬁ?r%qy%&ay Visible decay
EX
/ —
0 e A q A’
T,n Y
Proton beam — P i p ce
A/ Nucleus
q
Meson decay Bremsstrahlung process Parton-level process

Benchmark model: &£ D ce A Jin, Where A’ Dark photon, and J£, : SM EM current



Visible decay search (2)

- Typical setup:

Beam dump(fixed-target)

Electron beam ce

Atomic electron

Bremsstrahlung process  Pair-annihilation process

4 ce A’

Vector
meson

Nucleus

Vector meson decay

% overlooked in many works

- # of detected dark state(DS) signature:

Detector/Decay volume

A’ for my, <?2m,

A/

SM

€ee

SM

Visible decay




Visible decay search (2)

- Typical setup:

Detector/Decay volume

Beam dump(fixed-target)

/
| Al tor my <Z2m, gy
et A’ / ce A
o ) A’ ee

Electron beam ce Vector
meson

Atomic electron Nucleus SM

Visibl
Bremsstrahlung process  Pair-annihilation process Vgg}e%o@ﬁnsr%qy%&ay isible decay

- # of detected dark state(DS) signature:

~ (# of produced DS) x



Visible decay search (2)

* Typical setup:

Detector/Decay volume

Beam dump(fixed-target)

EX /
A | Al tor my <Z2m, gy
€e e + A’ Y ce A
d/_»_ - -‘/\N ot A / o
Electron beam € . e o Vector
}/ meson
Nucleus
Atomic electron Nucleus SM
Bremsstrahlung process  Pair-annihilation process V?g}e%o@ﬁ?gaqy%&ay Visible decay

- # of detected dark state(DS) signature:

~ (# of produced DS) x (Probability DS reaches detector) x



Visible decay search (2)

* Typical setup:

( A’ decay inside beam dump cannot be detected )

Beam dump(fixed-target) Detector/Decay volume

EX /
A | Al tor my <Z2m, gy
€e e + A’ Y ce A
d/_»_ - -‘/\N ot A / o
Electron beam € . e o Vector
}/ meson
Nucleus
Atomic electron Nucleus SM
Bremsstrahlung process  Pair-annihilation process Vgg}e%o@ﬁnsr?aqy%&ay Visible decay

- # of detected dark state(DS) signature:

~ (# of produced DS) x (Probability DS reaches detector) x



Visible decay search (2)

* Typical setup:

( A’ decay inside beam dump cannot be detected )

Beam dump(fixed-target) Detector/Decay volume

EX /
A | Al tor my <Z2m, gy
€e e + A’ Y ce A
d/_»_ - -‘/\N ot A / o
Electron beam € . e o Vector
}/ meson
Nucleus
Atomic electron Nucleus SM
Bremsstrahlung process  Pair-annihilation process Vgg}e%o@ﬁ?%qy%&ay Visible decay

- # of detected dark state(DS) signature:

~ (# of produced DS) x (Probability DS reaches detector) x (Probability DS is detected)



Visible decay search (2)

* Typical setup:

( A’ decay inside beam dump cannot be detected )

Beam dump(fixed-target) Detector/Decay volume

EX /
A | Al tor my <Z2m, gy
€e e + A’ Y ce A
d/_»_ - -‘/\N ot A / o
Electron beam € . e o Vector
}/ meson
Nucleus
Atomic electron Nucleus SM
Bremsstrahlung process  Pair-annihilation process Vgg}e%o@ﬁ?%qy%&ay Visible decay

- # of detected dark state(DS) signature:
Acceptance

~ (# of produced DS) x| (Probability DS reaches detector) x (Probability DS is detected)



Visible decay search (2)

- Typical setup:

( A’ decay inside beam dump cannot be detected )

Beam dump(fixed-target) Detector/Decay volume

EX /
A | Al tor my <Z2m, gy
€e ;i €+ A’ Y ce A
- ) A’ €e
Electron beam € . e o Vector
}/ meson
Nucleus
Atomic electron Nucleus SM
Bremsstrahlung process  Pair-annihilation process Vgg}e%o@ﬁ?%qy%&ay Visible decay

- # of detected dark state(DS) signature:
Acceptance

~ (# of produced DS) x| (Probability DS reaches detector) x (Probability DS is detected)

1 decay length of A’ > length of beam dump
0 decay length of A’ < length of beam dump



- Typical setup:

Visible decay search (2)

Beam dump(fixed-target)

( A’ decay inside beam dump cannot be detected )

