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Dark Matter Problems
2006

1980

IF GR is correct, 
it will be difficult 

to explain the 
universe without 
DM assumption. 

1933->1965

Diversity problem:
More and more dSphs were found!

Some of them are DM-rich but some are DM-poor.



How is possible 
that no interaction 
between 1e-6 and 

1e-39?

If new interaction 
greater than Gravity...

What is 
the portal?



Lower energy,  
higher exposure, or 
wrong DM density?

• p-wave
• Resonance
• Forbidden DM
• Coannihilation
• Secluded DM

Velocity dependent annihilations!

   invisible interactions

MeV DM

Is WIMP crisis or Human panic?

LZ
2410.17036



The MeV gap 

It can be interesting to look DM physics at the MeV gap.



Challenges of MeV 
dark matter



The light DM mass region

Unless, a new light mediator is introduced!

If only a DM introduced...

Can we go to the region below GeV?

g=Weak coupling



Simplicity and Light mediator

t-channel 
annihilation

s-channel 
annihilation

① Z_2 odd scalar mediator (like 
squark) + SM fermion. LEP mass 
limit for charged mediator is 
heavier than 100 GeV.

② Z_2 odd fermion mediator (like 
Chargino) + SM gauge boson. 
Invisible decay gives a severe 
limit. 

Therefore, an MeV mediator of the the DM annihilation 
to SM pair via t-channel CANNOT be Z_2-odd.

Higgs portal or dark photon portal? 

DMSM

even odd



CMB constraints

• DM annihihlation injects energy into 
gas to ionize and heat Hydrogen. 

• For sub-GeV DM with correct relic 
density, s-wave may be exculded? 

Allowed by relic density 



CMB constraints
• The velocity is ~10-8 c 

during recombination 
epoch.

• p-wave annihilation 
cross-section is 
suppressed by the 
velocity . 

• It requires an extreme 
fine-tunning for 
resonance annihilation in 
order to be testable in 
CMB data.
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Thermal dark matter

Must be frequent momentum exchange! 
(Common Problems of MeV DM)

Number density can be discribed by 
n~exp(-m/T)!

Heat transfer can be via the 
green or orange+blue.



Sub-GeV 
Leptophilic 

Dark Matter 
interactions
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Minimum leptonphilic Lagrangian
(i) Scalar DM and scalar mediator (s-wave): 

(ii) Dirac DM and scalar mediator (p-wave): 

DM

DM

f

f
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2phi -> 4fIndirect detection.
Direct detection.

SM+ Z2-odd DM+ 
Z2-even mediator.   



Allowed parameter space
• Only resonance, forbidden, 

and secluded annihilation 
mechanisms remain. 

• Secluded DM with s-wave 
annihilation is completely 
excluded.

• The lower mass limits for DM 
vary between the three 
mechanisms.



DM-electron scattering

e- e- e- e-

• In the electrophilic case, direct detection experiments impose strong 
constraints on the non-resonance parameter space due to tree-level DM-
electron scattering. 

• However, VLAST can effectively probe the resonance region that escapes 
these bounds.



Light thermal 
dark matter in 
minimal Higgs 
portal model



A minimum setup: 
one SM singlet Majorana DM + one 
SM singlet scalar mediator.   

Basic and minimum Lagrangian

Majorana DM SM singlet scalar

Scalar interaction

pseudo-scalar 
interaction

Mixing between New 
mediator and SM Higgs. 



Possible parameter space
The unitarity, stability, and 
perturbative constraints.



Possible parameter space

Parameter space is finite and we may be able to probe them ALL!



Motivations.

Minimal Higgs Portal Model.

Parameter space to be detected in gamma-
ray telescope (VLAST).

  Results and summary.

Outline

MeV Gap



VLAST-closing the MeV gap 



Very Large Area Space Telescope
（VLAST）



PROBING RESONANCE REGION 
BY VLAST (Leptonphilic)

• Draco is an ideal source for DM 
gamma-ray detection.

• s-wave annihilation remains 
difficult to detect with future 
VLAST.



Future DM indirect detection (like VLAST) can 
probe resonance DM.

PROBING RESONANCE REGION 
BY VLAST (Higgs portal model)



Summary
• The light thermal DM has a lower mass limit around MeV. 
• Direct detection can also constrain the low mass 
mediator mass region, but pseudoscalar can relax this 
tension. 

• Pseudoscalar can generate s-wave annihilation which is 
testable in indirect detection. 

• Considering CMB constraints, most of s-wave annihilation 
with mass below GeV is excluded, while the resonance 
for p-wave annihilations are still testable in future MeV 
gamma ray telescopes, e.g. VLAST.    



Thank you for 
listening and please 

stay on VLAST!



• xxx.


