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Introduction
Ø Many astrophysical observations provide clear evidence for

the existence of dark matter, such as rotation curve and 
galaxy cluster.

Rotation Curve of M33.

Ø The dark matter accounts for 26.4% in the universe.
Ø It is important to search for DM in particle physics experiment.

The galaxy cluster 1E 0657-56

PDG

https://doi.org/10.1046/j.1365-8711.2000.03075.x
https://chandra.harvard.edu/photo/2006/1e0657/
https://pdg.lbl.gov/2022/reviews/contents_sports.html


2023/2/15 Wujf 3

Introduction
Ø There are 3 ways to detect the dark matter according to the 

different interactions between SM and DM.
• Direct detection: Use the scatter between SM and DM.
• Indirect detection: DM can decay or annihilate into SM 

particles. The decay/ annihilate products can be used to 
detect DM.

• Collider detection: DM is produced in SM particle 
collisions. 

SM
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Introduction
Ø The collider detection has signature as MET + X(SM particles).

Ø The studies have been performed in many experiments, 
including ATLAS, CMS, BELLE II and BESIII etc.

Ø I will show some results(selected) in the following slides.

IP

Transverse plane 
of detector.

SM

SM

DM

DM

Missing transverse momentum(MET)

Visible particles

• Due to the weakly interaction 
between DM and detector, 
there is always MET in the 
events including DM. 
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𝒑𝒑 → 𝒉(𝜸𝜸) + 𝑬𝑻𝒎𝒊𝒔𝒔 in LHC
Ø The 𝑍!" and 𝑍"2𝐻𝐷𝑀 model are used in these studies.

𝑍!" 𝑍" − 2𝐻𝐷𝑀

JHEP10(2021)013
JHEP10(2017)180

Both ATLAS and CMS

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.075017
https://link.springer.com/article/10.1007/JHEP06(2014)078
https://link.springer.com/article/10.1007/JHEP10(2021)013
https://link.springer.com/article/10.1007/JHEP10(2017)180


Ø Analysis strategy(CMS):
• 𝑝)/𝑚** > 0.5/0.25,
• 𝐸)+,-- > 105 GeV,
• 𝑝)** > 90 GeV,
• 105 < 𝑚** < 180 GeV
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𝒑𝒑 → 𝒉(𝜸𝜸) + 𝑬𝑻𝒎𝒊𝒔𝒔 in LHC
Ø Analysis strategy(ATLAS):

• 𝐸*/𝑚** > 0.35/0.25,
• 𝐸)+,-- > 90 GeV,
• Δ𝐸)+,-- < 30 GeV,
• 105 < 𝑚** < 160 GeV

JHEP10(2021)013 JHEP10(2017)180

https://link.springer.com/article/10.1007/JHEP10(2021)013
https://link.springer.com/article/10.1007/JHEP10(2017)180
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𝒑𝒑 → 𝒉(𝜸𝜸) + 𝑬𝑻𝒎𝒊𝒔𝒔 in LHC
Ø The 95% C.L. upper limits on the signal strength in the 𝑚.!

VS 𝑚/ plane are shown as below. 

• The maximum limit on 𝑚!
reaches 420 GeV, when the limit 
on 𝑚"! mass is 825 GeV. 

• The exclusion power is not too 
high due to the low statistics. 

JHEP10(2021)013
JHEP10(2017)180

https://link.springer.com/article/10.1007/JHEP10(2021)013
https://link.springer.com/article/10.1007/JHEP10(2017)180
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𝒑𝒑 → 𝒉(𝜸𝜸) + 𝑬𝑻𝒎𝒊𝒔𝒔 in LHC
Ø The upper limit on the spin-independent cross section of 

ATLAS result is shown.
JHEP10(2021)013

µ2Nχ
σS

N
I
χ =

πA2
[Z fp + (A − Z) fn]2 (6.16)

式中 µNχ = mχmN/(mχ +mN)为暗物质-核子系统的约化质量，fp和 fn为暗物质

和质子及中子的耦合常数，有 fp = fn = 3gqgχ/m2
Z′。A和 Z是原子核中的质子

Ø The upper limit on the spin-independent cross section for 
𝑚0 < 2 GeV decreases by a factor of two.

• 𝜇#$ : reduced mass of 
DM-nucleon system.

• Z/A : number of 
protons/nucleons in the 
considered nucleus.