EXx

A/

o

€ ’ " e
Nucleus

Bremsstrahlung process

Electron beam

_|_
€ A /
?V\/\
Atomic electron

Pair-annihilation process

Y ce A’
---'./vv S

Vector
meson

Nucleus

Vector meson decay

Detector/Decay volume

Al tor my <Z2m, gy

SM
Visible decay

% overlooked in many works

- # of detected dark state(DS) signature:
Acceptance

~ (# of produced DS) x| (Probability DS reaches detector) x (Probability DS is detected)

1 decay length of A’ > length of beam dump
0 decay length of A’ < length of beam dump

Thick(Thin) target experiments can be sensitive to long(short) lifetime dark states

% In thin target experiments, e.g, HPS, NA64(visible decay search), continuous beam(low-intensity) is used to distinguish signal signatures



Missing energyymomentum signal processes



Missing energyymomentum signal processes
Missing energy search, e.g., NA64:



Missing energyymomentum signal processes
Missing energy search, e.g., NA64:

EM and hadron calorimeter, i.e., active target




Missing energyymomentum signal processes
Missing energy search, e.g., NA64:

Tracker EM and hadron calorimeter, i.e., active target
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Missing energyymomentum signal processes
Missing energy search, e.g., NA64:

Tracker EM and hadron calorimeter, i.e., active target

Bremsstrahlung process

Benchmark model: & D ce A’ J* —gp : Dark photon, y: Dark Matter, J]’;M: SM EM current



Missing energyymomentum signal processes
Missing energy search, e.g., NA64:

Tracker EM and hadron calorimeter, i.e., active target

Missing energy:

EDM = Ebeam_ Ee—

Bremsstrahlung process

% Energy transfer to nucleus is modest in Bremsstrahlung process

Benchmark model: £ D ee A, JSM —8p A, v"y A': Dark photon, y: Dark Matter, J]’E’M: SM EM current



Missing energyymomentum signal processes

Missing energy search, e.g., NAG4: Missing momentum search, e.g., LDMX:

Tracker EM and hadron calorimeter, i.e., active target

Missing energy:

EDM = Ebeam_ Ee—

Bremsstrahlung process

% Energy transfer to nucleus is modest in Bremsstrahlung process

Benchmark model: £ D ee A, JSM —8p A, v"y A': Dark photon, y: Dark Matter, J]’E’M: SM EM current



Missing energyymomentum signal processes

Missing energy search, e.g., NAG4:

Tracker EM and hadron calorimeter, i.e., active target

Missing energy:

EDM = Ebeam_ Ee—

Bremsstrahlung process

% Energy transfer to nucleus is modest in Bremsstrahlung process

Benchmark model: £ D ee A, e —8p ALy v A

Missing momentum search, e.g., LDMX:

Thin target Tracker EM and Hadron calorimeter

0 ..
-

>

: : H .
: Dark photon, vz Dark Matter, JZ, - SM EM current



Missing energyymomentum signal processes

Missing energy search, e.g., NAG4: Missing momentum search, e.g., LDMX:

Tracker EM and hadron calorimeter, i.e., active target Tracker Thin target Tracker = EM and Hadron calorimeter

-
Pbeam u

Missing energy:

EDM = Ebeam_ Ee—

Bremsstrahlung process

% Energy transfer to nucleus is modest in Bremsstrahlung process

Benchmark model: £ D ee A, JSM —8p A, v"y A': Dark photon, y: Dark Matter, J]’E’M: SM EM current



Missing energyymomentum signal processes

Missing energy search, e.g., NAG4: Missing momentum search, e.g., LDMX:

Tracker EM and hadron calorimeter, i.e., active target Tracker Thin target Tracker = EM and Hadron calorimeter

Missing energy:

EDM = Ebeam_ Ee—

Bremsstrahlung process

Bremsstrahlung process

% Energy transfer to nucleus is modest in Bremsstrahlung process

Benchmark model: £ D ee A, JSM —8p A, v"y A': Dark photon, y: Dark Matter, J]’E’M: SM EM current



Missing energyymomentum signal processes

Missing energy search, e.g., NAG4: Missing momentum search, e.g., LDMX:

Tracker EM and hadron calorimeter, i.e., active target Tracker Thin target Tracker = EM and Hadron calorimeter

Missing energy:

EDM = Ebeam_ Ee—

Bremsstrahlung process

Bremsstrahlung process

% Energy transfer to nucleus is modest in Bremsstrahlung process

Benchmark model: £ D ee A, JSM —8p A, v"y A': Dark photon, y: Dark Matter, J]’E’M: SM EM current



