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What are hot subdwarf stars? Undvorsty

— They are hot

— They are below the normal dwarf
stars in the colour-magnitude
diagram

S
T

— They are rare. Only about 60 000
hot subdwarf candidates among
all 1.5 billion Gaia DR3 sources
(0.004%, Culpan et al. 2022) 10 -

hot sds

Gaia G (mag)

oo
T

— They are stars: Nuclear fusion

processes are still ongoing 14 _
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What are hot subdwarf stars? Undvorsty

Stellar parameters:

S
T

- Mass (0.5 solar masses

— Radius = 0.2 solar radii

Gaia G (mag)

- log(g) = 5.5 dex 10

— Surface temperature > 19000 K
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What are hot subdwarf stars?

Structure:

— Carbon and oxygen core @

— Helium fusionin a shell around the core
- Very thin (almost absent) hydrogen

envelope

Very different from dwarf stars, but akin to
massive red giant stars.
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What are hot subdwarf stars?

Hydrogen
Helium fusion
Hydrogen fusion
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\ / Main sequence dwarf
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What are hot subdwarf stars? Undvorsty

2 ]
Hot subdwarf stars were massive 0 =
red giants that somehow lost )L ]

their hydrogen envelopes.

S
T

Gaia G (mag)
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What are hot subdwarf stars? Undvorsty
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What are hot subdwarf stars? Undvorsty

Hot subdwarf stars were massive 0
red giants that somehow lost
their hydrogen envelopes.

S
T

Many model calculations agree
that the most probable scenario is
stripping of the hydrogen envelope
by interaction with a binary
companion star.

Gaia G (mag)
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Gaia G-RP (mag)

Markus Ambrosch Nordic-Baltic Astronomy Days, Turku, 2026 9



Vilnius

What are hot subdwarf stars?

Interaction with a companion
star:

1. Both stars were born at the
same time, but one was
more massive.

2. The massive star evolves into
a red giant first and its
hydrogen envelope expands.

3. The gravitational field of the
smaller companion disturbs
the expanded hydrogen
envelope and pulls it away.
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What are hot subdwarf stars?

Unstable RLOF

Close binary

Common envelope

Even closer

Geier et al. (2010)
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Search for hot subdwarf binaries

Key Question: What fraction of
hot subdwarfs are formed through
binary interaction?

Indirect methods are needed:

— Signatures of two stars in
spectrum

— Radial velocity method

— Analysis of spectral energy
distribution of hot subdwarfs
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How to find binary hot subdwarfs? e

Key Question: What fraction of
hot subdwarfs are formed through
binary interaction?

Indirect methods are needed:

— Signatures of two stars in
spectrum

— Radial velocity method

— Analysis of spectral energy
distribution of hot subdwarfs
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How to find binary hot subdwarfs?

Relative flux
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How to find binary hot subdwarfs? e

o —— Model: T = 6020 K

Relative flux
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How to find binary hot subdwarfs? e

oo® —— Model: T = 6400 K

Relative flux
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How to find binary hot subdwarfs?

000. Model: T = 6000 K
? —— Model: T = 3500 K
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How to find binary hot subdwarfs?

Model: T = 6000 K
—— Model: T = 3500 K
— Sum of both

Relative flux

——
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How to find binary hot subdwarfs? e

PHL1079
TMAP (Grid 2), Teff:4B000, logg:4.5 BT-Settl- AGS52009, Teff:5100, logg:4, Meta..0 Av:0
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Enrique Solano et al. (2022) fit spectral energy distributions of = 2500 hot subdwarfs,
using the Virtual Observatory SED fitting tool (VOSA, Bayo et al. 2008)
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How to find binary hot subdwarfs? e
Results from Solano et al.
Enrique Solano et al. (2022) fit spectral Bi
energy distributions of & 2500 hot inary
subdwarfs.

They found that only 17% are in binary
systems.

Single
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How to find binary hot subdwarfs? e

Enrique Solano et al. (2022) fit spectral
energy distributions of ® 2500 hot
subdwarfs.

