“Binary-single star interactions can
explain why some dynamically-young

globular clusters have their first and second
stellar populations spatially mixed.”

Examples: dynamically-young GCs

Insights into spatial mixing
of multiple populations in

- P2 is centrally concentrated

SN R s e ? £ 1.0 ‘
o "NGC'5024 .
dynamically-young globular clusters Toianad o N
-
K € 0.6
Vaclav Pavlik }? (pavlik@asu.cas.cz), Melvyn B. Davies®, Ellen Leitinger *°, Holger i % dynamical age
Baumgardt ¢, Alexey Bobrick 7% Ivan Cabrera-Ziri *°, Michael Hilker °, Andrew J. Winter 11213 z 04 133 % 007 T
Introduction E — p2
2 %% 5 a 6

e Most galactic globular clusters (GCs) contain at least two populations of stars.
e It is conventionally assumed that the second population (P2) is more centrally
concentrated at birth than the first population (P1).
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e However, the radial distributions of P1 and P2 stars are vastly different in GCs t s 0
of similar dynamically-young age, e.g. 1-2 relaxation times (Tw). % .
(see also, e.g. Bastian & Lardo 2018; Lacchin et al. 2022; Leitinger et al. 2023; 2025) g é '
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Why are P1 and P2 mixed (or even inverted) so quickly in certain GCs? ° 3 oa 115 £ 0.1 T

Are there some more complex dynamical processes specific to these GCs? § 021 R
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Methods

e We focus on the expansion of central P2 stars via
binary-single interactions in the core (see the drawing).
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e We use direct N-body models of GCs with primordial ‘\_/q NGC 5053 g 3 o
binaries (different masses, semi-major axes, and counts). S s 08
e Initially, we assume all central stars are P2 and all stars beyond - X .
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c 0 2 4 6

e However, in dense GCs, massive binary stars can push central stars outwards
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and fully mix P1 and P2 stars in less than two relaxation times. t v g
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e Our simple model can replicate the properties of some observed mixed GCs, -
such as NGC 5053, 4590, 5904 and others (compare the figures above and on the $ 02 — Pl
. . O — P2
right-hand side). £ ool : 4 :

e Our models also agree with theoretical estimates which we further discuss in the

upcoming paper.
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(GC data and numerical values in this section were taken from Leitinger et al. 2023)

References:
Bastian & Lardo, 2018, ARA&A, 56, 83
Leitinger et al., 2023, MNRAS, 520, 1456

Lacchin et al., 2022, MNRAS, 517, 1171
Leitinger et al.,, 2025, A&A, 694, A184

Acknowledgements:

This research used computational resources from e-INFRA CZ (project ID:90254), supported by the Ministry of Education,
Youth and Sports of the Czech Republic; and the computational cluster Virgo at the Astronomical Institute of the Czech
Academy of Sciences. V.P. is funded by the European Union’s Horizon Europe and the Central Bohemian Region under the
Marie Sktodowska-Curie Actions - COFUND, grant agreement 101081195 (“MERIT”). V.P. also acknowledges support from the
project RV0:67985815 at the Czech Academy of Sciences. A.B. acknowledges support from the Australian Research Council
(ARC) Centre of Excellence for Gravitational Wave Discovery (OzGrav), through project number CE230100016. M.H.
acknowledges financial support from the Excellence Cluster ORIGINS which is funded by the Deutsche
Forschungsgemeinschaft (DFG, German Research Foundation) under Germany’s Excellence Strategy - EXC2094-390783311.
E.L. acknowledges support from the ERC Consolidator Grant funding scheme (project ASTEROCHRONOMETRY, G.A. n. 772293).
A.JW. has received funding from the European Union’s Horizon 2020 research and innovation programme under the Marie
Sktodowska-Curie grant agreement No 101104656 and the Royal Society’'s University Research Fellowship, reference
URF\R1\241791.


https://coolors.co/001524-62929e-902d41-f5f5f5-a88fac
https://coolors.co/233d4d-fe7f2d-c5283d-fdfffc-97dffc

