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ABSTRACT

Context. In addition to their great astrophysical interest, quasars represent quasi-ideal reference objects in the celestial sphere with,
a priori, a lack of significant proper motion. Since the fourth release of the Large Quasar Astrometric Catalogue (LQAC-4), a large
number of quasars have been discovered, in particular those coming from the DR14Q release of the SDSS. With the advent of the
Gaia Data Release 2 (DR?2), it is now also possible to fold in extremely accurate quasar positions.

Aims. Following the same procedure as in the previous releases of the LQAC, our aim is to compile the large majority of the recorded
quasars, with their best estimated coordinates and substantial information about their physical properties such as the redshift, multi-
bands apparent, and absolute magnitudes. Emphasis is given to the results of the cross-matches with the Gaia DR2 catalogue, which
considerably increases the positional accuracy.

Methods. New quasars from the SDSS DR14Q release were cross-matched with the precedent LQAC-4 compilation with a 1” search
radius, which leads to 149 084 objects not present in the previous LQAC-4 release. Another cross-match was done with the Gaia DR2
catalogue, which enables us to considerably improve the positioning of these objects. For the first time, parallaxes and proper motions
from the DR2, when available, are added to our compilation. Furthermore, a cross-identification of the LQAC-5 with the AIIWISE
survey gives additional mid-infrared information for an important percentage of objects.

Results. Our final catalogue, namely the LQAC-5, contains 592 809 quasars. This represents roughly a 34% increase with respect to
the number of objects recorded in the LQAC-4. Among them, 398 697 objects were found in common with the Gaia DR2, within a
1" search radius. That corresponds to 67.26% of the whole population of the compilation.

Conclusion. The LQAC-5 delivers a nearly complete catalogue of spectroscopically confirmed quasars (including a small proportion
of 14 126 compact AGN’s) to the astronomical community, with the aim of giving their best equatorial coordinates with respect to the
ICRF2 and with exhaustive additional information. For more than 50% of the sample, these coordinates are extracted from the very

recent Gaia DR2.
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1. Introduction

The definition of a quasar is not clearly established. It varies
according to the authors, as stated in some detail for instance in
Souchay et al. (2015), in particular by comparing the definition
given by Véron-Cetty & Véron (2010) in their compiled cata-
logue and that given for the SDSS (Paris et al. 2014). A detailed
summary of the typical physical properties of the quasars is
given by Proft & Wambsganss (2015) in the frame of their explo-
ration of these specific objects with the Gaia mission. They
are described as Type I active galactic nuclei (AGNs) with line
widths of several tens of Angstroms in the quasar rest frame, fol-

* The catalogue is available at the CDS via anonymous ftp to
cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsarc.
u-strasbg.fr/viz-bin/qcat?]/A+A/624/A145

lowing a standard model proposed by Urry & Padovani (1995).
This model consists of a super-massive black hole (SMBH) in
the centre of an accretion disc surrounded by an opaque torus,
with in a close vicinity a broad line region (BLR) and farther
a narrow line region (NLR), named from observed spectral fea-
tures, and accompanied by jets detected at radio wavelengths.
This unified model is constantly under minor revisions as obser-
vations continue and are improved. Recently, Padovani et al.
(2017) gave a review on AGN physical properties interpreted
from multi-wavelength observations and in the context of the
unified model.

In addition to their great astrophysical interest, the com-
pactness of the quasars as well as their lack of proper motion
make them ideal for astrometry. Quasars represent the basis
of modern astrometry as they are supposed to give quasi-fixed
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directions in the universe from our Earth-centred point of view.
For this property, they are natural candidates with which to
materialise the International Celestial Reference System (ICRS,
Arias et al. 1995) as a quasi-inertial reference frame, namely
the ICRF. The ICREF is used for various scientific studies in the
fields of fundamental physics (Le Poncin-Lafitte et al. 2016a,b),
geodesy and geophysics (Gattano et al. 2017; Rosat et al. 2017)
or solar system exploration. the second version (Fey et al. 2015)
contains 3414 objects of which the large majority are quasars.
A new version was adopted by the IAU General Assembly
at Vienna in August 2018 and in preparation for publication.
In parallel with these new developments, and with the data
obtained from the Gaia mission, efforts were made to build a
new rotation-free celestial reference frame in the visible wave-
lengths, called the Gaia Celestial Reference Frame (Gaia-CRF)
meeting the specifications of the International Celestial Refer-
ence System (Arias et al. 1995). For this purpose we can refer to
Gaia Collaboration (2016a) and to Mignard et al. (2018) for the
latest realisation, Gaia-CRF2.

