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Motivation: 

when a strong gravitational field is present around an SMBH, dark matter 
with gravitational interactions can congregate and create an environment 
that is far more dense than it would be in other regions.
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Part I: Searching for the signal of WIMP 

annihilation in the shadow of M87*
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EHTC+2019 EHTC+2022
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Milestone Results of Event Horizon Telescope

We could estimate their mass, distance, magnetic field, temperature, 

flux, polarization, size…..



Roberto Aloisio etc, Neutralino annihilation at the galactic center revisited, JCAP(2004).

Marco Regis, Piero Ullio, Multi-wavelength signals of dark matter annihilation at the Galactic center, PRD(2008).

DM-induced electron synchrotron radiation around SMBH:
source function come from WIMP annihilation

Propagation and Radiation of Electron Around SMBH
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injection term

spatial diffusion

advection current and energy gain 

due to the adiabatic compression

radiative losses

Then, we have the solution of the propagation equation around SMBH:



Paolo Gondolo, Joseph Silk, Dark Matter annihilation at the galactic center, PRL(1999)

Thomas Lacroix, etc,  Unique probe of dark matter in the core of M87 with EHT, PRD(2017)

Due to the balance of WIMP accretion 

and annihilation around SMBH, we 
have the WIMP ‘spike’ distribution:

The Distribution of WIMP Around SMBH
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pinj(R1) pinj(R2)

n(r, p)

As the plasma flow onto the central BH, 
there are two competitive physical 
processes take place: 

(a) the particles’ momentum loss due to 
radiative processes; 

(b) the particles gain energy in the 
adiabatic compression.



The synchrotron emissivity annihilated from WIMP per unit frequency at  by an electron 
of energy  present in a magnetic field  is

ν
Ee B

Flux Predicted by WIMP Annihilation
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Flux predicted by WIMP annihilation around M87*Spectra of synchrotron emission

Psyn(ν, Ee, B, θ) =
3e3B sin θ

mec2

ν
νc ∫

∞

ν/νc

dyK5/3(y) .

jsyn(ν, r) = 2∫
Mχ

me

dE⟨Psyn⟩(ν, E, B)ne(r, E)



M87* Limitation for Different WIMP Annihilation Channels
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dark blue contour(30G)

light blue contour(1G)

Guan-Wen Yuan, et al, Constraints on Dark Matter Annihilation from the Event Horizon Telescope Observations of 
M87*, JHEP 04(2022) 018, [arXiv: 2106.05901]



Part II: Detecting the ALP induced polarization 
oscillation with the observations of Sagittarius A*
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Axion/ALP Birefringence Effect
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The axion or axion-like particle (ALP) field can interact with the electromagnetic 
field and give rise to a rotation effect on the photon polarization, which is called 
the birefringence effect. The relevant Lagrangian terms include

w± = k 1 ±
gaγ( ·a + k̂ ⋅ ∇a)

k
≈ k ± 1

2
gaγ∂0a

Δϕ =
1
2 ∫

tobs

temit

(w+ − w−) dt =
1
2

gaγ ∫
tobs

temit

∂0adt =
1
2

gaγ [a (tobs, xobs) − a (temit, xemit)]

The dispersion relation of EoM induce two polarization states propagate:

The difference between the frequencies of the two polarization components 
is translated into the change of the polarization angle for a linearly polarized 
emission:

Where the  and  are the ALP amplitude in observation 
and emission points, respectively.

a(tobs, xobs) a(temit, xemit)
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Soliton Core+NFW Dark Matter Profile

Hsi-Yu Schive, et al, Nature Physics,  2014, 10(7) :496-499

Hsi-Yu Schive, et al, Physical Review Letters, 113, 261302 (2014) 11
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Soliton core for 

ultralight ALP



Data Analysis

with ϕ(t) = Δϕ(t) + ϕbkgThe least   fittingχ2

12M.Johnson, et al, Science,2015, 350(6265):1242-1245

Polarization Data from M.Johnson et al. Fig 3 and Fig.S8

According to  the axion typical oscillation period , we 

could get the  experimental sensitivity mass range .

T =
2π
ma

≃ 4 × 103(
10−18eV

ma
)sec

(2.9 ∼ 29.2) × 10−19eV
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Results

Guan-Wen Yuan, et al, Testing the ALP-photon coupling with polarization measurements of Sagittarius A*, JCAP 
03(2021)018, [arXiv:2008.13662]



Part III: Exploring DM distribution with 

stochastic gravitational wave background
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A New Milestone in GW Astronomy@2023

[NANOGrav: 2306.16213] [EPTA: 2306.16214]

[PPTA: 2306.16215] [CPTA: 2306.16216]

NANOGrav 15yr > 3.5σ EPTA DR2 > 3σ

PPTA DR3~2σ CPTA DR1~4.6σ
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Orbital Evolution of SMBH Binary

Lose energy and angular momentum

Time
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Dark Matter Surrounding SMBHB enhance SGWB

Zhao-Qiang Shen, Guan-Wen Yuan, Yi-Ying Wang, Yuan-Zhu Wang, Dark Matter Spike surrounding Supermassive Black 
Holes Binary and the nanohertz Stochastic Gravaitational Wave Background, [arXiv: 2306.17143].

Braadly Kavanagh,  et al, PRD(2020)



Summary
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Combine two important topics

Observations involved  SMBH 
Such as: EHT/PTA

Dark Matter Detection— 
WIMP/ALP

Searching for the possible signals of DM 
candidates in the observations of SMBH

Muti-messenger era

BH Physics

Formation&Evolution

Annihilation

Oscillation

Accretion

Density

Analyze the phenomenological behavior of DM candidates 
in SMBH observations by Statistical Analysis

+

Our findings can not only shed light on the role that dark matter played in the 
formation and evolution of SMBH, but they can also offer fresh physical 
motivation of future multi-messenger observations of SMBH.

Thanks for Your Attention！