Missing energyymomentum signal processes

Missing energy search, e.g., NAG4: Missing momentum search, e.g., LDMX:

Tracker EM and hadron calorimeter, i.e., active target Tracker Thin target Tracker = EM and Hadron calorimeter

Missing energy: Missing momentum:

EDM = Ebeam_ Ee— PpoM = Poeam™ Pe-

Bremsstrahlung process

Bremsstrahlung process

% Energy transfer to nucleus is modest in Bremsstrahlung process % Target is thin to reconstruct final state electron

Benchmark model: £ D ee A, J]’E’M —8p A, v"y A': Dark photon, y: Dark Matter, J]’E’M: SM EM current



Missing energyymomentum signal processes

Missing energy search, e.g., NAG4: Missing momentum search, e.g., LDMX:

Tracker EM and hadron calorimeter, i.e., active target Tracker Thin target Tracker = EM and Hadron calorimeter

Missing energy: Missing momentum:

EDM = Ebeam_ Ee— PpoM = Poeam™ Pe-

Bremsstrahlung process

Bremsstrahlung process

% Energy transfer to nucleus is modest in Bremsstrahlung process % Target is thin to reconstruct final state electron

Benchmark model: £ D ee A, J]’E’M —8p A, v"y A': Dark photon, y: Dark Matter, J]’E’M: SM EM current



Missing energyymomentum signal processes

Missing energy search, e.g., NAG4: Missing momentum search, e.g., LDMX:

Tracker EM and hadron calorimeter, i.e., active target Tracker Thin target Tracker = EM and Hadron calorimeter

Missing energy: Missing momentum:

EDM = Ebeam_ Ee— PpoM = Poeam™ Pe-

Bremsstrahlung process

Bremsstrahlung process

% Energy transfer to nucleus is modest in Bremsstrahlung process % Target is thin to reconstruct final state electron

- # of missing events:

Benchmark model: £ D ee A, JSM —8p A, v"y A': Dark photon, y: Dark Matter, J]’E’M: SM EM current



Missing energyymomentum signal processes

Missing energy search, e.g., NAG4: Missing momentum search, e.g., LDMX:

Tracker EM and hadron calorimeter, i.e., active target Tracker Thin target Tracker = EM and Hadron calorimeter

Missing energy: Missing momentum:

EDM = Ebeam_ Ee— PpoM = Poeam™ Pe-

Bremsstrahlung process

Bremsstrahlung process

% Energy transfer to nucleus is modest in Bremsstrahlung process % Target is thin to reconstruct final state electron

- # of missing events:

~ (# of produced DM)

Benchmark model: £ D ee A, JSM —8p A, v"y A': Dark photon, y: Dark Matter, J]’E’M: SM EM current



Missing energyymomentum signal processes

Missing energy search, e.g., NAG4: Missing momentum search, e.g., LDMX:

Tracker EM and hadron calorimeter, i.e., active target Tracker Thin target Tracker = EM and Hadron calorimeter

Missing energy: Missing momentum:

EDM = Ebeam_ Ee— PpoM = Poeam™ Pe-

Nucleus

Bremsstrahlung process Bremsstrahlung process

% Energy transfer to nucleus is modest in Bremsstrahlung process % Target is thin to reconstruct final state electron

- # of missing events:
J Acceptance

~ (# of produced DM) x|(Probability DM reaches detector) x (Probability DM is detected)

% not proportional to (ee)” in contrast to recoil and visible search

Benchmark model: £ D ee A, J]’E’M —8p A, v"y A': Dark photon, y: Dark Matter, JSM: SM EM current



Missing energyymomentum signal processes

Missing energy search, e.g., NAG4: Missing momentum search, e.g., LDMX:

Tracker EM and hadron calorimeter, i.e., active target Tracker Thin target Tracker = EM and Hadron calorimeter

Missing energy: Missing momentum:

EDM = Ebeam_ Ee— PpoM = Poeam™ Pe-

Nucleus

Bremsstrahlung process Bremsstrahlung process

% Energy transfer to nucleus is modest in Bremsstrahlung process % Target is thin to reconstruct final state electron

- # of missing events:
J Acceptance

~ (# of produced DM) x|(Probability DM reaches detector) x (Probability DM is detected)

« (Beam flux)x(ce)’ % not proportional to (ee)” in contrast to recoil and visible search

Benchmark model: £ D ee A, J]’E’M —8p A, v"y A': Dark photon, y: Dark Matter, JSM: SM EM current