From these considerations, it appears that the compilation
of all the spectroscopically confirmed quasars, at a given date,
in various large surveys and quasar catalogues is of fundamen-
tal utility for the astronomical community. Besides getting the
location of all the recorded quasars within the celestial sphere,
such a compilation gathers various information on each of them,
thanks to the input of each catalogues taken in consideration.
For examples, redshift, multi-wavelengths, optical, and infra-red
magnitudes, as well as radio-fluxes. Moreover, it enables com-
plementary studies, such as the investigation of offsets between
the positions given by the original catalogue and those given by
an improved astrometric determination, as well as sky coverage
statistics (Gattano et al. 2014).

Over the last decade, efforts have been made to compile all
the recorded quasars with the fundamental purpose of giving the,
a priori, best value for their equatorial coordinates. The result-
ing Large Quasar Astrometric Catalogues (LQAC) were updated
on a regular basis, in particular by including at each release a
large amount of newly discovered quasars that came from suc-
cessive SDSS releases. A decade ago, the fist version of the
LQAC (Souchay et al. 2009) contained 113 666 objects, whereas
the last version — the LQAC-4 (Gattano et al. 2018) — includes
443725 objects.

In LQAC-4, considerable improvements have been achieved
thanks to the use of the Gaia DR1 release (Lindegren et al. 2016)
which provides for the first time the equatorial coordinates of
a very large number of quasars at the level of the milliarcsec-
ond (mas) accuracy or better. Before, this was only achieved
for a few thousands of sources and only in radio thanks to the
Very Long Baseline Interferometry (VLBI), whereas among the
443725 objects of the LQAC-4, 249017 were found in corre-
spondence with one object of the DR1, i.e., 56.13% of the total
number.

Mignard et al. (2018) underline that Gaia is meant, by the
end of the mission, to be autonomous in terms of the recog-
nition of quasars from their photometric properties (colours,
variability). Nevertheless, this functionality had not yet been
implemented for the first two releases and therefore the sources
currently identified as quasars are drawn from other quasar cata-
logues, cross-matched with Gaia sources.

With respect to the LQAC-4 (Gattano et al. 2018), the
updated version LQAC-5 presented in this paper constitutes a
real progress in a quantitative and qualitative point of view. First,
it contains a significant number of new quasars, due to the intro-
duction of the last release of the SDSS quasar survey DR14Q
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(Paris et al. 2018). Second, it is cross-matched with the Gaia
DR2 (Lindegren et al. 2018) improving the astrometric quality
of the compilation as mentioned above and, for the first time,
a determination of the parallax and proper motions. Third, the
LQAC-5 is cross-matched with the WISE survey from which
mid-infrared multi-band magnitudes are available for a large per-
centage of objects.

In this paper, we describe in details the characteristics of
the LQAC-5 catalogue and its improvements with respect to
the LQAC-4. In Sect. 2, we examine the characteristics of the
new quasars which are introduced in the LQAC-5. In Sect. 3,
we analyse the improvement from the Gaia-DR2 in a qualita-
tive and quantitative point of view. In Sect. 4, we present the
new contribution of the AIIWISE survey in the LQAC com-
pilation. In Sect. 5, we focus on the procedure that derives
accurate equatorial coordinates of the quasars not observed by
Gaia based on the LQRF (Large Quasar Reference Frame) algo-
rithms. Section 6 is devoted to the calculation of the absolute
magnitudes of the quasars, with the intermediary of a recent
method which had already been used in the LQAC-4 release.
The advantageous specificities of the LQAC-5 compilation of
quasars presented in this paper must be emphasised with respect
to the recent catalogues of AGN as the WISE AGN catalogue
(Assef et al. 2018). and the Gaia-WISE extragalactic astrometric
catalogue (Paine et al. 2018), both being based on two-colours
diagrammes. Section 7 concerns the calculation of morpholog-
ical indexes. Finally the quantitative and qualitative advantages
of the LQAC-5 are discussed in the conclusion in Sect. 8.