They found that only 17% are in binary
systems.

In our recent work (Ambrosch et al.
2026), we analyzed spectra of =20 000
hot subdwarfs from the Gaia space
observatory.

ESA-D. Ducros, 2013
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How to find binary hot subdwarfs? e

Flux

Our dataset:

— 20000 Gaia DR3 XP spectra of
hot subdwarfs.

- Very low resolution (R < 100)

Large number of spectra requires
efficient data analysis methods.
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How to find binary hot subdwarfs? e

Flux

Our dataset:

— 20000 Gaia DR3 XP spectra of
hot subdwarfs.

- Very low resolution (R = 50)

Large number of spectra requires
efficient data analysis methods.

Machine learning!
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How to find binary hot subdwarfs? e
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Similarity analysis with UMAP

- Every hot subdwarf spectrum
IS represented by one pointin
the similarity map

— Similar spectra are close
together in the map, different
spectra are far apart

Similarity is measured purely by
the shape of the spectra.
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How to find binary hot subdwarfs? e

@ Paper I, VOSA single
Paper I, VOSA binary
New data

Paper I: Viscasillas Vazquez (2024)

Similarity analysis with UMAP:

— Every hot subdwarf spectrum
IS represented by one pointin
the similarity map

— Similar spectra are close
together in the map, different
spectra are far apart

Similarity is measured purely by
the shape of the spectra.
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Neural network for classification University

1. Network learns what spectra of binary hot subdwarfs look like

2. Then it can classify all 20 000 spectra in our sample very quickly
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Results of binary search Universic

Results from Solano et al. Results from Ambrosch et al.

Binary Binary

Single

Single
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Binarity and stellar variability

Binary fraction increases with

increased stellar variability.

S
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No variability
Only photometric
Photometric + astrometric

Only astrometric
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Binarity and stellar variability

Binary fraction increases with
increased stellar variability.

1: No variability
Only photometric

Photometric + astrometric

S

Only astrometric
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Conclusions i it

1. Gaia with machine learning methods enables us to study hot
subdwarfs on a population-level scale.

2. Models say that binary interaction is needed for hot subdwarf
formation, but we find only ~17% binary rate. High resolution
spectra, multi-epoch observations from Gaia DR4 could help to
solve this contradiction.

3. Photometric and astrometric variability measures can serve as
indicators for hot subdwarf binarity.

All results and Python code for their reproduction are available
on GitHub (https://github.com/mambr-astro/Hot_sds_GaiaXxP)!
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Check out Vladas Satas’ poster!
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High-Resolution Spectroscopy of Hot Subdwarfs with VUES:
Benchmarking Gaia XP and LAMOST Classifications

no#, S. Mikolaitis?, E. Pérez-Fernandez35

V. Satas?, C. Viscasillas Vazqu
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The Classification Discrepancy

The Objects: Compact, extreme horizontal branch stars (He-core burning). They are pri-

Table 1. Conflicting automated classifications for TYC 1398-532-1

mary drivers of galactic UV excess and critical lat for late-stage binary i

(e.g., common-envelope gjection).

‘The Observational Bottleneck: Theoretical models predict high binary fractions, but mas-
sive automated surveys rely on low-resolution spectra. This blends critical absorption fea-
tures, creating d that mask companions and skew heri

Case Study (TYC 1398-532-1): We present a multi-resolution comparison of this anoma-
lous target to 1 gate the d cl ions using targeted high-
resolution verification (VUES).

Population Context

CNN Binarity Predictions.

- - ~02 oo 02 o4 0.6
To b4 G2 oo
fe : )
ation context of TYC 1398-532-1 among ~20 000 hot subdwarf candidates (Culpan et al.,
(lef) and Gain XP UMAP projection (right) color-coded by CNN binarity
probability (Ambrosch et al., 2026).

Figure 1. Popul
2022). Gaia DR3 HR diagram

Physical Space: Target resides strictly on the extreme horizontal branch within the Gaia HR

diagram.

