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Introduction



® Evidences for DM

= Rotation curves = LSS = Bullet cluster

Observations

gom2) om BV

s\ai\‘%“&

i 2 30
S R (x 10001y

Planck



®DM candidates ® DM detections
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e Multi-frequency observations
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® Current and future radio and microwave
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llluminating M87* Inner Shadow with
DM Annihilation



® The Event Horizon Telescope (EHT) project

® EHT collaboration: an internationalcollaboration ® Firstimage of a SMBH: M87*
capturing images of black holes using a virtual
Earth-sized telescope based on VLBI (Very Long MS&T* April 11, 2017

Baseline Interferometry) Technology.

® Primary Observing Targets:

¢ Sgr A*: the SMBH at the center of the Milky Way.
¢ M87* the SMBH living at M87 center (a giant
elliptical galaxy in the constellation Virgo).

® The resolution achievable on Sgr A* with
current and future EHT baselines.
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e DM spike scenario

® Adiabatic growth of SMBH will significantly enhance the DM density and form a spiky structure.
P. Dehnen, MNRAS 265,250-256 (1993) G.D. Quinlan, Hernquist, S.sigurdsson , APJ 440;554-564250-256 (1995)

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

® Approximate power-low model 101 | MK * mpy =10GeV
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® Synchrotron emission around SMBH due to DM annihilation
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® DM annihilation energy spectra

10?
—-= xx = ptpT, m=0.5GeV xx = qgq, m=05GeV

PPPCADMID(mpy>5GeV) T
— XX = M T, my=1GeV XX »q§ my=1GeV

— xx > ete’, m=1GeV

A

101 .

‘fast’ mode

MadDM(MadGraph) —
S
‘ gy o
precise’ mode Q
(Mpy<5GeV) i
L
l
v FeynRules
UFO
MadDM
MadGraph5 aMC@NLO
Relic density - MadEvent
. — N
Direct detection Pythia8
Indirect detection N y 1073 . : .
Dragon2 104 10-3 102 101 10°
Exin [GeV]




Electron-positron energy spectra and number
density
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® Magnetic field model Based on GRMHD
simulations

Magnetic field strength B/G and direction in s-z plane
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® [ntensity Map of synchrontron emission
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® Limits on DM annihilation cross sections
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DM Constraints from Diffuse Galactic
Radio emission



® Sky Maps from observation: 10 MHz to 857 GHz
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® Modeling diffuse Galactic radio emission

Astrophysical emission components: Synchrotron + CMB + Free—free emission + Thermal dust,

galprop v57 PLANCK template model
T.A. Porter, G. Johannesson and I.V. Moskalenko, [2112.12745] PLANCK collaboration, PAstron. Astrophys. [1502.01588]
Component Free Parameters and Priors ~ Brightness Temperature, 7;(v) [ uKrs ] Additional Information
CMB TMB(v) = 109 I, T) = 2 o s Tomm =T
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® Propagation model Astrophysicl:al injection
oY(7,p,t) |’ I - = 0 0 1 0 P, =
TOB Y a7, p, O - (DeaVep — Vo) |emp? Dy — —p |- | [pyp — 2(V - 7 ]
® Propagation parameters ® Galactic Magnetic Field (GMF) model
parameters | Dy .,[10%%cm?s~ 1] | D [MV] Dy, [MV] 5
values 4.161 4.0e3 4.3e30 0.35271
parameters 09 i diff_ reacc (for galprop) | V¢ [km s

values 0.404 1.0 -1 15.32
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® Likelihood function
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® Intensity from DM annihilation
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Limits on Primordial Black Hole as DM
with X-ray observations



® PBH as a DM candidate

® Production mechanism of PBH

Large curvature perturbations generated during
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® Constraints on the PBH DM for a
monochromatic mass function

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

® PBH Hawking evaporation

® Primary emission spectrum
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® Preliminary results

EGRET 30-50MeV
COMPTEL 0.75-30 MeV count/deg?/cm?/s
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Summary

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

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.

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.

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