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Young stars in the Galactic Centre

Hel stars
e spectral type O,B, Wolf-Rayet stars, N =~ 200
e age of =~ 2 — 6 Myr
e Clockwise stellar disc (CWS)
o inner edge at ~ 0.04 pc
o moderate eccentricities, (e) ~ 0.3
e statistical arguments for exitence of more structures
S-stars
e spectral type B, N < 20
o ~ 6Myr < age < 15Myr < 100 Myr (Habibi et al. 2017)
e a < 0.02pc, highly eccentric and randomly oriented orbits

Paradox of youth



Star formation in the Galactic Centre

Fragmentation of massive (> 10*M,) gaseous disc (e.g. Bonnell &
Rice 2008, Hobbs & Nayakshin 2009, Mapelli et al. 2012)

Run B

Mapelli et al. 2012



Transportation of stars towards SgrA*

Paradox of youth remains — for S-stars at least — need to shrink
the orbit by a factor of ~ 10

e two-body relaxation does not work (it does a bit —
see Subr & Haas 2014)

e gas drag (L.S. and others; to be revisited)

o few-body dynamics — the Hills (1991) mechanism
Where do the binaries come from?

e ot of star formation within 100 pc from SgrA*

e nuclear star cluster / CWS / parent star-forming disc

e need to push stars (binaries) to near-radial orbits!



Kozai-Lidov mechanism

Broken spherical symmetry —
angular momentum is not an
integral of motion —
oscillations of eccentricity and
inclination, keeping fixed value
of c=+v1—e?cosi

(von Zeipel 1909, Kozai 1962,
Lidov 1962)
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Eccentric (octupole) Kozai-Lidov mechanism
o (e.g. Katz et al. 2011, Lithwick & Naoz 2011, Li et al. 2014)

e adiabatic changes of the Kozai integral ¢
e more robust with respect to the damping effects (Haas & Subr

2021)
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Eccentric (octupole) Kozai-Lidov mechanism
o (e.g. Katz et al. 2011, Lithwick & Naoz 2011, Li et al. 2014)
e adiabatic changes of the Kozai integral ¢

e more robust with respect to the damping effects (Haas & Subr
2021)
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Model

e SMBH + 2000 stars on Keplerian orbits
o semi-major axes a € (0.04,0.4) pc
e € (0,0.9), (e) ~ 0.4, eccentricity gradient

o common direction of eccentricity vectors (nested ellipses)
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half-opening angle of 2°
top-heavy IMF, Mx € (1,150)My, n(M,) oc M1
o 100% binary fraction
e direct N-body integrator NBODY6
e see Haas & Subr 2016 and Subr & Haas 2016 for more details
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Results — radial distribution

e diffusion below the initial inner edge down to =~ 0.02 pc

e Hills mechanism brings stars below 0.02 pc

o (Ng) ~ 13, (Ngs) ~ 33 — would be reduced due to damping of
K-L oscillations
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Results — eccentricity and inclination

e nearly thermal distribution of eccentricities

e initially preferably corotating and counterrotating orbits get
randomised due to vector resonant relaxation induced by old
spherical cusp
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Binaries and merger products

e model requires high binary fraction — possible observational test
e model predicts up to 15% of massive stars to merge
e see also talk of Myank Singhal later today
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Hyper-velocity stars

In the Galactic Halo (e.g. Brown et al. 2014)
e several tens of B-type HVSs known so far
e r 2 50kpc, v 2 300km/s > vesc
e velocity vectors of some of them suggest GC origin
e flight time from the GC = 50 Myr

e are there their counterparts in the GC?

“In" the Galaxy: S5-HVS1 (Koposov et al. 2020)
e r < 8kpe, v > 1200km/s

e velocity vector points directly from the GC

o flight time from the GC ~ 5 Myr

e position compatible with our model (Singhal et al. 2025, IAUS
398)



Hyper-velocity stars
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Further consequences — tidal disruptions

tidally disrupted stars from the disc (= 3/Myr) + from the cusp
(=~ 30/Myr)

old stellar cusp: :zg :
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Conclusions

e combination of eccentric K-L oscillations and Hills mechanism
naturally leads to the population of S-stars, solving their
paradox of youth

e large initial binary fraction = large current-day binary fraction
= stellar collisions (up to 15% of massive stars) —
observations?

e HVSs in the Galactic halo = = 50 Myr old B-type S-stars (but
not only them!) — observations?

e specific distribution of velocity vectors of the HVSs —
observations?



Damping of Kozai-Lidov oscillations

perturber on circular orbit perturber on eccentric orbit
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