2. New contribution of the DR14Q SDSS release

The quasars of the LQAC-5 not included in the LQAC-4 are
extracted exclusively from the Sloan Digital Sky Survey (SDSS)
data release 14 Quasar catalogue (DR14Q, Paris et al. 2018),
which is extracted from the extended Baryon Oscillation Spec-
troscopic Survey (eBOSS) of the SDSS stage IV (SDSS-IV).
The DR14Q includes all SDSS-IV/eBOSS objects that were
spectroscopically targeted as quasar candidates and that are con-
firmed as quasars via a robust automated identification proce-
dure combined with a partial visual inspection of the spectra
of about 10% of their sample identified as ambiguous candi-
dates. All these objects have been selected using a well estab-
lished rule: their absolute magnitude M; [z = 2] must be smaller
than —20.5 in the frame of the conventional cosmology with
Hy = 70kms™' Mpc™!, Qy = 0.3, and Q5 = 0.7. Moreover,
they must either display at least one emission line with a full
width at half maximum larger than 500kms~' or have inter-
esting and complex absorption features. The redshift measure-
ments are based on a principal component analysis of the spectra.
According to Paris et al. (2018), the DR14Q is estimated to have
about 0.5% contamination. Some quasars have been observed
multiple times throughout the 16 years of the survey.

We note that the DR14Q contains about 80% more quasars
at z < 2 than the previous release (Paris et al. 2017). Whereas
the average surface density of 0.9 < z < 2.2 quasars prior
to the beginning of SDSS-IV was 13.27 perdeg?, it reaches
80.24 perdeg? in regions for which SDSS-IV spectroscopy is
available. The DR14Q includes 526356 quasars, of which
144 046 are new discoveries. This represents an increase of about
40% in the number of SDSS quasars since the beginning of
SDSS-IV campaign.

Spectroscopic observations of quasars were performed over
9376 deg? for SDSS-I/II/IIL. New SDSS-IV spectroscopic data
are available over an additional 2044 deg®. The overall quasar
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surface density in regions with SDSS-IV spectroscopy is
125.03 per deg”, which corresponds to an increase by a factor
of 2.4 times compared to the previous SDSS quasar catalogue
release.

Finally, we note that the various successive campaigns of the
SDSS were focused on different redshifts intervals: SDSS-I/IT
(York et al. 2000) has observed quasars in the range 0 < z <
5.4 with a nearly flat distribution up to z ~ 2.5, followed by a
steep decrease. SDSS-III (Eisenstein et al. 2011) has focused on
z > 2.15in order to access the Lyman-« forest. SDSS-IV/eBOSS
mostly aimed to fill the gap between z = 0.8 and z = 2. In the
distribution of redshifts, two peaks are easily identified at z = 0.8
and z = 1.6. This is explained by known degeneracies in the
associated quasar target selection Ross et al. (2012).

3. Benefits from the recent Gaia DR2 data

The first data release from Gaia observations (DR1) was
produced in September 2016 (Lindegren etal. 2016) after
14 months of nominal operations. Amongst the 443 725 objects
of the LQAC-4 (Gattano et al. 2018), 249071 were found in
common with the Gaia DR1 within a 1” search radius, providing
a considerable improvement on their equatorial coordinate accu-
racy with respect to data from other original catalogues, such as
the SDSS.

On April 25th, 2018, Gaia DR2 was made available on the
dedicated ESA open-access online archive'. It results from the
integration of the 22 first months of the satellite nominal opera-
tions. This second official astrometric solution (Lindegren et al.
(2018) benefits from several improvements. First of all, the
satellite attitude model was refined in such a way that micro-
clanks and micro-meteoroid impacts were corrected without any
consequent degradation to the astrometric high efficiency of
the instrument. Secondly, the calibration model was continu-
ously improved to take into account the unavoidable changes of
the optical and mechanical structure of the instruments in the
extreme environment of the outer space and necessary main-
tenance operations. Particular care was made to compensate
the perturbation observed on the basic angle (mainly related to
the six-hour heliotropic spin of the satellite) propagating into
the data. This calibration model also took into account the scan-
ning law of the satellite in order to avoid degradation due to
the calibration of the celestial reference frame. In this context,
the expected Gaia photometric range of quasars, roughly G-mag
~15 and fainter, is the range least affected by mis-modelling or
non-modelled effects.

