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The first Galactographic discovery of the XXI century

Elliptic orbits of fast S0 stars around the supermassive black hole SgrA*

Orbits of S0-2 & S0-104
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Virial star velocity v ~ 102 km/s
SO star velocities vso—2 ~ 1.5103 km/s
Vso—16 = 1.2 104 km/s

Mass of the central star cluster 107 Mg, radius 1 pc



The nearest supermassive black hole SgrA*

My, = (4.1 4 0.4)10° M



- The nearest supermassive black hole SgrA*
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Periodic motion in the central field (Landau & Lifshitz, Mechanics)

HHTETPHPOBAHME YPABHEHHRA [BIOKEHMS o un

Ec/n 06MacTh JONYCTHMOr0 HAMEHeHWS r OrpaHiieHa AHIb
OLHUM YCJIOBHEM 2> Fmin, TO JBHIEHHE YACTHUE HHQHHHTHO — ee
TPAEKTOPHS NPHXOAHT H3 GeCKOHEYHOCTH H YXOAHT Ha Geckor >
HOCTb.

Ecan 06712cTb H3MEHEHHS / HMEET ABE TPANHIBL Fmip H Fmax, TO
NBHAEHKE ABASETCS (MHNTHBIM W TPACKTOPHS UCAUKOM JEHHT

BHYTPH KOJIbILA, OFPAHHLCHHOIO OKPYMHOCTAME F == Fingx H == iy

310, 0AHAKO, He 03IHAUAET, UTO TPAGKTOPHA HENPEMCHHQ ABJAACTCHA

BaMKHYTONl KPHBO. 3a BpeMs, B TeUeHHE KOTOPOro r H3MEHAETCH
10 Fmin B B33TEM JIO fmax, PANHYC-BEKTOP nopeprercs

yroa Ag, pasritit cornacto (14,7)
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VenosHe 3aMKHYTOCTH TPAEKTODHH 3aKMI042ETCA B TOM, Yr00ni
5T0T yroa Gl papei PALUHOHAJLHOMR 4aCTH OT 2, T. €. MMEJX BHI
A = 2mumfn, tae m, n—
neasie uncna. Toraa uepes
n NOBTOpeHuii~ 3TOrO me-
PHOZA BPEMEHH pajHyc-
BCKTOP TOUKH, CHEMaB m
NOJIBEIX  060POTOB, COBMA-
AT €O CHOMM Mepmoka-
MABHBIM SHAYEHHEM, T. €.
TPAEKTOPHS 3aMKHETCH,
Oanako KHe CcaydaH
HCKIIOUHTEABHE, H  Npu
npoussoapHoM Bane U(r)
yron Ag ue spaseTcA pa-
MHOHABHOR YacThIO OT 27,
Tostomy B obmem cayaae
TpaeKTOpHA  (pMHHTHOTO
JBHKEHHS He 3aMKHYTA.
Ona Gecuncaennoe YHCAO
pa3 MPOXOJHT YEPE3 MHHH-
MasbHOe W MAKCHMAnbHOE
paccTosHe (Kax, wanpu-
mep, Ha piuc. 9) H 3a GecKoHeuHOe BpeMs 3aMOJHAGT BCe KOJBUO

WLy MBYMA TPAHHUHBME OKPYIKHOCTAMH.

CymecTsyloT JHb IBA THNA LEHTPATBHEX HOJefi, B KOTOPHIX
BCe TPAEKTOPHH QHHHTHHX ABHKEHH 3AMKHYTH. ITO MOAA, B KO-
TOpHIX NOTeNHajdbHAS 3SHEPrHA HACTHIUW uponopuuonansha 1/r
uan r* [lepeeifi u3 3THX Cyuaes PaccMOTPeH B CienyiouleM Na-
parpade, 2 BTOPOH COOTBETCTBYeT TaK npocTpans
CTBEHHOMY OCHUAIATOPY (cM, safauy 3 § 23),




Power density profile of dark matter (DM)

p(r) = pn <é>_ﬁ

Influence radius of black hole

" = CMh 4 pc,  (vp) ~ 102 km/s
(Vn)
B =7/4 — finite DM Gurevich 1964
B =1/2 — infinite DM Zeldovich & Novikov 1971
B =1.7—-1.9 — DM galactic halo Gurevich & Zybin 1988
B =1—3 — numerical DM halo simulation NFW 1995



- Precession angle during one orbital period ¢

 Power DM profile p o< r="?

Correction to the black hole potential

- Ar*-P 4+ G 4 c, if B #2,
- 47erhrhmInr+C2+C, it 3=2,

A= 47erhrh m/[(3 — B)(2 — B)]

Precession angle (Landau & Lifshitz, Mechanics)

56 = (2"' [ 2(¢)6Ud¢)

]

r(®) = p(1+ ecos )1, p = L?/(GMym) = a(1 — e?)
e=0.89 rpb=a(l—e)=0.58 mpc, r,=a(l4+e) =9.4 mpc



- Precession angle during one orbital period ¢
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p = L?/(GMgum) = a(1 — e*) — orbit parameter
L — conserved angular momentum of star

Hypergeomertic function

1
2F1 (a,b;c; 2) = r(c)_ 5 / tb-l(1—t)c bl (1—tz)~?dt
0

r(b)r(c

1. Gauss relations for the adjacent Hypergeomertic functions

2. Method of osculating elements

3. P. E. El'yasberg “Theory of Flight of Artificial Earth Satellites”
(Nauka, Moscow, 1965; Israel Program for Sci. Transl., Jerusalem, 1967),
Chap. 11



Weighing of DM in the Galactic Center:

Total mass of DM inside sphere of radius r

47rphr'6 _ _
Mp(r) = 3 _ﬂh r3=F — Rr:ilinﬁ

Rin — minimal radius of DM distribution

DM fraction inside SO star orbit

Mpwm(ra)
My,

?

3

ra=a(l+e) <1072 nk — apsidal radius of SO star

Mpwm =7



Left: star trajectory in the viewing plane
Right: star trajectory in the orbit plane



- Fermi-Lat: gamma-radiation from Galactic Center
 After reduction of the known background sources




Orbit precession of S0-2 star d¢

in dependence of density profile index of DM distribution 3
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Mass fraction of DM &

in dependence of DM density profile index 3 for
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Sommerfeld enhancement
DM mass fraction ¢ in dependence of 7




- Conclusion

e Observations of the nonrelativistic precession of SO star
orbits is a promising method for measuring the total DM
mass near the supermassive black hole SgrA* at the
Galactic Center

e An analytical expression for the precession angle has
been obtained under the assumption of a power-law
profile of the DM density

e The large telescopes in the near future will be able to
measure or constrain the precession of SO star orbits,
providing the strong DM limitation



