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Missing O-stars within the S-cluster

— population of young stars in the innermost parsec
(e.g. Ghez+ 2003, 2005; Genzel+ 2003; Paumard+ 2006;
Lu+ 2009; Gillessen+ 2009, 2017; Bartko+ 2009, 2010;
Do+ 2013; Lu+ 2013; Yelda+ 2014; Habibi+ 2017;
Ali+ 2020; von Fellenberg+ 2022 and many others)

— many O-stars farther than 0.04 pc from Sgr A* (=~ 5 Myr old),
no O-star closer than 0.04 pc (the S-cluster). .. why?

stars in both regions seem to be coeval (Habibi+ 2017)

Ll

different star formation outcomes in one event?
initial mass function high-mass end cut near Sgr A*?
formation scenario for the S-cluster still debated

— O-stars selectively taken out?
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Collisions naturally selective — the star grinder

— a star in the sea of projectiles
— encounters closer than R,: 1/t o< noR? (1 + vZ/202)

teoll ... time between collisions

n ... projectile number density

o ... velocity dispersion

R, ... stellar radius

Vo ... escape speed from the stellar surface

(Binney & Tremaine 2008)

— large O-stars destroyed first, smaller B-stars survive longer:
tOstars ~ 5 Myr = n ~ 2 x 108 pc3 = ¢Bstars ~ 55 Myr
(Haas+ 2025)

— destructive collisions with what?
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Stellar black holes and their formation channels

— expected and potentially destructive
— inward migration through the larger nuclear star cluster
not effective (Baumgardt+ 2018)

— recurrent in-situ massive star formation works if continuous
(Haas+ 2025)

— remnant population from the supermassive black hole Sgr A*
formation (Kroupa+ 2020) not yet constrained
— collapse of a supermassive cluster of stellar black holes
at the centre of a forming galaxy
— first stage: gas infall
— second stage: gravitational waves emission
— not all black holes merge. ..
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Radial density profile of the grinding stellar black holes
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Very related points

— hydrodynamics of the collisions of stars with stellar black
holes investigated in Wirth+ (to be submitted soon),
partially already known (Kremer+ 2022)

— collisions of stars with stellar black holes in a different context
considered in the past (Dale++ 2009; Davies+ 2011)

— rate of the collisions does not depend on the projectile
mass/type, their destructivity does, however

— collisions of stars with stars lead to rather constructive stellar
mergers farther than 0.01 pc from Sgr A* (Rose+ 2023)
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Conclusions

— O-stars within the S-cluster may have been ground down
by a large population of stellar black holes yet to be discovered

— B-stars within the S-cluster should generally be younger
than 55 Myr (except for some fresh deliveries)

— grinding does not stop with the B-stars but gets more
complex for smaller stars and thus longer timescales

— see the 'star grinder’ paper: Haas+ 2025 (A&A, 695, L19)
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Intermediate-mass black hole incubators
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Stellar black hole clusters from starbursts Black hole cluster collapse
to an intermediate-mass black hole
. star clusters formed during starburst periods as massive as
1077 Mo (Weidner et al. 2004)
— black holes subject to the friction on the gas, their cluster
— total mass of the evolved stellar black holes My 2 104 M chrinks
regardless of the stellar initial mass function of the cluster
—at t = t,, the gravitational wave emission by the

s massive stars/black holes dynamically mass-segregate at accelerating black holes starts to dominate

the cluster centres, low-mass stars in the outskirts
—the cluster almost instantly collapses into an

s outskirts stripped by the galactic tides in galactic nuclei, intermediate-mass black hole (Kroupa et al. 2020)

dark star clusters are formed (Banerjee & Kroupa 2011)

— t, = 2 Myr for a cluster of 10° equal-mass black holes with
mpy = 10M; whose initial radius is 7, = 0.1 pc and the
total gas mass within the cluster A1, = 10 M, (see Figure)

— starburst period ~ 1 Gyr ago reported for the Milky Way
(Nogueras-Lara et al. 2020)

— five intermediate-mass black hole candidates reported in

the central molecular zone of the Milky Way (Maillard et

Gas accretion onto the black hole clusters al. 2004, Oka et al. 2016, Tsuboi et al. 2017, Takekawa
et al. 2019a,b, 2020, PeiBker et al. 2024)

— black hole clusters accrete the gas from their momentary

surroundings 05 Parameters: mgy = 10.0M, ng=1.0
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