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Most newborn stars form in star clusters (SCs), making them fundamental building blocks of their host galaxies.
The properties of SC populations, such as the mass–radius relation (MRR), encode information on cluster structure
at birth and effects of subsequent dynamical evolution. Observational constraints on the MRR, its evolution, and
environmental dependence, provide crucial tests of star and cluster formation models, as well as theories of SC
dynamical evolution. The Andromeda galaxy (M31) is ideal for such studies due to its proximity, large cluster
sample, and similarity to the Milky Way.
This study is based on observations obtained with the Hubble Space Telescope as part of the Panchromatic

Hubble Andromeda Treasury (PHAT) survey [1]. We use the M31 SC catalogue [2], which provides cluster physical
(age, mass, and extinction) and structural parameters derived for 1922 SCs from integrated aperture photometry.
Within the first∼50Myr, SCs undergo rapid expansion (Fig. 1a-d), with the mean half-light radius, Rh, increasing

by a factor of two (from ∼0.7 pc to ∼1.4 pc). We attribute this early expansion to stellar evolution effects, including
massive star feedback, supernovae, and mass loss due to the expulsion of primordial gas.
For clusters older than ∼100 Myr (Fig. 1e-i), a shallow MRR emerges, with Rh ∝ M0.17±0.01. This slope is

shallower than those reported for more distant galaxies (Rh ∝ M0.25−0.33; [3]). A comparison with the other Local
Group galaxies reveals power-law indices ranging from 0.06 to 0.50. These results suggest a possible environmental
dependence of the MRR. Furthermore, the observed relation for M31 SCs is significantly shallower than the initial
MRR predicted from the cluster formation models (Rh ∝ M1/2 orM1/3; [4]), but steeper than the equilibrium relation
resulting from the combined effects of tidal shocks and two-body relaxation on cluster evolution (Rh ∝ M1/9; [5]).
These discrepancies indicate that current theoretical models may be missing important physical processes relevant
to cluster evolution in disc environments.

Fig. 1. Mass-radius relation for the M31 disc star clusters. Panels a-h) show cluster distribution in mass-Rh space for age intervals. Panel i) –
Rh versus mass for clusters older than 100 Myr; solid red line marks best-fit MRR power-law. In all panels open circles mark 3σ -clipped points.

Acknowledgements
This project has received financial support from the Research Council of Lithuania (LMTLT), agreement No

S-MIP-24-98.

[1] J. J. Dalcanton et al., “The Panchromatic Hubble Andromeda Treasury,” The Astrophysical Journal Supplement Series, vol. 200, no. 2, p. 18, May 2012, doi:
10.1088/0067-0049/200/2/18.

[2] E. Kriščiūnas et al., “Deriving physical parameters of unresolved star clusters. X. The M 31 disc PHAT clusters,” Astronomy & Astrophysics, submitted, in
revision.

[3] G. Brown and O. Y. Gnedin, “Radii of young star clusters in nearby galaxies,” Monthly Notices of the Royal Astronomical Society, vol. 508, no. 4, pp.
5935–5953, Oct. 2021, doi: 10.1093/mnras/stab2907.

[4] N. Choksi and J. M. D. Kruijssen, “On the initial mass–radius relation of stellar clusters,” Monthly Notices of the Royal Astronomical Society, vol. 507, no. 4,
pp. 5492–5506, Sep. 2021, doi: 10.1093/mnras/stab2514.

[5] M. Gieles and F. Renaud, “If it does not kill them, it makes them stronger: collisional evolution of star clusters with tidal shocks,” Monthly Notices of the Royal
Astronomical Society Letters, vol. 463, no. 1, pp. L103–L107, Jul. 2016, doi: 10.1093/mnrasl/slw163.