The Gaia-DR2 release contains astrometry, broad-band pho-
tometry, radial velocities, and the characteristics of the corre-
sponding light-curves for a total of 1692919 135 sources. This
represents a 48.16% increase with respect to the total number
of 1142679769 in the Gaia-DR1. The methodology behind
these computations can be summarised as follows: (i) Prelim-
inary solutions were made to retrieve initial data for all avail-
able sources and satellite-related model parameters. (ii) A set of
primary sources was selected for their good quality as revealed
by the preliminary solutions, including quasars for the orienta-
tion of the solution on the ICRS. (iii) A first secondary solu-
tion focusing on the limited but still large set of primary sources
established data for the attitude and calibration models. (iv) The
solution was oriented onto the ICRS. (v) The second secondary
solution — the final one — considered the satellite attitude and the

! Link to the web page of the Gaia archive — http://gea.esac.
esa.int/archive/

calibration as known and adjusts data for all the 1692919 135
available sources. We caution that this is only a rough summary
of the Gaia collaboration works. In practice, they led several
studies and developed various solutions enabling them to iden-
tify several sources of errors in the modelling strategy. We refer
the reader to Lindegren et al. (2018) and references therein for
details concerning the procedure.

For the DR2, the Gaia collaboration was not able yet to iden-
tify quasars internally (Delchambre 2018). This ability will be
unlocked in the future. In the meantime, quasars within the Gaia
catalogue were identified by means of cross-identification with
other external catalogues. The Large Quasar Astrometric Cata-
logue is perfectly suited to this purpose.

3.1. Astrometric improvement in LQAC-5: Gaia DR2 with
respect to Gaia DR1

The cross-identification between catalogues is a delicate task.
The same quasars in two different catalogues show slightly dif-
ferent equatorial coordinates. Thus a search radius is necessary
to identify identical objects in the two catalogues. The sub-
tlety lies in the choice of search radius. If the radius is too
small (~0.1 arcsec), there is a high probability of missing the
object in the other catalogue. On the other hand, if it is too
large (~10 arcsec), the probability of finding a wrong counterpart
becomes large. We studied the inter-dependency of the number
of cross-identifications between LQAC-4 and Gaia DR1 with
respect to the value of the search radius p (Gattano et al. 2018).
We show that the number of cross-matches increases very slowly
beyond the value of p = 1”. This increase is less than 3%
between p = 1” and p = 3”. We adopted the p = 1” thresh-
old for the cross-identifications involved in the present LQAC-5.

The number of cross-matches with Gaia DR2 data increases
significantly with respect to LQAC-4 which was confronted to
the DR1. This is due both to the inclusion of the 144 046 new
quasars of the SDSS DR 14Q detailed in the previous section, and
to the fact that the DR2 release itself contains substantially more
objects than the DR1, with a 48.16% increase. Moreover, LQAC-
5 also benefits from a drastic improvement of the uncertainty in
the determination of the equatorial coordinates, when obtained
by Gaia. This means that for a large percentage of quasars in the
LQAC-5 we now know their position to the milliarcsecond level
of accuracy, whereas only the 3414 sources in the ICRF2 reached
this accuracy. Finally, Gaia-DR2 provides parallaxes and proper
motion on right ascension and declination, with a generally very
small formal error.

