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Outline

• A brief introduction to sub-GeV dark matter

• minimal dark matter model: one Majorana DM + one new singlet scalar mediator

• Summary



WIMPs

For decades, WIMPs have been the cherish DM candidates 

► WIMPs naturally give correct relic density via freeze-out. 

► Models with NP at EW scale (e.g. Naturalness or Hierarchy Problem) often accommodate a EW scale DM candidate.
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Rept. Prog. Phys. 2022, 85(5) 056201

► DM mass region above GeV is highly 

constrained by direct detection ;

► Sub-GeV DM still has a large parameter 

space;

► The search for sub-GeV DM is turning to 

indirect detection.

The answer is : Neutrino floor is coming and No evidence for WIMPs! 

WIMPs Crisis or MeV DM Opportunity? 
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► In the past few decades, there have been no 
good telescopes focused on the MeV Gap

► Fortunately, many new MeV telescopes have been 
proposed in recent years.

Future Indirect Detection : Great opportunity to explore MeV dark matter 

GECCO (2112.07190) 
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Planck 2018 constraints on DM mass and annihilation cross section 

Can we find a sub-GeV DM signal in future telescope but also escape from CMB limits ?

s-wave (𝑏 = 0) 
► s-wave dark matter annihilations with 

masses less than 1GeV would be 

difficult to escape CMB limits

p-wave (𝑎 = 0)
► p-wave dark matter annihilation can

satisfy the CMB but the cross section 

at the present time is too small to be 

observed.

⟨σv⟩ ≃ 𝑎 + 𝑏𝑣!

The challenge to MeV Dark matter: CMB 
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Majorana DM SM singlet scalar 

Scalar interaction
(p-wave)

Pseudo-scalar interaction
(s/p-wave )

Mixing between New 
scalar and SM Higgs 

A minimum setup: 

one singlet Majorana DM + one SM singlet scalar mediator. 

Basic and minimum Lagrangian
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Cosmological and astrophysical constraints Collider experiments constraints 

Based on previous work: JHEP 07(2019)050
(Red indicates update limits)
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Forbidden DM
(𝒎𝝓 ≳ 𝒎𝝌)

Resonance state
(𝒎𝝓 ≈ 𝟐𝒎𝝌)

Kaon Decay

CMB
(𝒎𝝌 > 𝒎𝝓)

Direct Detection 
Constraint

Elastic scattering between DM and nuclei 

arXiv:1609.09079 

Tree level Loop level
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Collider constraints
(𝐬𝐢𝐧𝛉 < 𝟏𝟎!𝟐)

BBN constrain
(𝐬𝐢𝐧𝛉 > 𝟏𝟎!𝟖)

CMB constrain
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Correct Relic Density

Only resonant state can be observed in future indirect detection experiments！

s-wave DM can survive in the 
mass range above 1 GeV

p-wave DM can meet all 
constraints in sub-GeV range.
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SUMMARY

• We investigate a minimal dark matter model that incorporates a light Majorana dark matter and 

a new scalar mediator;

• Our comprehensive likelihood analysis considers constraints from direct detection experiments, 

collider searches, cosmological and astrophysical observations;

• We find that light dark matter through p-wave can escape CMB constraint, but only the 

resonance state can offer a promising prospect in the future indirect detection. 

THANK YOU !
감사합니다！


