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Dark matter (DM) phenomenon in our Universe
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• DM was discovered by F.Zwicky & S.Smith in 
1930s as a hidden mass in Coma & Virgo 
clusters;

• bears ≈26% of the total energy density of 
Universe;

 is composed by non-SM particles most likely;
 is stable over the age of Universe;
 gravitates as usual matter;
 does not interact much through other SM 

forces;
 must be cold enough to form structures in the 

early Universe → mx > few keV, if produced 
thermally;

 weakly interacting massive particles (WIMPs) are 
the most popular and probable candidate historically.



Main candidates for the role of DM

WIMPs,
neutralino
(χ)

● mx ~ few GeV ÷ 100 TeV;
● thermal production in early 

Universe;
● self-annihilation χ+χ↔SM+SM*;
 The annihilation cross section is 

usually treated as <σv>, since σv is 
supposed to be velocity-
independent in the first 
approximation (s-wave: σ ∝ 1/v).

 The cross section sets WIMP 
abundance Ωχ = 0.26 in Universe:
Ωχ ∝ 1/<σv> ⇔ <σv> ≈ 2·10-26 
cm3/s 

 So-called WIMP miracle: weak 
interaction cross section (assumed 
for annihilation) ~ necessary 
thermal production cross section!



WIMP indirect (astrophysical) searches

a galaxy
(or galaxy 
cluster)

telescope beam

observer

● Intensity distribution on the sky:
Secondary 
emissions are more 
model-dependent 
(MF, propagation).

WIMPs manifest 
mainly in radio 
and gamma-ray 
bands.

Primary 
annihilation 
products are 
unknown apriori.

WIMPs manifest 
mainly in radio 
and gamma-ray 
bands.

● Emissivity:



WIMP indirect searches: current status

● So far we have tested 
only light thermal s-wave 
annihilating WIMPs with 
mx ≲ 0.1 TeV.

● CTA will observe 
Galactic center and probe 
the range mx ~ (0.1÷10) 
TeV in good case 
scenario of cuspy profile.

● Only one alternative 
methodology, which may 
allow to probe all heavy 
WIMPs up to 100 TeV, is 
observations of DM 
density spikes around 
nearby SMBHs!



● SMBH should form very dense DM spike in its local sphere of gravitational influence.
● Prompt gamma-ray emission flux density due to annihilating DM:

● DM density distribution around SMBH:

● Spike radius: 
● Pioneering work: Gondolo & Silk, Phys. Rev. Lett. 83, 9 (1999).
● But: huge model systematic uncertainties due to those in γ and ρ0.

DM density spikes around SMBHs



Comparison of nearby SMBHs

My conclusion: only MW* and M31* are worthwhile targets for WIMP searches. However, 
M31* has never been studied before, which is unfair. And popular M87* is the faintest source.



And M31* is expected to provide even better sensitivity for 
WIMP signal due too much fainter nucleus!



Derivation of sensitivity to WIMP parameters



Fermi-LAT + CTA WIMP sensitivity limits in DM spikes

Deep M31* observations in very high energy band may allow to probe the basic thermal s-
wave annihilating WIMPs up to the highest possible mass = 100 TeV. However, it’s possible 
only in the case of optimistic spike parameter configurations (γ ≳ 2).



Synchrotron emission from DM density spike
● WIMP annihilation produces relativistic electrons and positrons, which emit synchrotron 

in the strong magnetic field (MF) of SMBH accretion flow at microwave frequencies.
● General equation for the calculation of synchrotron emission flux density:

● The synchrotron emission power of single electron:

● Equilibrium spectral concentration of e± comes as solution of transport equation (E=pc):



The obtained thermal and DM e± emission spectra

WIMP signal to thermal background ratio in M31* is larger than that in MW* by ~105 times!



Atacama Large Millimeter Array (ALMA)

Interferometer with 50 main antennas, subarcsecond imaging, covers 30-1000 GHz!



Final results: ALMA sensitivity to WIMP signal in M31*

Observational frequency = 100 GHz, exposure time = 24 hours.



Summary with a broad vision
● Despite of almost a century of research, exact DM nature remains still unknown.
● Easily accessible candidate parameter ranges had been already tested.
● The remaining parameter regions are hard to reach due to weakness of signals in 

comparison with natural astrophysical backgrounds.
● Thus, WIMPs are ruled out for mx ≲ 0.1 TeV, but 0.1÷100 TeV range is still unexplored.
● DM density spikes around the closest SMBHs may provide a progress. However, so far the 

community has been considering unrealistically high spike densities.
● M31* in microwave band represents the unique target, where heavy WIMPs might be 

reached in the case of physically realistic spike with γ ≈ 1.75. Only one competitive 
methodology in the whole field is probably CTA observations of the Galactic center 
region.

● I propose to conduct deep dedicated observations of M31* by ALMA.
● From the most general point of view, DM may not manifest at all beyond gravity.
● I bet on DM discovery either in ~10 years or never.
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