
1/16

Complementarity of Lepton Collider Probes of Dark
Matter

Kai Ma3†

Collaborator(s): Shao-Feng Ge1, 2, ∗, Xiao-Dong Ma4, 5, ‡, Jie Sheng1, 2, §

†Q makai@ucas.ac.cn, ∗Q gesf@sjtu.edu.cn, ‡Q maxid@sjtu.edu.cn, §Q shengjie04@sjtu.edu.cn

1� Tsung-Dao Lee Institute & School of Physics and Astronomy
2� Shanghai Key Laboratory for Particle Physics and Cosmology, Shanghai Jiao Tong University

3� School of Physics, Shaanxi University of Technology
4� Guangdong Provincial Key Laboratory of Nuclear Science, Institute of Quantum Matter, South China Normal University

5� Guangdong-Hong Kong Joint Laboratory of Quantum Matter, Southern Nuclear Science Computing Center, SCNU

Aug/17, 2023

mailto:makai@ucas.ac.cn
mailto:gesf@sjtu.edu.cn
mailto:maxid@sjtu.edu.cn
mailto:shengjie04@sjtu.edu.cn


2/16

Dark Matter: Existence and Detection
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Absorptive DM by Nucleon and Electron

Direct detection experiments attempt at measuring the energy
released in the detector by DM particles scattering off detector
nuclei or outer electrons.
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Absorptive DM by Electron
Absorption of Dark Matter (DM) on electron target is sensitive probe to sub-
MeV DM.

arxiv:2011.01940
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Absorptive DM by Electron
Absorption of Dark Matter (DM) on electron target is sensitive probe to sub-
MeV DM (χ).

OS
eνχ = (ēe) (ν̄LχR ) ,

OP
eνχ = (ē iγ5 e) (ν̄LχR ) ,

OV
eνχ = (ēγµe) (ν̄Lγ

µχL) ,

OA
eνχ = (ēγµγ5 e) (ν̄Lγ

µχL) ,

OT
eνχ = (ēσµνe) (ν̄Lσ

µνχR ) .

e+e− colliders are also expected to be power-

ful probes of the “Electron flavored" couplings. arxiv:2011.01940
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Collider Detection @ Mono-γ
The process e+e− → χν is a kind of inverse process of the absorption chan-
nel, as long as the center-of-mass (COM) energy

√
s > mχ.

Mono-γ production:

e+ + e− −→ γ + χ(χ̄) + ν̄(ν) .
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Differential Cross Sections @Mono-γ

I Signals grow with
√

s , while the background is nearly a constant.
I Both signals and background are dominant at forward and backward regions.
I There are huge contamination from radiative BhaBha process.
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Beam Polarization Effects @Mono-γ
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Beam Polarization Effects @Mono-γ
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Expected Exclusion Limit at 95% @ Mono-γ

Table: Running modes and the corresponding projected luminosities of the colliders.

CEPC ILC CLIC
√

s [GeV ] 240 500 3000

(Pe− , Pe+) (0%, 0%) (0%, 0%) (±80%, ∓30%) (±80%, ±30%) (0%, 0%)

L [ ab−1] 5 .6 4 1.6 0 .4 5

Kinematical cuts:

Eγ < min
{

EZ
γ − 5ΓZ,Eχγ

}
,

pT ,γ > 0 .5 GeV ,
∣∣ηγ
∣∣ < 2.65 , CEPC;

pT ,γ > 6 GeV ,
∣∣ηγ
∣∣ < 2.79 , ILC;

pT ,γ > 60GeV ,
∣∣ηγ
∣∣ < 2.44 , CLIC.
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Expected Exclusion Limit at 95% @ Mono-γ
√
s = 240GeV, L = 5.6 ab−1
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The left-, middle- and right-panels stand for the (pseudo-)scalar, (axial-)vector and tensor operators, respectively, with
√

s = 500GeV .
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Collider Detection @ Electron Pair Production
Electron pair production in associated with ET/ :

e+ + e− → e+ + e− + χ(χ̄) + ν̄(ν) , (1)

e+ + e− → e+ + e− + ν + ν̄ . (2)
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Collider Detection @ Electron Pair Production
Electron pair production in associated with ET/ :

e+ + e− → e+ + e− + χ(χ̄) + ν̄(ν) , (1)

e+ + e− → e+ + e− + ν + ν̄ . (2)

While the first channel can only be initiated by the effective four-fermion operators, the second
one is not only background of the final state e+e− + ET/ , but also receives contributions from
the NP operators by exchanging the dark fermion χ via either s- or t -channel.
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Differential Cross Sections @e+e−ET/

I The interference contribution is negligible.
I Signals grow very quickly with

√
s , while the background is nearly a constant (above the

W and Z pair production threshold).
I Around

√
s = 1 TeV (for Λ = 1 TeV ), signal and background are at the same level.