• 𝑓% / 𝑓& : couplings between 
DM and protons/neutrons.

https://link.springer.com/article/10.1007/JHEP10(2021)013
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Ø The study is performed with 2HDM+a model.

Ø 2HDM+a model : the extension of 2HDM model with a 
simplified pseudoscalar mediator. 
• The pseudoscalar mediator 𝑎 couples to SM fermions and 

DM particles 𝜒. 
• 𝑡𝑎𝑛𝛽 is the ratio of vacuum expectation values of the two 

Higgs doublets.
• Low 𝑡𝑎𝑛𝛽 ~ ggF production, high 𝑡𝑎𝑛𝛽 ~ bbA production.

𝒑𝒑 → 𝒉(𝒃*𝒃) + 𝑬𝑻𝒎𝒊𝒔𝒔 in LHC
EPJC 79, 280 (2019)

JHEP11(2021)209Both ATLAS and CMS

ggF production
bbA production

https://link.springer.com/article/10.1140/epjc/s10052-019-6730-7
https://link.springer.com/article/10.1007/JHEP11(2021)209
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𝒑𝒑 → 𝒉(𝒃*𝒃) + 𝑬𝑻𝒎𝒊𝒔𝒔 in LHC
Ø The 95% C.L. upper limits in the 𝑚/ VS 𝑚1 plane are 

shown as below.

Ø The exclusion boundaries extend 
up to 𝑚' = 520 GeV for 𝑚! = 1.25 
TeV in ggF production case. 

Ø The exclusion limits extend up to 
𝑚' = 240 GeV for 𝑚! = 900 GeV 
in bbA production case. 

JHEP11(2021)209 JHEP11(2021)209

https://link.springer.com/article/10.1007/JHEP11(2021)209
https://link.springer.com/article/10.1007/JHEP11(2021)209
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𝒑𝒑 → 𝒉(𝒃*𝒃) + 𝑬𝑻𝒎𝒊𝒔𝒔 in LHC
Ø The 95% C.L. upper limits on the signal strength are 

extracted.

Ø 𝑚! masses are excluded between 
500 and 900 GeV for the 
configuration in figure.

Ø No significant excess is observed.
Ø 𝑡𝑎𝑛𝛽 between 0.5 and 2.0 is 

excluded for 𝑚' = 100 GeV. 

EPJC 79, 280 (2019) EPJC 79, 280 (2019)

https://link.springer.com/article/10.1140/epjc/s10052-019-6730-7
https://link.springer.com/article/10.1140/epjc/s10052-019-6730-7
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𝒆%𝒆& → 𝝁%𝝁& + 𝒊𝒏𝒗𝒊𝒔𝒊𝒃𝒍𝒆 in Belle II

Ø The decay process is 𝑒2𝑒3 → 𝜇2𝜇3𝑍", Z" → 𝜒𝜒̅ .
• Vector boson, 𝑍", only couples to SM 𝜇, 𝜏, 𝜈4 and 𝜈5.
• 𝑍" can decay to dark matter particles 𝜒𝜒̅.
• 𝑔" : coupling between 𝑍" and SM 𝜇, 𝜏, 𝜈4 and 𝜈5.
• 𝑔6" : coupling between 𝑍" and 𝜒.

Ø The dominant background :
• 𝑒2𝑒3 → 𝜇2𝜇3 + 𝛾 , photon is not detected.
• 𝑒2𝑒3 → 𝜏2𝜏3 + 𝛾, 𝜏 decays to muon and neutrinos.
• 𝑒2𝑒3 → 𝑒2𝑒3𝜇2𝜇3, electrons outside the detector.

Ø An artificial neural network is employed to select the event 
candidates.
• Four kinematic variables are used.

arxiv.2212.03066 PhysRevD.89.113004

https://arxiv.org/abs/2212.03066
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.113004
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Ø The 90% C.L. upper limits on the 𝜎(𝑒2𝑒3 → 𝜇2𝜇3𝑍", 𝑍" →
𝑖𝑛𝑣𝑖𝑠𝑖𝑏𝑙𝑒) and 𝑔" are shown as below. 

arxiv.2212.03066

Ø The upper limit of 𝜎 is set as small 
as 0.2 fb .

Ø No significant excess is observed.

Ø The invisible 𝑍( boson as an 
explanation of 𝑔 − 2 ) anomaly 
is excluded in 0.8 < 𝑀*! < 5.0
GeV.