Missing energyymomentum signal processes

Missing energy search, e.g., NAG4: Missing momentum search, e.g., LDMX:

Tracker EM and hadron calorimeter, i.e., active target Tracker Thin target Tracker = EM and Hadron calorimeter

Missing energy: Missing momentum:

EDS = Ebeam_ Ee— pDS = pbeam_ pe—

Bremsstrahlung process Bremsstrahlung process

% Energy transfer to nucleus is modest in Bremsstrahlung process

* # of missing events: Acceptance

~ (# of produced DM) x |(Probability DM reaches detector) x (Probability DM is detected)

o (Beam flux)x(e¢)” % not proportional to (ee)” in contrast to recoil and visible search
Acceptance is good, but the continuous beam(low-intensity) is needed to reconstruct final state

Benchmark model: £ D ee A, J]’E’M —8p A, v"y A': Dark photon, y: Dark Matter, JSM: SM EM current
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- Summary



Excluded regions by beam dump experiments (1)

- Benchmark model (1): & D € - eA,Ji, . — &pA, X" ¥ where A”: dark photon, and y: DM
10~/
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Excluded regions by beam dump experiments (1)

- Benchmark model (1): & D € - eA,Ji, . — &pA, X" ¥ where A”: dark photon, and y: DM

TN NG T T

O
L
[T]
By
[T]
P
—
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X\
N

ap = g5ld4n = 0.5, my, = 3m,

MiniBooNE

1072

107"
my, [GeV]

10°

Rescattering

Missing signal

E137 NAG64 Electron beam

LSND

MiniBooNE
COHERENT Csl

Proton beam

% Limited missing signal experiments are conducted
because of the severe beam condition

= parasitic running of neutrino experiment
% MiniBooNE is off-target running to reduce neutrino BG



Sensitivity of beam dump experiments at future accelerators (1)

- Benchmark model (1): &£ D e-eA’ Jg — 8pA, Xv" ¥ where A" dark photon, and y: DM

M
L — Examples of BD at future accelerators
10_{_ i _ Rescattering | Missing signal
= R =
= oA i
10-°9L Q i ILC-BDX LDMX Electron beam
. 1070k . . ‘
B _ . PIP2-BD
S 107 DU = . DUNE !
8 jo-RE - . DUNE-PRISM I |leverage DUNE facilities
I - E
> 1077k - Proton beam
o 4i S _i - LDMX is highly sensitive because of good acceptance
= - - ILC is sensitive because of high energy positron
—15 .~ _ _ .
10 ? ay, = 80/4” = 0.5, m, = 3m,, = annihilation
fo-tel v nl vl ] T - DUNE-PRISM(off-axis detector) is more sensitive than
107 1072 107" 10° DUNE (on-axis detector) because of neutrino BG
my [GeV] reductions

% FLArE is LHC auxiliary detector experiments in HL-LHC phase
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Visible decay

Excluded regions by beam dump experiments (2)
- Benchmark model (2): & D e - eA’ J*

SLAC electron
beam facilities

CERN SPS

Neutrino
experiments



Sensitivity of beam dump experiments at future accelerators (2)

- Benchmark model (2)
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where A": dark photon

Examples of BD at future accelerators

Visible decay
ILC-BDX
ILC, SLAC,
Electron beam LDMX and CERN

AWAKE

Muon beam muon collider

Prot

SHiP

RIKE SPS, neutrino

REDTOP experiments, etc
DUNE

on beam

- ILC can be sensitive to small € because of positron annihilation

- AWAKE and muon-BD can be sensitive to large € because of
thick target and high beam energy, respectively

- K

EDTOP is 7 meson factory and can perform prompt decay

search(sensitive to large €)

% FASERZ2 is LHC auxiliary detector experiments in HL-LHC phase



Summary

- Key features of beam dump(fixed target) experiments:

- The beam dump experiment is high luminosity experiment sensitive to Sub-GeV scale
= The physical potential is complemental to the other experiments, e.qg., collider experiments, direct

detection experiments

- The beam dump experiment can run in parallel with accelerator-based experiments

= The beam dump experiments are economical and would also run with future accelerators,
e.g., HL-LHC, ILC, and muon collider.

= High energy and high flux beams in the future accelerator lead to high sensitivity of the parasitic

beam dump experiments

- Regarding the dark sector search, the physical potential of the beam dump experiment depends on

various factors, e.g., beam flux, beam energy, beam particle, acceptance, detection approach,...

 The beam dump experiment tandems with the future accelerators and potentially sheds light on the
beyond the SM



