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l DM detections
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l Multi-frequency observations l Current and future radio and microwave 
observations



Illuminating M87* Inner Shadow with 
DM Annihilation



l The Event Horizon Telescope (EHT) project

l EHT collaboration: an internationalcollaboration    
capturing images of black holes using a virtual 
Earth-sized telescope  based on VLBI (Very Long 
Baseline Interferometry) Technology.

l The resolution achievable on Sgr A* with 
current and future EHT baselines.

l Primary Observing Targets:
u Sgr A*: the SMBH at the center of the Milky Way.
u M87*:  the SMBH living at M87 center (a giant 

elliptical galaxy in the constellation Virgo).

l First image of a SMBH: M87*



l DM spike scenario

l Adiabatic growth of SMBH will significantly enhance the DM density and form a spiky structure. 

P. Gondolo & J. Silk,PRL 83(1999) 

P. Dehnen, MNRAS 265,250-256 (1993) G.D. Quinlan, Hernquist, S.sigurdsson , APJ 440;554-564250-256 (1995)

l Approximate power-low model 
P. Gondolo & J. Silk,PRL 83(1999)

l DM spike profile with annihilation 



l Synchrotron emission around SMBH due to DM annihilation 

Magnetic Field Profiles from GRMHD

DM annihilation source  

Propagation of electrons and positrons 

Fully GR covariant radiative transfer equation

Intensity Map of synchrontron emission

Electron-positron energy spectra and number density

 Limits on 
DM annihilations 

Magnetic Field model from GRMHD

Intensity Map of astrophysical 
background



l DM annihilation energy spectra



l Electron-positron energy spectra and number 
density

l Magnetic field model Based on GRMHD 
simulations

Jet

Disk



l Intensity Map of synchrontron emission l Limits on DM annihilation cross sections



DM Constraints from Diffuse Galactic 
Radio emission 



l Sky Maps from observation：10 MHz to 857 GHz



l Modeling diffuse Galactic radio emission

Astrophysical emission components：Synchrotron + CMB + Free–free emission + Thermal dust

galprop_v57
PLANCK collaboration, PAstron. Astrophys.  [1502.01588]

PLANCK template model

l Propagation model

l Propagation parameters l Galactic Magnetic Field (GMF) model

T.A. Porter, G. Johannesson and I.V. Moskalenko, [2112.12745]

Astrophysical injection



l Likelihood function

l Total intensity l Sky maps



l Intensity from DM annihilation



l Constraints from combined individual sky map

l Constraints from the total intensity





Limits on Primordial Black Hole as DM 
with X-ray observations



A. Escriva, F. Kuhnel and Y. Tada, [2211.05767]

mass windows

l Production mechanism of PBH l Constraints on the PBH DM for a
     monochromatic mass function

mass windows

Large curvature perturbations generated during 
inflation

l PBH as a DM candidate

Constraints:  evaporation, lensing dynamical, accretion,          
CMB, GW, primordial perturbations



BlackHawk + hazama

l PBH Hawking evaporation

l Primary emission spectrum 

l Number of electron-positron injected by PBHs evaporation

l Temperature



l Preliminary results



l We present the advanced calculations of DM annihilation near SMBH M87*. 

l We developed a comprehensive framework to calculate electron-positron propagation 
under strong gravity and magnetic fields, based on  GRMHD simulations that are best-fit to 
current intensity and polarimetric observations of the SMBH.

l Our study shows a possible way for DM searches through the morphology of BH images, 
including significant exclusion results based on current and projected EHT observations. 

l These results provide immediate relevance and significance, showcasing the ability of 
existing EHT data to contribute to DM studies. 

Summary  
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