𝒆%𝒆& → 𝝁%𝝁& + 𝒊𝒏𝒗𝒊𝒔𝒊𝒃𝒍𝒆 in Belle II

arxiv.2212.03066

https://arxiv.org/abs/2212.03066
https://arxiv.org/abs/2212.03066
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𝒆%𝒆& → 𝜸 + 𝒊𝒏𝒗𝒊𝒔𝒊𝒃𝒍𝒆 in BaBar and BESIII
Ø Search for dark photon in BaBar and BESIII.

• A 𝑈 1 6 gauge boson 𝛾"(dark photon) is introduced, 
which mediate a new force between dark sector and 
SM. 

• The 𝛾" can mix with SM photon kinetically, and 𝜖 is the 
mixing strength.

• 𝜖~1037 when the mass of 𝛾" is in the GeV range.

Ø The decay process to search.
• 𝑒2𝑒3 → 𝛾𝛾", 𝛾" → 𝑖𝑛𝑣𝑖𝑠𝑖𝑏𝑙𝑒.

Ø The dominant background:
• 𝑒2𝑒3 → 𝛾𝛾, 𝛾𝛾𝛾 : some photons are not detected.

Arxiv.2209.13893PhysRevLett.119.131804

https://arxiv.org/pdf/2209.13893.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.131804
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𝒆%𝒆& → 𝜸 + 𝑬𝑻𝒎𝒊𝒔𝒔 in BaBar and BESIII
Ø 90% C.L. upper limit on the 𝜖 is shown as below.

Arxiv.2209.13893

Ø The BaBar result rules out the dark-photon coupling as the 
explanation for the 𝑔 − 2 4 anomaly. 

Ø The BESIII results is higher than BaBar results. 
Ø The BESIII exclusion limits are below the 𝑔 − 2 4 anomaly.

PhysRevLett.119.131804

https://arxiv.org/pdf/2209.13893.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.131804
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Summary

Ø Currently no evidence of DM is observed in particle 
physics experiments. 

Ø Many measurements improve the existing constraints. 

Ø Many searches are performed in collider experiments.
• Including ATLAS, CMS, BaBar, BELLE II, BES III etc.

Ø Look forward the CEPC to get more results on the DM 
search.
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Backup
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𝒑𝒑 → 𝒉(𝜸𝜸) + 𝑬𝑻𝒎𝒊𝒔𝒔 in LHC
Ø Models to search.

vector mediator 𝑍" 𝑍" − 2𝐻𝐷𝑀 2𝐻𝐷𝑀 + 𝑎

JHEP10(2021)013
JHEP10(2017)180

Both ATLAS and CMS

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.075017
https://link.springer.com/article/10.1007/JHEP06(2014)078
https://link.springer.com/article/10.1007/JHEP05(2017)138
https://link.springer.com/article/10.1007/JHEP10(2021)013
https://link.springer.com/article/10.1007/JHEP10(2017)180
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Backup
Ø Parameters of 𝑍!" model.



2023/2/15 Wujf 20

Backup
Ø Parameters of 𝑍"2𝐻𝐷𝑀 model.



2023/2/15 Wujf 21

Backup
Ø Parameters of 2HDM+a model.
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𝒑𝒑 → 𝒉(𝜸𝜸) + 𝑬𝑻𝒎𝒊𝒔𝒔 in LHC
Ø The 𝑍!" and 𝑍"2𝐻𝐷𝑀 model are used in these studies.

𝑍!" 𝑍" − 2𝐻𝐷𝑀

Ø Analysis strategy(ATLAS):
• 𝐸*/𝑚** > 0.35/0.25,
• 𝐸)+,-- > 90 GeV,
• Δ𝐸)+,-- < 30 GeV,
• 105 < 𝑚** < 160 GeV

JHEP10(2021)013
JHEP10(2017)180

Ø Analysis strategy(CMS):
• 𝑝)/𝑚** > 0.5/0.25,
• 𝐸)+,-- > 105 GeV,
• 𝑝)** > 90 GeV,
• 105 < 𝑚** < 180 GeV

Both ATLAS and CMS

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.075017
https://link.springer.com/article/10.1007/JHEP06(2014)078
https://link.springer.com/article/10.1007/JHEP10(2021)013
https://link.springer.com/article/10.1007/JHEP10(2017)180

