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Overview

1. Extragalactic results in GDR3

2. The Discrete Source Classifier (DSC) in GDR3: design and performance

3. The extragalactic candidate tables in GDR3

4. Improving DSC in GDR4
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Extragalactic results in GDR3

• Classification of Gaia objects

‣ using BP/RP spectrum and astrometry (Discrete Source Classifier, DSC)

‣ using photometric light curves (Vari)

• Input lists

‣ fit 2D brightness profiles to extended objects (Extended Objects, EO)

‣ identify objects from astrometry, similar to Gaia-CRF3

• Redshift estimates

‣ quasars (QSOC) and galaxies (UGC)

• Link: Gaia Collaboration (Bailer-Jones et al.) 2023

https://doi.org/10.1051/0004-6361/202243232


The Discrete Source Classifier (DSC)



The Discrete Source Classifier (DSC)

Specmod
Extra Trees

Allosmod
Mixture Model

Combmod
maths

BP/RP

other features
e.g. !, μ, b, var 

G, uwe, colour 

- quasar
- galaxy
- anonymous

- quasar
- galaxy
- anonymous
- white dwarf
- binary star

PS

PC

PA

if
PC(quasar)>0.5

then
classlabel_dsc = “quasar”

A probabilistic classifier

if 
PS(quasar)>0.5 & PA(quasar>0.5)

then 
classlabel_dsc_joint = “quasar”

and similarly for “galaxy”

Link: DSC overview

Link: DSC details

https://arxiv.org/abs/2206.06710
https://dms.cosmos.esa.int/COSMOS/doc_fetch.php?id=1445248


DSC: Allosmod training features
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DSC: CMD and CCD of training data

   blue = quasars
orange = galaxies

black = stars
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DSC: XP spectra of training data

• Selection of quasar and galaxy sources 
from SDSS, crossmatched with Gaia 
data.

• Sources from the star class drawn from 
a random selection on Gaia data.

#QUASAR CLASS 
Gaia DR3 657558226003596288  
SDSS [specObjID  5066737140521785344, z=2.510,  

   class=‘QSO’, subClass=‘BROADLINE’]

Quasar

#QUASAR CLASS 
Gaia DR3 666228626806595840 
SDSS [specObjID 10808710709942441984, z=3.234,  

   class=‘QSO’, subClass=‘BROADLINE’]

Quasar

#GALAXY CLASS 
Gaia DR3 1251255712857474304  
SDSS [specObjID 2988283284401711104, z=0.0267,  

 class=‘GALAXY’, subClass=‘STARBURST’]

Galaxy

#GALAXY CLASS 
Gaia DR3 908924829134335232 
SDSS [specObjID 854645203405924352, z=0.0666,  

   class=‘GALAXY’, subClass=‘STARFORMING’]

GalaxyStar

#STAR CLASS 
Gaia DR3 148041342236265344 
SDSS [specObjID 1414251003082991616, z=0.0, 

class=‘STAR’, subClass='K3']

Star

#STAR CLASS 
Gaia DR3 362178958390810624 
SDSS [specObjID 7739556466051536896, z=0.0, 

class=‘STAR’, subClass=‘K5Ve (118100)’]



DSC: Class prior

Important
The prior must also be taken into account when estimating the purity on validation data

because validation data usually does not have enough stellar contaminants.
See Bailer-Jones et al. (2019; MNRAS 490, 5615) section 3.4

https://ui.adsabs.harvard.edu/abs/2019MNRAS.490.5615B/abstract


DSC: Performance in GDR3

classification by P > 0.5
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DSC: Performance in GDR3

classification by P > 0.5

classlabel_dsc



DSC: Performance in GDR3

classification by P > 0.5
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DSC: Performance in GDR3

classification by P > 0.5

classlabel_dsc classlabel_dsc_joint



Where are the DSC results in the Gaia archive?

Combmod probabilities; all sources

All probabilities and class labels; all sources

Combmod probabilities and class labels; galaxy candidates
Combmod probabilities and class labels; quasar candidates

https://gea.esac.esa.int/archive/
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Contributions to the extragalactic candidate tables
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Comments on extragalactic candidate tables

• Heterogeneous sample

‣ no common definition of “quasar” or “galaxy” across the modules

• Purity and completeness varies among subsets contributed by the modules

‣ input lists and Vari driven by purity; DSC driven by completeness 

‣ higher purity subset achieved with further selections (at cost of completeness)

• If relative contamination is constant, absolute contamination follows source density

• Classification uses only Gaia data (higher purity expected with additional data)



How to select purer subsets in the extragalactic tables

Gaia Collaboration: Gaia Data Release 3: The extragalactic content

Fig. 35. Galactic sky distribution of all the purer sub-sample of sources in the qso_candidates table (left) and galaxy_candidates table
(right). The plot is shown at HEALpixel level 7 (0.210 sq. deg.) in Hammer–Aito↵ projection. The colour scale, which is logarithmic, covers the
full range for each panel, so is di↵erent for each panel. Compare to Fig. 5 for the full tables.

Table 10. Quasar emission lines found in the Milliquas-based compos-
ite spectrum and covering the redshift range 0.052  z  4.35 (Fig. 33).
Each emission line is visually inspected before a quadratic polynomial
is fit in the vicinity of its apparent peak using five samples of flux den-
sity. The maximum of the quadratic curve provides the observed rest-
frame wavelength position, �obs, of the line and its maximum flux den-
sity compared to Ly↵, F/FLy↵ (where the number of significant digits is
provided in parenthesis). Because of the intricacies inherent in the fit of
a local continuum to faint, broad, and/or blended emission lines, such
a continuum was not subtracted from the flux densities reported here.
This explains the di↵erences between this table and the values found in
Table 9.

