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Lower energy or 
higher exposure?

※ Small coupling 
gx: a larger 
exposure is 
required!

※ Small DM mass: 
DM mass might 
be outside the 
detector range.
 

※ Small mass 
splitting 
between DM 
and other dark 
particles. 



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. 

DMSM

even odd



Discription of 
DM-SM and DM-DM 

interactions

Lagrangian

Likelihood 
buliding 
(data)

Seaching
possible 
signals

Particle
and 

astrophysical 
experiments.

DM nature
(1) Mass,
(2) spin, 
(3) isospin

(a)

(b)

(c)

(d)

(e)

(f)

To understand DM nature, we can 
(1) bet what is it and predict its 
signature in the experiments, 
(2) find the excess beyond the 
background.

If no signal, set a limit!
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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. 
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Thermal dark matter

Heat transfer can 
be via the green 

or red+blue.
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Possible parameter space



Possible parameter space

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



Possible parameter space

Future DM indirect detection can probe 
resonance DM
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The evolution equations of the comoving 
number density and temperature



Interaction rates

Super Weak.

Strong.

Broken



The challenge of Relic density computation

Errors to Only-Yx 2 BEs 4 BEs
Forbidden DM 10% 72%

Resonance DM 1000% 1000%

Secluded DM --- 9%Planck error is around 1%.
(TT+TE+EE+lowE+lensing)



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 p-wave annihilation with mass 

below GeV is excluded, while the resonance is still testable in future 
MeV gamma ray telescopes. 

• For the resonance DM and forbidden DM scenario, the temperature evolution is very 
important (72% and 1000%), while the Seculded DM shows some impacts from 
asymmetric elastic scattering between phi and DM (9%).   



Thank you for listening!