Method/Survey Binarity Spectral Subclass T [K]
VOSA Binary = -
CNN/SOM Single (Punsy =~ 0.10) 5dB (Pun = 0.89) =
LAMOST DRI10 = B6 Failed
Gaia DR3 = = 34393

Photometric Excess: Automated SED fitting via VOSA (Solano etal,, 2022) flags a binary,

driven by an uncharacterized infrared flux excess.

Spectroscopic Contradiction: Machine leaming models applied to Gaia XP spectra (Vis-
casillas Vizquez et al., 2024; Ambrosch et al., 2026) predict a single-star configuration.
Pipeline Degeneracy: Standard LAMOST template matching classifies the target as a main-
sequence B6 star. failing 1o resolve the extreme atmospheric parameters.

Instrumental Parameters

Table 2, | for the mul uti datascts.
(R) Range [nm] Aperture [m]
Gain BP/RP 50 330 - 1050 1.20
LAMOST LRS 370 - 900 4.00
MAO VUES 30000 /45000 / 60 000 400 — 880 165

Resolution Comparison

Nordic-Baltic Astronomy Days, Turku, 2026
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Thank you!

SPACE FOR OUR FUTURE
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the project “Unveiling the Nature of Hot
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Normalized Flux

Gradient

Interpretation of CNN decisions

= = Average of all spectra
=== (Gradients for "binary"

400 600 800 1000
Wavelength (nm)

Network gradients show which
parts of spectra influence CNN
classification.

Larger gradient values show
strong correlation between flux
values at given wavelength and
binary probability.

Consistent with classical
physics-based classification by
infrared flux excess.
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What else Can We dO? University
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Define two hot subdwarf types:
- sdB: T <35000 K AND log(Y)<-1.0 — hot/He-rich: everything else
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Neural network for classification University

1. Network learns what spectra of sdB hot subdwarfs look like

2. Then it can classify all 20 000 spectra in our sample very quickly
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Hot/He-rich

04

02F
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Results of sdB search
3 i 1 . 1 . 1 i
Our neural network can successfully HovHe-rich:
separate hot/He-rich hot subdwarfs 2T HesdB :?. ¢ ]
He-sdO e
. 1F Y 1) -
from the cooler sdB type 0 . .t.' LI
0k 0‘.0 o
- [ 4
] — S
About 66% of our sample are sdB. 2 o NNt . .o
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Results of sdB search

focuses on physically meaningful
spectral features when deciding if sdB
or not.

Our neural network can successfully LOpIAIA A LA \f \ M
separate hot/He-rich hot subdwarfs i i v i | \/ \/ \
from the cooler sdB type. 5 O | T

5 (VY

Q 1 1

Z 090 F 1 | -

= | |
About 66% of our sample are sdB. 5 i i

“ 085! ' -

I . = sdB
i i hot/He-rich

Saliency map shows that the network 0.80 i i = Gradients for sdB -

e —— e

400 450 500 550 600 650
Wavelength (nm)
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Observing hot subdwarfs from Vinius
Lithuania
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Observing hot subdwarfs from Vinius
Lithuania

Spectrograph at MAO has much higher resolution than Gaia XP spectra

We can detect spectral features from hot subdwarf star and its cooler companion star

‘M |
— O-type star

— o Opestar Hot subdwarfs

LN B _ sty st Teff > 19000 K

\ Pkl
\ —————— A-type star
— e —

""“‘“"“Y-"R——ﬁ_ﬁ_ F-type star
T Y —
Y

Flux
_:%

] e K-type star
WMW Pift L A S ' .
_ M-type star Cooler companions
e T Teff < 6000 K
M\,,.»f;:.' . - . ‘ >
400 500 600 700 800

Wavelength (nanometers)
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Binary companions

Lpol companion / Lyg| sds
0% 1% 2% 3% 4%

Different companion types contribute in

different ways to the Gaia XP spectra. p S
“ o
©
o’ ’
o~
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