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Evidence for Dark Matter



What do We Know?

• Dark
• Or we would see it

• Long lived
• Age of the Universe 

• Cold (warm)
• Structure formation

• No known particles satisfy all these conditions.
• New particles are in need!



Searching for dark matter
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Motivations

Semi-conductor type
CDMS, CDEX…

Noble gas type
XENON, LUX, PANDAX …



Motivations

• What if the DM is lighter than GeV scale?

Hidden sector 
models



Sub GeV scale dark matter

• For elastic scattering

Use light targets

XENON1T 1907.11485

MD > 10 MeV



Motivations

• How to search for DM if mD < 10 MeV?

• Lower the threshold (Using semi-conductor, superconductor, or CCD 
technology, nano tubes …)

• Accelerate the DM particles (Sun, cosmic rays)



MeV scale dark matter

• The Sun can help us.

• We pay the price that the flux at the earth surface is suppressed.

well above the 
thresholds of most 
experiments!



MeV scale dark matter

NO CONTRAINT!

Everything will be 
new.



MeV scale dark matter

• Gravitational focusing effect



Detailed models

• Contact interaction case

• We assume the scattering is  
s-wave dominant.
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Thermal production
through annihilation
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Details of the simulation

• Once the DM particle is inside the Sun, we numerically simulate the 
path of the dark matter particle and get its final kinetic energy.

• The information (local temperature and electron density) is from the standard 
solar model.
• The step length is generated according to the free-passing length.
• The direction of each scattering is generated according to differential cross 

section.



Energy spectrum



Energy spectrum
Maxwell-Boltzmann



Energy spectrum

Drops faster
Cross section is 
too large
DM cannot reach 
the center.



Direct detection

Information of the matrix element

Short range interaction

FluxCross section with free electron

Reduced mass



Result for contact interaction case

HA, Pospelov, Pradler, Ritz 1708.03642 



Comparison with lower threshold experiment 
SENSEI 1901.10478, 0.177 gram-days



Comparison with lower threshold experiment 

XENON10 S2 only

XENON1T



Summary

• Assuming the interaction between DM and electrons is short range 
and s-wave, we simulate the reflected flux from the Sum.

• With the help from the Sun, the traditional DM detectors can be 
sensitive to MeV scale DM. 



Outlook

• The uncertainty of the reflected flux
in the large energy region for small
cross sections is large, due to the low 
statistics. It is this region the direct 
detection signal comes from. 
• Since in this region the expected 

number of collision is much smaller 
than one, we may be able to use 
semi analytic method to get a more 
accurate spectrum in this region



Outlook

• In the freeze-in model where the mass of the mediator is small, we 
need to consider the plasma effect. We are also working on this. 