To emphasise the improvement in the determination of the
source equatorial coordinates from the DR2 with respect to
the DRI, in Fig. 1 we plot the associated uncertainties for the
248365 quasars common to the two releases. For a significant
proportion of quasars, this uncertainty has decreased by one
order of magnitude, from typically the mas level to a fraction
of mas level. This drastic amelioration is easily confirmed by
corresponding histograms (see Fig. 2). In right ascension, the
histograms peak at an uncertainty of 0.3 mas for the DR2 and
an uncertainty of 0.5mas for the DR1. Moreover, we note a
very flat feature for the DR1 distribution, and no feature for the
DR2 one. Analogous remarks can be made in declination. Notice
that the uncertainty in declination is globally smaller than that
in right ascension, the number of objects ranging in the inter-
val [0.0,0.3] mas being significantly larger. From Fig. 1 we also
see that for a small number of quasars, positions in DR2 are
worse than in DR1. This fact can be explained by magnitude
variation: Quasars should become dimmer in the second release
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Fig. 1. Comparison of equatorial coordinate accuracies from the two Gaia releases. Left panel: diagram of the DR2 uncertainty with respect to the
DRI uncertainty in right ascension for the 248 365 quasars of the LQAC-5 belonging to both releases. Right panel: same diagram in declination.
The red straight line indicates equality between uncertainties from the two releases.

L L L L L L B

3000

)
193
(=3
(=3

Number of quasars

LN I  IL  LL  L L BLL L

Number of quasars

<
W

DR2 vs DR1 (bold) error in right ascexision (milliarcsecond)

1 2 3 4
DR2 vs DR1 (bold) error in declination (milliarcsecond)

w

Fig. 2. Left panel: histograms of the uncertainties from Gaia DR2 and Gaia DR1 (bold) in right ascension for the 248 365 quasars of the LQAC-5

belonging to both releases. Right panel: same histograms in declination.

or show some photocentre jitters. Another reason arises from
the complexity of the Gaia procedure which tends to divide the
observations in small groups, which can give statistically larger
uncertainties in the second release than in the first.

The differences in coordinates between the DR1 and DR2
are given in Fig. 3. For a large majority of objects we find that
the absolute value of these differences is smaller than 1 mas, but
that a significant percentage of objects have larger values. Here,
still, the differences are significantly smaller in declination than
in right ascension. Finally, Fig. 4 shows the angular distances
between the DR2 and the DR1 positions. We observe a rapid
decrease after a peak at 0.3 mas. Nevertheless, the number of
sources for which the angular distance is larger than 1 mas is
significant.

3.2. Photometric comparisons between Gaia DR1 and DR2

In the previous LQAC-4 release (Gattano et al. 2018), the Gaia
G band measurements were available and included for the
249 017 quasars found in common with the DR1. Nevertheless,
as mentioned by Gaia Collaboration (2016b), the G-band fluxes
and magnitudes provided with the DR1 have standard uncer-
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tainties as good as a few per cent in magnitude at the survey
limit and down to the milli-magnitude level at the bright end.
Indeed there are limitations inherent to the DR1. In particular,
there is a small fraction of sources well beyond the Gaia limit of
G = 20.7 for which the mean value of G is clearly wrong. More
precisely the DR1 potential systematic errors for the determina-
tion of G are described in Evans et al. (2017) and Arenou et al.
(2017).

As mentioned by Gaia Collaboration (2018) the photometric
data processing for Gaia DR2 features many improvements with
respect to Gaia DR1 and represents a new photometric reduc-
tion. In particular, the data was considerably extended and some
technical problems related to the contamination by water ice
were removed. As a result, the photometric system for Gaia DR2
is different from that for Gaia DR1. The comparison between the
G magnitudes by taking into account pairs of objects belonging
to the two releases and presenting a Ggp — Grp colour determina-
tion was quantified by Gaia Collaboration (2018) the following
polynomial relation:

AG = Gpgra — Gpr; = 0.013612 + 0.079627 (Ggp — Grp)
+0.004044 (Ggp — Grp)? — 0.0018602 (Ggp — Grp)®. (1)
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Fig. 3. Source position offsets from the two Gaia releases. Left panel: histogram of the source right ascension offset between Gaia DR2 and Gaia
DRI for the 248 365 quasars of the LQAC-5 belonging to both releases. Right panel: same histogram in declination.
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Fig. 4. Source position offsets from the two Gaia releases. The his-
togram shows the angular distances between Gaia DR2 and Gaia DR1
for the 248 365 quasars of the LQAC-5 belonging to the two releases.

