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The �rst Gala
tographi
 dis
overy of the XXI 
entury

Ellipti
 orbits of fast S0 stars around the supermassive bla
k hole SgrA*

Virial star velo
ity v ∼ 102 km/s

S0 star velo
ities v

S0−2 ≃ 1.5 103 km/s

v

S0−16 ≃ 1.2 104 km/s

Mass of the 
entral star 
luster 107M⊙, radius 1 p




The nearest supermassive bla
k hole SgrA*

M

h

= (4.1 ± 0.4)106M⊙



The nearest supermassive bla
k hole SgrA*

S0-102: Tϕ=11.5 yrs S0-2: Tϕ=16 yrs, M

h

=(4.1± 0.4)106M⊙



Periodi
 motion in the 
entral �eld (Landau & Lifshitz, Me
hani
s)



Power density pro�le of dark matter (DM)
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h

(
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In�uen
e radius of bla
k hole

r

h

=
GM

h

〈v
h

〉
∼ 1 p
, 〈v

h

〉 ∼ 102 km/s

β = 7/4 � �nite DM Gurevi
h 1964

β = 1/2 � in�nite DM Zeldovi
h & Novikov 1971

β = 1.7− 1.9 � DM gala
ti
 halo Gurevi
h & Zybin 1988

β = 1 − 3 � numeri
al DM halo simulation NFW 1995



Pre
ession angle during one orbital period δφ
Power DM pro�le ρ ∝ r

−β

Corre
tion to the bla
k hole potential
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Pre
ession angle (Landau & Lifshitz, Me
hani
s)
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e = 0.89, r
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= a(1− e) = 0.58 mp
, r

a

= a(1+ e) = 9.4 mp




Pre
ession angle during one orbital period δφ

δφ = −
4π2ρ
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2) � orbit parameter

L � 
onserved angular momentum of star

Hypergeomerti
 fun
tion

2F1 (a, b; 
; z) =
Γ(
)

Γ(b)Γ(
 − b)

1
∫
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1. Gauss relations for the adja
ent Hypergeomerti
 fun
tions

2. Method of os
ulating elements

3. P. E. El'yasberg �Theory of Flight of Arti�
ial Earth Satellites�

(Nauka, Mos
ow, 1965; Israel Program for S
i. Transl., Jerusalem, 1967),

Chap. 11



Weighing of DM in the Gala
ti
 Center: MDM =?

Total mass of DM inside sphere of radius r

MDM(r) =
4πρ
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Rmin � minimal radius of DM distribution

DM fra
tion inside S0 star orbit

ξ ≡
MDM(r

a

)

M

h

=?

r

a

= a(1 + e) ≤ 10−2
ïê � apsidal radius of S0 star



Fitting of S0-2 star orbit: ξ = 3 10−2
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Left: star traje
tory in the viewing plane

Right: star traje
tory in the orbit plane



Fermi-Lat: gamma-radiation from Gala
ti
 Center

After redu
tion of the known ba
kground sour
es



Orbit pre
ession of S0-2 star δφ
in dependen
e of density pro�le index of DM distribution β

Colored region ex
luded by DM parti
les annihilation (neutralino)



Mass fra
tion of DM ξ
in dependen
e of DM density pro�le index β for δφ = 0.01

Colored region ex
luded by DM parti
les annihilation (neutralino)



Sommerfeld enhan
ement

DM mass fra
tion ξ in dependen
e of η

〈σv〉 = 〈σv〉0

(

v0

v

)η



Con
lusion

Observations of the nonrelativisti
 pre
ession of S0 star

orbits is a promising method for measuring the total DM

mass near the supermassive bla
k hole SgrA* at the

Gala
ti
 Center

An analyti
al expression for the pre
ession angle has

been obtained under the assumption of a power-law

pro�le of the DM density

The large teles
opes in the near future will be able to

measure or 
onstrain the pre
ession of S0 star orbits,

providing the strong DM limitation