Emission line �obs F/FLy↵
+�lab (nm) (nm)
Ly✏ � 93.780 94.356 ± 1.327 0.344(2)
Ly� � 94.974 · · · · · ·
C iii � 97.702 98.632 ± 0.237 0.393(2)
N iii � 99.069 · · · · · ·
Ly� � 102.572 103.423 ± 0.139 0.479(2)
O vi � 103.383 · · · · · ·
Fe ii � 111.208a 112.098 ± 0.500 0.328(2)
Ly↵� 121.567 122.250 ± 0.033 1.000(2)
O i � 130.435 130.495 ± 0.545 0.402(2)
Si ii � 130.682 · · · · · ·
Si iv � 139.676 139.568 ± 0.098 0.427(2)
O iv] � 140.206 · · · · · ·
C iv � 154.906 154.469 ± 0.061 0.485(3)
C iii � 190.873 189.922 ± 0.102 0.327(3)
Fe iii � 205.271a 205.600 ± 0.555 0.230(3)
C ii] � 232.644 232.390 ± 0.350 0.202(3)
[Ne iv] � 242.383 242.617 ± 0.324 0.198(3)
Mg ii � 279.875 279.888 ± 0.039 0.212(3)
He i � 318.867 318.612 ± 0.295 0.136(3)
H� � 434.168 434.052 ± 0.067 0.081(3)
Fe ii � 453.780a 454.281 ± 0.569 0.070(4)
H� � 486.268 486.701 ± 0.118 0.085(4)
[O iii] � 496.030 · · · · · ·
[O iii] � 500.824 · · · · · ·
[N i] � 520.053 522.270 ± 0.615 0.054(4)
He i � 587.729 588.441 ± 0.411 0.044(4)
H↵� 656.461 656.283 ± 0.014 0.123(4)
He i � 706.720 706.666 ± 0.945 0.034(4)
O i � 844.868 850.091 ± 0.413 0.033(4)
Ca ii � 850.036 · · · · · ·
a Broad feature composed of Fe multiplets.

tering. Such sources can be easily removed by the user, as shown
in appendix B.3.

Table 11. ADQL query to select the purer quasar sub-sample.

SELECT * FROM gaiadr3.qso_candidates
WHERE (gaia_crf_source='true' OR

host_galaxy_flag<6 OR
classlabel_dsc_joint='quasar' OR
vari_best_class_name='AGN')

Table 12. ADQL query to select the purer galaxy sub-sample.

SELECT * FROM gaiadr3.galaxy_candidates
WHERE (radius_sersic IS NOT NULL OR

classlabel_dsc_joint='galaxy' OR
vari_best_class_name='GALAXY')

Fig. 36. G-band magnitude distribution of the purer sub-sample of ob-
jects in the qso_candidates (blue) and galaxy_candidates (or-
ange) table on a logarithmic scale. The dotted lines show the distri-
butions for the full tables.

The magnitude distributions of the purer sub-samples are
shown in Fig. 36. Compared to the distribution for the full set
(dotted lines), we see that the purer sub-sample has excluded
the brightest sources (the presence of which appears exagger-
ated, however, due to the logarithmic number scale). The faintest
quasars have also been removed.

Colour–magnitude and colour–colour diagrams of the purer
sub-samples are shown in Fig. 37 and can be compared with the
same diagrams for the full tables in Fig. 7. This shows that the
purer sub-samples have a tighter colour distribution, and remove
many of the fainter galaxies.

Article number, page 25 of 33



Sky distribution of extragalactic candidates

Hammer-Aitoff, Galactic coordinates, HEALpixel level 7 (0.21 sq. deg.)

Quasar candidates
6.6 million, 52% pure

Galaxy candidates
4.8 million, 69% pure

Full set



Sky distribution of extragalactic candidates

Hammer-Aitoff, Galactic coordinates, HEALpixel level 7 (0.21 sq. deg.)

Quasar candidates
1.9 million, 95% pure

Galaxy candidates
2.9 million, 94% pure

Purer subset



Colour, magnitude distributions of extragalactic candidates

Full set

10 000 random sources of each class, linear density contours of full set

   blue = quasars
orange = galaxies



Colour, magnitude distributions of extragalactic candidates

Purer subset

10 000 random sources of each class, linear density contours of full set

   blue = quasars
orange = galaxies



Planned improvements to DSC in GDR4

• Calibration of the posterior class probabilities.

• Algorithms, hyperparameters optimisation.

• Variable priors as function of brightness and galactic latitude 

[Hughes, Bailer-Jones and Jamal,  A&A, 668, A99 (2022)]

• Rejection of contaminants in the training set.

• Evaluation of the classifier performances as function of brightness and galactic 
latitude.



Summary

• DSC classifies sources into three classes (star, quasar, galaxy) using BP/RP spectra, 
astrometry, colours, and variability information

• DSC extragalactic classes are determined by the SDSS training set

• DSC provides prior-adjusted probabilities

• DSC purity estimates take into account the rareness of extragalactic sources

• The GDR3 extragalactic candidate tables come from several modules, not just DSC

‣ Can select a purer subset (~95% pure) using a simple ADQL query with:

‣ 1.9 million quasar candidates, 2.9 million galaxy candidates