In our study we have carried out such a comparison for the
quasars in common to the two releases. Results are shown in
Fig. 5. We found AG = 0.0911 with a standard deviation oag =
0.139, considerably larger than the bias given in Eq. (1), so that
it appears clearly in the histogram. Notice that as the majority
of quasars are variable in a rather short time scale, sometimes
at the level of several 0.1 mag, and given the rather large time
interval between the two releases, of the order of one and a half
year, significant standard deviation o could originate in a non
negligible part from the variability of the objects.

We also investigated the fundamental question of Gaia-
DR2 completness. All quasars brighter than G = 20 should be
detected by Gaia. To determine the completeness of Gaia-DR2,
we concentrated our investigation on the SDSS-known objects,
for the sake of homogeneity. Although we do not have the strict
equivalent of the G band in the SDSS data, the SDSS magni-
tude 7 is very close to G. As explained by Jordi et al. (2010) the
Gaia G band has a central wavelength at 49 = 673 nm and a
FWMH AA = 440 nm. In parallel, the SDSS 7 band corresponds
to g = 620nm and a FWMH AA = 113 nm. Thus, we observe
that the central wavelengths are very close, and despite the rela-
tively large difference in bandwidth, we note a good agreement

16000
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counts
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2000 - i

0 I I I I I I !
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Fig. 5. Photometric comparison from the two Gaia releases. Histogram
of the differences AG = Gpry — Gpg; for the quasars in common in the
two releases.

between G (Gaia) and r (SDSS). As shown by Gattano et al.
(2018) from the DR1, values generally stand within the interval
+1 mag.

By consulting the Table 1 illustrated by the histogram in
Fig. 6, on the basis of the SDSS known population in LQAC-4
and LQAC-5, Gaia-DR?2 is found nearly complete while this is
far from being acquired with the DR1. For the brightest quasars,
with 15 < r < 18 the number of DR2 identifications attains
respectively 8378 objects among the 8390 ones in the SDSS
of the LQAC-5, which represents 99.85% of the sample, with
only 12 objects lacking. These missing objects require a spe-
cific individual inspection to understand why they are missing.
In comparison, in the same interval of magnitude, 7816 quasars
are reckoned in the DR1 among the 8088 objects of the SDSS
which belonged to the LQAC-4. This represents only 96.69%
of the sample with 272 lacking objects. The difference of com-
pleteness between DR1 and DR2 is even more important when
we look at the faint objects in r. For instance in the interval
20 < r < 20.5 only 75.76% of the SDSS quasars are present
in the DR1, whereas the percentage reaches 96.6% for the DR2.
The percentage of DR2 detections remains quite large for the
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Table 1. Number of quasars of the DSS present in the DR1 and in the DR2 (with the corresponding percentage, with respect to their » SDSS

magnitude.

rinterval ~ SDSSin LQAC-4 InDR1 % inDR1 SDSSin LQAC-5 InDR2 % in DR2
15.0-15.5 12 12 100.00 15 13 86.67
15.5-16.0 70 67 95.71 74 72 97.30
16.0-16.5 185 177 95.67 196 195 99.49
16.5-17.0 629 607 96.50 649 645 99.38
17.0-17.5 1858 1805 97.20 1915 1908 99.63
17.5-18.0 5334 5148 96.51 5594 5577 99.70
18.0-18.5 14077 13542 96.20 15060 15036 99.84
18.5-19.0 31168 29648 95.12 33616 33525 99.73
19.0-19.5 45479 42779 94.06 51957 51766 99.63
19.5-20.0 48495 43951 90.63 62396 62013 99.39
20.0-20.5 64206 48645 75.76 87558 84479 96.48
20.5-21.0 63655 25118 39.46 99133 74590 75.24
21.0-21.5 58845 5908 10.04 96839 29750 30.72
21.5-22.0 40691 699 1.72 69073 4659 6.74
22.0-22.5 8455 59 0.70 15081 359 2.38
22.5-23.0 537 3 0.56 1269 28 2.21
23.0-23.5 70 1 1.43 171 8 4.68
23.5-24.0 21 1 4.76 33 2 6.06
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Fig. 6. Number of SDSS quasars present in the Gaia DR2 release (in
black) with respect to the total distribution (in grey), per bin of r mag-
nitude.

intervals 20.5 < r < 21 (75.54%) whereas it is nearly twice as
small with the DR1 (39.46%).