I The electron pair production is a promising channel at high energy collider.
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Differential Cross Sections @e+e−ET/
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Beam Polarization Effects @ e+e−ET/
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Expected Exclusion Limit at 95% @ e+e−ET/

Differential cross sections of the signals not only have significant differences from the one of
the background, but also distinct for different Lorentz structures of the NP operators. With this
in mind, we choose invariant mass of the electron pair (me+e−), energy (Ee−) and transverse
momentum (pT ,e−) of the electron as three representative observables, and the experimental
significance is estimated by calculating following χ2,

χ2 =
∑

a

∑

i

(
N Sig

i (Oa)
)2

N Bkg
i (Oa) + N Sig

i (Oa)
, (3)

where Oa = me+e− ,Ee− , pT ,e− is the representative observable, and N Bkg
i (Oa) and N Sig

i (Oa) are
background and signal events in the i -th bin of the observable Oa .

Kinematical cuts:
pT ,e± > 5 GeV , |ηe± | < 2.5 .
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Expected Exclusion Limit at 95% @ e+e−ET/
√
s = 240GeV, L = 5.6 ab−1

(
Pe− , Pe+

)
= (0%, 0%)

CEPC

OS

OP

OV

OA

OT

0 50 100 150 200 250
mχ [GeV]

300

400

500

600

700

800

900

1000

Λ
[G

eV
]

√
s = 500GeV, L = 4 ab−1

(
Pe− , Pe+

)
= (0%, 0%)

ILC

OS

OP

OV

OA

OT

0 100 200 300 400 500
mχ [GeV]

500

1000

1500

2000

2500

Λ
[G

eV
]

√
s = 3TeV, L = 5 ab−1

(
Pe− , Pe+

)
= (0%, 0%)

CLIC

OS

OP

OV

OA

OT

0 1000 2000 3000
mχ [GeV]

2×104

3×104

4×104

5×104

6×104

Λ
[G

eV
]

(0%, 0%)

(+80%,+30%)

(−80%,−30%)

(−80%,+30%)

(+80%,−30%)

Combined

0 100 200 300 400 500
mχ [GeV]

1000

1100

1200

1300

1400

1500

1600

1700

Λ
[G

eV
]

ILC

OV &OA (0%, 0%)

(+80%,+30%)

(−80%,−30%)

(−80%,+30%)

(+80%,−30%)

Combined

0 100 200 300 400 500
mχ [GeV]

1000

1500

2000

2500

Λ
[G

eV
]

ILC

OT (0%, 0%)

(+80%,+30%)

(−80%,−30%)

(−80%,+30%)

(+80%,−30%)

Combined

0 100 200 300 400 500
mχ [GeV]

1000

1500

2000

2500

Λ
[G

eV
]

The left-, middle- and right-panels stand for the (pseudo-)scalar, (axial-)vector and tensor operators, respectively, with
√

s = 500GeV .
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Expected Sensitivities @Compare
√
s = 240GeV, L = 5.6 ab−1
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Top: mono-γ process. Bottom: e+e− → e+e−ET/.
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Complementarity of Collider and Cosmo. & Astro.

OV @CEPC

OV @ ILC

OV @CLIC
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Updates:

1, t -channel contri-
bution to the overpro-
duction constriant.

2, decay channel χ→
νe+e− in case of mχ >
2me .

3, decay channel χ→
νγγγ in case of mχ >
2me .

4, PandaX-4T.

5, XENONnT.

6, LZ.
Details of the Cosmo. & Astro. constraints can be find in arXiv:2201.11497.

https://arxiv.org/abs/2201.11497
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Summary

I e+e− collision is an inverse process of the DM absorption, hence can
be probes of DM.

I Mono-gamma process has larger sensitivity at low energy colliders
(CEPC), production of e+e−pT/ gives larger sensitivity at high energy
colliders (CLIC).

I Colliders can provide complementary searches for DM (absorptive
on electron target).

I We are working on the case of that the DM can be absorbed by
nucleus (searched for by PandaX-4T), signals at the LHC and future
hadron colliders.
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