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o Probing density spike of dark matter around black hole of the Galaxy

o Probing specific couplings between ultra-light bosonic dark matter and
standard model particles
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Observational evidence of dark matter
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Dark matter candidates
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Stellar kinematics around SMBH in the Galactic center
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Using the precision measurements of orbits and kinematics of S stars in the
Galactic center, a compact object with mass of ~4 million solar mass was
revealed, which is consistent with a supermassive black hole.
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Probing density spike of dark matter around black hole of the Galaxy
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Dark matter distribution in the Milky Way

Aquarius simulation

10° ——
— NFW
- = Einasto
Isothermal
== Burkert
10° — Moore
e
|
I
~ 10
@
Q
= 18
1072}
-4
10 P | | i
10 - 10” 10° 10° 10°
r(kpc)



Density spike due to adiabatic growth of black hole

0 : Density spike
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Density spike due to adiabatic growth of black hole
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S-stars in the GC observed by VLT/Keck

Keck Observatory@UCLA
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Orbital model

1PN equation of motion
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For NFW or steeper profile, the model prediction by Gondolo & Silk is in conflict

with the data at the 95% C.L.
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o Probing specific couplings between ultra-light bosonic dark matter and

Content

standard model particles
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Ultralight scalar dark matter around SMBH

The solution of Klein-Gordon equation in the Kerr metric gives
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DM-SM coupling

Higgs portal interaction Photon portal interaction
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Both the mass distribution and the velocity perturbation are relevant!
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Constraints on the DM mass within S2’s orbit
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The mass of the ultralight scalar dark matter 1s constrained to be ~1000 - 4000 M,
Different from astrophysical extended mass distribution due to the DM-SM coupling
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Constraints on the DM-SM coupling

For large axion mass, the cloud 1s concentrated, and becomes degenerate with the SMBH
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o For small axion mass, the cloud is very extended. Since the extra mass 1s constrained, the
expected frequency shift 1s small
o

Higgs Coupling B
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Summary

Candidates of dark matter cover a very broad parameter space, which
result in big challenges 1n detecting dark matter

Precise measurements of stellar orbits and kinematics around the Galactic

center S

H offer a unique probe of specific kinds of dark matter

Using the VLT and Keck observations of S-stars, we obtain stringent
constraints on the density profile of particle dark matter, and the coupling
strength of wave dark matter with standard model particle

Thanks for your attention!
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