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lSynchrotron emission around SMBH due to DM annihilation    

l Introduction to DM spike model   
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Cosmic-Ray (CR) physics

l WIMP detections
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lDM candidates
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l WIMP Liimits

CMB energy injection 



l DM spike model

l Scaling relation arguments 

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

P. Gondolo & J. Silk,PRL 83(1999) 1719{1722, [astro-ph/9906391]

O. Y. Gnedin & J. R. Primack, PRL 93 (2004) 061302, [astro-ph/0308385]

P. Ullio, H. Zhao & M. Kamionkowski, PRD 64 (2001) 043504, [astro-ph/0101481]

R. Aloisio, P. Blasi & A. V. Olinto, JCAP 05 (2004) 007, [astro-ph/0402588]

T. Lacroix, M. Karami, A. E. Broderick, J. Silk & C. Boehm, PRD 96 (2017) 063008,[1611.01961]

P. Dehnen, MNRAS 265,250-256 (1993)

G.D. Quinlan, Hernquist, S.sigurdsson , APJ 440;554-564250-256 (1995)

G.D. Quinlan, Hernquist, S.sigurdsson , APJ 440;554-564250-256 (1995)

Conservation of mass

Conservation of angular momentum 

Assume a power-low initial density profile
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l General phase space arguments 

Density of state

Distribution  function

Invariance of radial action

Conservation of mss

l Final density profile is determined  by exact form of  distubution function

Differential energy distribution 

with 



l Approximate analytical distribution function for NFW profile 

l Final DM density profile 

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

 complete elliptic integrals
l Comparison of full numerical and pproximate power-

low  



l Saturate DM density

EHT observational areas
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l DM spike profile with annihilation 

l Spike with DM annihilation 

age of SMBH

spike radius



l Constraints DM spike at the GC from stellar orbits

Z-Q Shen et al.,2303.09284 [astro-ph]



l First image of a SMBHl  VLBI: Very Long Baseline Interferometry, an 
      Earth-sized interferometer. 

l The EHT project

l  EHT collaboration: focus on improving the   
capability of VLBI at short wavelengths.

EHT collaboration, Astrophys. J. Lett. 875 (2019) L1, [1906.11238]

l Synchrotron emission due to WIMP annihilations can be stringently constrainted!



power of synchrotron emission

Specific intensity：radiative transfer equation

emissivity

source function

injection spectrum

outside accretion radius ：
propagation equation

annihilation rate

inside accretion radius：integral 
analytic solution

injection momentum

electron and positron energy spectrum

relativistic Doppler effect and
gravitational redshift

Calculation framework 
R. Aloisio, P. Blasi & A. V. Olinto, JCAP 05 (2004) 007, [astro-ph/0402588]
T. Lacroix, M. Karami, A. E. Broderick, J. Silk & C. Boehm, PRD 96 (2017) 063008,[1611.01961]



l Spectra of synchrotron emission from DM annihilation
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l Bnechmark flux for four annihilation channels



l Limits on WIMP annihilation cross sections



l Realistic magnetic field model from GRMHD

l Characteristic electron trajectory configuration captured by the magnetic lines

Future  work for improvement 

l The effect of the accretion disk

l GR effect on electron injection momentum 

Yifan Chen et al. in preparation
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