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SUMMARY.
The Small Magellanic Cloud (SMC) is a disrupted dwarf disk galaxy actively
being tidally stripped by the Milky Way and the LMC, producing extended
structures — the Magellanic Bridge, Wing, and Stream — that overlap with
the SMC main body on the sky but are kinematically distinct. The forthcom-
ing Gaia DR4 catalogue will provide precise photometry and proper motions
for millions of SMC stars, enabling a detailed map of its three-dimensional
structure and kinematic substructure. Depending on the student’s interests,
the project can be extended to investigate the connection between SMC, star-
formation history, and the population of High-Mass X-ray Binaries — linking
the disruption history of the galaxy to the formation of its most extreme stellar
systems.

OBJECTIVES

• Knowledge: galaxy structure and
tidal interactions, stellar evo-
lution, star formation history,
proper motions, the Magellanic
System; optionally: X-ray binary
populations

• Skills: Python, color-magnitude
diagram (CMD) analysis, proper
motion measurements, machine-
learning clustering, probabilistic
population classification

INSTITUTE

• Department of Physics, National
and Kapodistrian University of
Athens (NKUA)

• Dr. G. Vasilopoulos, Prof. D.
Hatzidimitriou

THEORY
by G. V. & D. H.

The SMC is a disrupted dwarf disk
galaxy at ∼60 kpc with an exception-
ally large line-of-sight depth of ∼20 kpc
[1], so stars at very different distances
are projected onto the same sky re-
gion. Combined with distinct kine-
matic components — the SMC disk,
Bridge, and tidal Wing — this pro-
duces broadened and blurred features
in the CMD [2] that cannot be decom-
posed from photometry alone. Gaia
proper motions [3] are key to sepa-
rating these populations, as structures
overlapping on the sky remain kine-
matically distinguishable. A natural
extension concerns the SMC popula-
tion of HMXBs and BeXRBs, which
trace recent star formation [4] and may
preferentially associated with specific
kinematic components, connecting the

galaxy’s disruption history to the for-
mation of its most extreme stellar sys-
tems.

APPLICATIONS
by G. V. & D. H.

Gaia structure and kinemat-
ics. Using Gaia DR4 photometry and
proper motions the student will: (a)
map the SMC line-of-sight depth us-
ing CMD morphology across its full
extent, accounting for reddening and
population mixing; (b) identify kine-
matically distinct populations by com-
bining proper motions with CMD posi-
tion; (c) apply unsupervised machine-
learning (e.g. GMM, HDBSCAN) in
the 4D space of sky position and proper
motion (µα, µδ) to assign probabilistic
membership to the SMC disk or tidal
structures.

HMXBs and star-formation
history. Cross-matching kinematic
maps with SMC HMXB/BeXRB cat-
alogues [4,5] to test whether X-
ray binary surface density correlates
with recent star formation in specific
kinematic components. All analy-
sis in Python with reproducible, well-
documented code.

MAIN PROGRESSION STEPS

• Tier 1: Stellar evolution, galaxy
structure & tidal interactions; in-
troduction to Gaia data prod-
ucts and the Magellanic System;
CMD, proper motion and cluster-
ing exercises; line-of-sight depth
mapping and 4D kinematic anal-
ysis

• Tier 2 (optional): Cross-matching
with HMXB/BeXRB catalogues;
SFH comparison per kinematic
component; statistical analysis of
the HMXB–SFH association

• Other: We also offer the op-
portunity to participate in the
Gaia Doctoral Network work-
shop (Athens, January 2027) for
advanced training and network-
ing with the European Gaia com-
munity

EVALUATION

• Theory grade [20%]
Exercises based on lectures
(50%), journal club article pre-
sentation (50%)

• Practice grade [40%]
Project: clarity of code, under-
standing of context, written re-
port, presentation skills

• Defense grade [40%]

– Oral and slides quality
– Context
– Project / Personal work
– Answers to questions
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