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Preparation

• Crossmatching	
‣ >150	catalogs	
‣ ~8	M	sources	
‣ ~100	(sub)	types	
‣ based	on	positional	and	magnitude	difference	

• Training	set	for	General	Variability	Detection	
‣ 2	types:	60	K	‘variables’	and	63	K	‘others’	

• Training	set	for	General	classification	
‣ 40	type	groups:	60	K	variables

Execution
• Classifier	framework	H2O	(www.h2o.ai)	

• General	Variability	Detection	
‣ XGBoost:	binary	classifier	
‣ Completeness:	99%	
‣ Contamination	in	variables:	0.4%	

• General	classification	
‣About	100	one-vs-rest	classifiers	for	each	variable	type	  
using	XGBoost	(XGB)	and	Distributed	RandomForest	(DRF).	
‣ Several	multi-class	classifiers		using	XGB	and	DRF.	
‣ Several	DRF	meta-classifiers	combining	  
the	one-vs-rest	or	multi-class	classifier	results.

Systematic	semi-automated	procedure	for	each	class	(incl.	literature	comparison)
Verification	&	Validation

Results
• To	be	published	in	Gaia	DR3	(mid	2022)	
• About	11	million	variables	
• 24	variability	types	+	galaxies

Example	light	curves	from	Gaia	images	of	the	week:
Exoplanetary transit Eclipsing binary (RW Dor)

A&A 623, A110 (2019)

Fig. 3. Known pulsating variable stars retrieved from published catalogues are placed in the observational CaMD, with symbols and colours
representing types as shown in the legend (see Table A.1 for the references from the literature per type). All stars satisfy the selection criteria
described in Appendix B. The background points in grey denote a reference subset of objects with a stricter constraint on parallax ($> 1 mas),
which limits the sample size, extinction, and reddening. The effects of interstellar matter and other phenomena (see text) are not corrected for. The
condition on the relative precision of GBP measurements introduces artificial cuts in the distributions of low-mass main-sequence stars and red
(super)giants.

2. ↵ Cygni stars, which are luminous supergiant stars that pul-
sate in non-radial modes. They are particularly affected by
interstellar extinction as they are young massive stars that
reside in the Galactic disc, so that their position in Fig. 3
must be treated with caution.

3. �Scuti stars, which are Population-I stars of spectral types A
and F with short periods (<0.3 d) that dominantly pulsate in
pressure modes, but may also reveal low-order gravity modes
of low amplitude.

4. SX Phoenicis stars, which are Population-II high-amplitude
�Scuti stars.

5. �Doradus stars, which are stars with spectral types A and
F with periods from 0.3 to 3 d that dominantly pulsate in
high-order gravity modes, but may also reveal low-amplitude
pressure modes.

6. RR Lyrae stars (Bailey’s type ab and c), which are
Population-II horizontal branch stars with periods from 0.2
to 1 d that pulsate in pressure mode. C-type RR Lyrae stars
are bluer than ab-type stars.

7. Slowly pulsating B (SPB) stars, which are non-radial multi-
periodic gravity-mode pulsators of spectral type B with
periods typically in the range from 0.4 to 5 d.

8. � Cephei stars, which are late-O to early-B spectral
type non-supergiant stars with dominant low-order pres-
sure and gravity modes that feature periods in the range

from 0.1 to 0.6 d. Several of them have been found to
also exhibit low-amplitude high-order gravity modes as
in the SPB stars (e.g. Stankov & Handler 2005). The
� Cephei stars are located in the Galactic disc so that
their CaMD position is easily affected by interstellar
extinction.

9. Classical Cepheids (prototype �Cephei), which are evolved
Population-I (young intermediate-mass) stars featuring
radial p-mode pulsations with periods of approximately
1–100 d. Cepheids can be strongly affected by interstellar
extinction as they reside in the Galactic disc and can be
observed at great distances.

10. Type-II Cepheids, which are Population-II stars pulsating in
p-mode that were historically thought to be identical to clas-
sical Cepheids. Type-II Cepheids consist of three different
sub-classes (separated by period) that are commonly referred
to as BL Herculis, W Virginis, and RV Tauri stars. Their
evolutionary scenarios differ significantly, although the
three sub-classes together define a tight period-luminosity
relation.

11. PV Telescopii stars, which include the sub-classes V652 Her,
V2076 Oph, and FQ Aqr (Jeffery 2008). They are rare
hydrogen-deficient supergiant stars that cover a wide range
of spectral types and exhibit complex light and radial veloc-
ity variations.
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Examples from Gaia Data Release 2:  
HRD:Gaia Collaboration, L. Eyer et al. (2019)  
Time series: Holl et al. (2018)

A&A 618, A30 (2018)

source_id: 4685476580236817664  period: 1.0039664 d
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Classification:  RRAB  &  SOS Cepheid:  ACEP  (new)

source_id: 4660595632826752512  period: 1.195267 d
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Classification  &  SOS Cepheid:  ACEP  (OGLE-LMC-ACEP-113)

source_id: 6073329329911803136  period: 2.0034726 d
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Classification:  ACEP  &  SOS Cepheid:  T2CEP  (new)

source_id: 1508225358524630784  period (LINEAR): 0.050057 d
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Classification:  DSCT_SXPHE  (LINEAR id: 11570517)

source_id: 5289906262644372096  period: 0.042336 d
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Fig. A.2. Example light curves of the Cepheid, � Scuti star, and short-timescale variables. For each band we show the valid FoV transits, as well
as variability-rejected FoV transits (number in parentheses, data plotted with crosses). In most cases, two FoV transits occur within the 6 h spin
period, causing indistinguishable overlapping points in the left panels. Some outliers are not flagged in the exported data (see e.g., the GBP and
GRP light curve of the ACEP example); these transits were removed in the more strict outlier rejection used in the SOS Cep and RRL module, as
mentioned in Sect. 4.1. No period is published for the classification results, therefore the period for the DSCT_SXPHE example is taken from the
LINEAR survey (Palaversa et al. 2013).
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Fig. A.2. Example light curves of the Cepheid, � Scuti star, and short-timescale variables. For each band we show the valid FoV transits, as well
as variability-rejected FoV transits (number in parentheses, data plotted with crosses). In most cases, two FoV transits occur within the 6 h spin
period, causing indistinguishable overlapping points in the left panels. Some outliers are not flagged in the exported data (see e.g., the GBP and
GRP light curve of the ACEP example); these transits were removed in the more strict outlier rejection used in the SOS Cep and RRL module, as
mentioned in Sect. 4.1. No period is published for the classification results, therefore the period for the DSCT_SXPHE example is taken from the
LINEAR survey (Palaversa et al. 2013).
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