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The Fate of Star Clusters in the Milky Way

-

S. Payne-Wardenaar, S. Jordan, C. Reylé and Smart et al. (2020)
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Gaia and Milky Way Open Clusters

& A

Using Gaia positional data and
HBDScan, Hunt et al. 2023 were

All detected clusters
L] (including duplicates)

Final catalogue

able to detect and catalog 7000+
Milky Way Open Clusters!

' __1 Literature clusters

- Pre-DR3 literature clusters

Count

Nstars
Hunt et al. 2023
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Era of Big Surveys
Gaia GALAH

EHPAC

GAIA: EXPLORING THE MULTI-DIMENSIONAL MILKY WAY
GALAH Main

O 3 .

(=) O. .. - :
B R end e Va0

—120° —60°
TESS-HERMES M

Gal. latitude
<

-5 al. longitude

Stellar Parameters and

. » individual chemical abundances
Precise positions and tor 588 571 stars

velocities of ~2 billion
Milky Way Stars

www.esa.int Credit: ESA/Gaia/DPAC
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Our Method
Dataset and Parameters

T-SNE 2D-Projection

Open Clusters

33 open clusters with 10+ stars with Gaia
and GALAH data

Parameters

Orbital parameters (Gaia): E, Jz, Jr, Jo
Metallicity (GALAH): [Fe/H]
Abundances - [X/Fe]: O, Na, Mg, Al, Si, K,
Ca, Sc, Ti, V, Cr, Mn, Co, Ni, Cu, Ba, Y
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The Curse of Dimensionality!

Nearly 5 million unigue parameter
combinations!

Classifier performance

Dimensionality (number of features)

Optimal number of features

builtin.com

Thus we can consider combinations of 1-5
parameters
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What's the Best Parameter Combination?

V-Measure Score

(1 + B) x homogeneity x completeness
(8 X homogeneity + completeness)

VvV =

Homogeneity Completeness

- - Class 1
- - Class 2

- - Class 3

—

Each cluster only '@\
contains members of a
single class

All members of a
given class are

i | assigned to the same
‘ cluster

geeksforgeeks.org
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Bootstrap Analysis

HBDScan Labels

True Cluster Labels
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T-SNE 2D-Projection

T-SNE 2D-Projection
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Combination Average Scores
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E, Jp, Jz. 1

E, Jo, Jr, -

Jo, Jz, Jr,

E, Jz, Jr,

E, Jz,

E,Jo -

E, [Fe/H], J4, Jr, -

E, [Fe/H], J4, ]z, -

E, Jr,

Jo, Jr, -

Jo. Jz, -

Jz, Jr,

[Fe/H], Jg, Jz, Jr, |

E, [Fe/H], Jz, Jr, -

E, Js. Jr, [CI/Fe], |

[Mn/Fe], E, Js, ], -

E, [Fe/H], Jy, |

E, Jo. Jr, [Al/Fe], |

[Mn/Fe], E, Jg, ]z,

0.2 0.3 0.4 0.5 0.6 K 2 2 050 055 060 065 0.70
V-measure Score V-Measure Score

Combination

Median + o
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How does this do with the full Gaila and GALAH dataset

1.0
In the larger dataset of 500,000+
stars, the V-measure score IS low

0.8- for even the best combinations
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NGC 5139 Trumpler 20 Collinder 261 NGC 2682 NGC 2632

Barth in prep. 2024
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How does this do with the full Gaila and GALAH dataset

1.0

0.8-

0.6-

V-measure Score

0.2

0.0-

NGC 5139 Trumpler 20 Collinder 261 NGC 2682 NGC 2632

Barth in prep. 2024

In the larger dataset of 500,000+
stars, the V-measure score IS low
for even the best combinations

v

It we can limit the size of data set
with a priori information, we might
be able to Improve our recovery
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How does this do with the full Gaila and GALAH dataset

1.0

0.8-

0.6-

V-measure Score

0.2

0.0-

NGC 5139 Trumpler 20 Collinder 261 NGC 2682 NGC 2632

Barth in prep. 2024

In the larger dataset of 500,000+
stars, the V-measure score IS low
for even the best combinations

v

It we can limit the size of data set

with a priori information, we might
be able to Improve our recovery

\

We can achieve this with cuts to
the dataset relating to age,
metallicity, and birth radii
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Age, Metallicity, and Birth Radi
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Results of Metallicity, Age, and Birth Radii Cuts

B Full Sample Bl R Cut
mm [Fe/H] Cut B [Fe/H] and Age Cut
Bl Age cut
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Take Aways Future \Work

IIky Way has had many clusters that
ave been dispersed over time Using our knowledge of the Sun, we

hope to find solar siblings scattered across
the Milky Way

ng Open Clusters as a laboratory for

N combinations of observable
nas shown orbital actions and

We can then perform high resolution,
spectroscopic followup to compare the
chemistry of possible siblings to assess their
Ikelihood of being a true solar sibling

usters in large datasets can be

ifficult, b
etallicity,
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Ut using cuts based on age,
and birth radii can improve
recovery rates
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Testing Metallicity, Age, and Birth Radii Cuts

Gaia-GALAH Sample Gaia-GALAH Sample Gaia-GALAH Sample
= NGC 5139 (243 stars) w® =  Trumpler 20 (29 stars) = Collinder 261 (64 stars)
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[Fe/H] = -1.48, logAge = 9.22 [Fe/H] = -0.45, logAge = 9.2 [Fe/H] = -0.04, logAge = 9.3
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Using prior information to improve results

Entire GALAH
Sample

Can avoid using a
mayjority of the
sample stars

-1
[Fe/H]
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Results of Metallicity, Age, and Birth Radii Cuts

V-measure Score
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Using prior information to improve results

' NGC 5139 (226 stars)

25 1

" [Fe/H] 160 - i 1 YREC -~ YREC
----- Hunt [Fe/H]: -1.5 wsx« MIST w«« MIST
40 - 140 - 149 Dartmouth Dartmouth

| GARSTEC
----- Hunt Age: 1.7 Gyr
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