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Gaia: more than astrometry 
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• Photometry, astrometry, slitless spectroscopy of point sources with 
 resolution, 21 mag. limit in G band.

• DR3 released 6.6 million quasar candidates with redshifts!  
 
 
 
 
 
 
 
 
 
 

• Complete, low purity, as many are stars masquerading as QSO :/ but…

• Space-quality (e.g. no seeing, airmass): larger volume and cleaner selection 
function than any existing sample.

30 ≤ λ/Δλ ≤ 100

Bailer-Jones+2022

Gaia Collaboration: Gaia Data Release 3: The extragalactic content

Fig. 5. Galactic sky distribution of all the 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.

Fig. 6. G-band magnitude distribution of all objects in the
qso_candidates (blue) and galaxy_candidates (orange) table on
a logarithmic scale. The brightest known quasar (3C273 – source_id
3700386905605055360) has a G magnitude of 12.8.

sources, as these are less likely to get a high probability classifi-
cation in both Specmod and Allosmod.

One thing to bear in mind is that Specmod and Allosmod
do not deal with identical sets of sources, because these clas-
sifiers require di↵erent input data. In particular, Allosmod re-
quires parallaxes and proper motions, that is 5p or 6p astromet-
ric solutions (see Lindegren et al. 2021a for the definition of
these solutions). Galaxies often only get 2p solutions (no par-
allax or proper motion) on account of their physical extent. Of
the 3 566 085 million sources in the galaxy_candidates table
with classlabel_dsc = galaxy, 3 367 211 have all three pho-
tometric bands, but of these, only 1 015 462 have parallaxes and
proper motions and so can be classified by Allosmod (these num-
bers are for the whole sky, so including the LMC and SMC). As
classlabel_dsc_joint can only be set to galaxy when Al-
losmod results are present, the change in the distribution we see
in Fig. 9 for the two class labels is partially due to this. Plots
in Delchambre et al. (2022) show the change when only consid-
ering the subset with 5p or 6p solutions. Most quasars, in con-
trast, do have 5p or 6p solutions: Of the 5 243 012 sources in the
qso_candidates with classlabel_dsc = quasar, 5 086 531
have all three photometric bands, of which 4 815 212 have paral-
laxes and proper motions.

Because DSC is not the only contributor to the integrated
tables, some of the sources in these tables have DSC class la-
bels that are not the class of the table. In the qso_candidates
table, 156 970 sources have classlabel_dsc set to galaxy,
and 12 302 have classlabel_dsc_joint set to galaxy. In the

Fig. 7. Colour–colour diagram (top) and colour–magnitude diagram
(bottom) for all sources in the qso_candidates table (blue) and
galaxy_candidates table (orange). The contours show density on a
linear scale. The points are a random selection of 10 000 sources for
each class.

galaxy_candidates table, the numbers with these two class-
labels set to quasar are 12 933 and 234 respectively.
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Quaia: the cosmological QSO sample of Gaia
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• unWISE + SDSS DR18 + cuts in color and proper motion = improved purity, low systematics

Storey-Fisher+ (2023)
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Quaia: improved redshift and final properties 
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• Multi-band kNN-based correction of redshifts achieving σz ≈ 0.01(1 + z)
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The selection function
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• Selection function corrects for scanning pattern, stars, extinction. Just a handful of templates!

Storey-Fisher+ (2023)
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How it compares?
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What Quaia can do for cosmology?
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• Accurate redshifts and high redshift.

• Linear or quasi-linear scales.

• Non-degenerate  measurement

• Large volume and highly-biased tracers 
are good for 

σ8, Ωm
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Cosmology results

8

• 2 redshift bins,cross-correlation with Planck PR4 lensing  and auto-correlation . 

• Linear systematics deprojection (unimportant at )

Cκg
ℓ Cgg

ℓ

ℓ ≳ 40

No tension 
with Planck!
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Some robustness tests
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• Cross-correlation with low-z galaxies 
supports estimates of magnification 
bias.

• Cross-bin correlation consistent with 
redshift error estimates.
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CIB and foregrounds are significant at high z!
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• Lots of robustness tests passed but  we see some inconsistency at high redshift.

• CIB bias is the most likely explanation, only  
affecting z>1.5 bin.

• Deep polarization data can save us (with some penalty)!
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How it compares?
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• Significantly lower systematics before any mitigation!

• Can we do better than state-of-the art analyses (QSO only):

• 3D: Castorina+2019 , eBOSS.

• 2D: Leistedt+2015: , tomography from SDSS photometric DR7.

• Quaia:   (Fisher),  (conservative),  (optimal)

−51 < fNL < 21, σ( fNL) ≈ 18

−49 < fNL < 31, σ( fNL) ≈ 20

σ( fNL) ≈ 12 σ( fNL) ≈ 40 σ( fNL) ≲ 30

Preliminary (~April 2023) 
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CIB constraints with Quaia
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• QSO/AGN: perfect to study physics of star-formation contributing to the 
CIB, connected to their evolution.

• Quaia precise redshift measurement and sky coverage enable CIB (and 
SFR) tomography in a new regime.

• Polarization data crucial for this science! Giulia Piccirilli  
(U. Roma Tor Vergata) 

On the job market !

Piccirilli+ 
(in prep. w/ Quaia team)
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Conclusions

13

• Quaia: a new QSO catalog for cosmology

• 1.2M objects, on full sky with accurate redshift measurements, covers ~largest volume to date. 

• Publicly available: catalog, selection function maps, random mocks and codes.

• Low systematics contaminations allowed by space-based data. 

• Cosmological measurements with CMB cross-correlation are promising!

• Non-degenerate measurements of  consistent with Planck expectations at all z!

• CIB residual it’s hard to deal with: deep polarization data are of crucial importance!

• Robust and competitive  measurements from CMB lensing cross-correlation. 

• Stay tuned for: CIB constraints, tests of homogeneity and isotropy, cosmology with 
voids, 3D  analysis,  estimation….

σ8, Ωm, S8

fNL

P(k), B(k1, k2, k3) keq

https://zenodo.org/record/8060755
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How it compares?
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Storey-Fisher+ 
2023

Storey-Fisher+ (2023)