From these statistics we can conclude that the completeness
of DR2 detection for r < 20 is very satisfactory, with a detection
rate of more than 99% and that the large differences of complete-
ness between the DR1 and the DR2 could be interpreted as either
a deficiency inherent to the DR1 detection capability, the lack of
completeness of the Gaia scanning itself, or an improved detec-
tion threshold in the DR2 with respect to DR1 due to an increase
of information or a decrease of the noise level.

4. Cross-identification with the AIIWISE survey

The Wide-field Infrared Survey (WISE, Wright et al. 2010) is an
all-sky mid-IR survey at 3.4, 4.6, 12, and 22 um (W1, W2, W3,
and W4 respectively) conducted in 2010 and made available to
the public in April 2011. The AIIWISE output catalogue contains
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positions, apparent motions, magnitudes, and point-spread func-
tion (PSF)-profile fit information for about 748 million objects.
Moreover, AIIWISE also contains aperture magnitudes and ellip-
tical magnitudes for objects that are also in the 2MASS Extended
Source Catalogue (XSC). We note that the astrometric treat-
ment of the objects was done starting both from the bright
objects from the 2MASS point source catalogue and the fourth
USNO CCD Astrograph Catalogue (UCAC4, Zacharias et al.
2013). Specifically, proper motions from UCAC4 were used
to propagate the 2MASS counterpart positions to the epoch
of WISE.

As we are in the mid-infrared zone, the angular resolutions
corresponding to the four successive bandwidths above are 6”1,
6’4, 6”5 and 1270 respectively. For the cross-identifications we
used a 5” match radius, which was chosen as being a balance
between reliability and completness. However, we noticed an
AIIWISE colour dependence (W1-W2, W2-W3) of the match
distances. Generally, sources with colours more like starburst
galaxies (redder in W2—-W3 and bluer in W1-W2) have a larger
match distance. This is likely, as they tend to be somewhat
extended. Sources with more pure QSO-like colours have a
much tighter distribution of match distances; these are generally
unresolved. In total we find 488 736 cross-identifications in the
W, and W, bands, 488 599 in the W5 band and 488 597 in the
W, band. This corresponds respectively to 82.44% and 82.42%
of the whole LQACS population.

5. Determination of LQRF coordinates

There are 360 664 quasars belonging to the SDSS that are unmis-
takably found in the Gaia DR1 and DR2 releases. Of those, only
124 appear in the DR1 alone, which has a negligible deviation
of its reference frame with respect to the one of the DR2. There-
fore, in the following discussion, no distinction between the two
Gaia data releases is required.

As illustrated previously in Fig. 6, we count 172296 quasars
belonging to the SDSS but not present in the Gaia two early
releases, within the adopted 1" search radius. Most of them are
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faint objects, escaping to the detection by Gaia, and a few of
them may be too extended to be yet detected as a single object
by the Gaia point source algorithm. Nonetheless, quite a few
of them are well behaved QSOs, which may be largely vari-
able, or missed in too-crowded fields, or just being serendipi-
tously so far missed by Gaia. Whichever the case, it is impor-
tant to place all these objects in the Gaia reference frame. This
is done following the precepts used for the construction of the

LQRF (Andrei et al. 2009), as well as in the former issues of

the LQAC. The construction of the LQRF entails four redressing

steps, with which we aim to obtain astrometric coordinates in the

Gaia reference system, which is consistent to the ICRF/ICRS.

Namely,

(1) a local astrometric solution — which aims to recover the
innermost quality of the measure by de-projecting the cat-
alogue coordinates onto the local tangential plane.

(2) an Euclidean rotation relatively to the three Euclidean axes
combined to an equatorial bias assessment — which aims to
coincide the implicit axis of the catalogue with the Gaia ref-
erence frame axis (Andrei et al. 2009; Arias et al. 1988).

(3) a set of harmonic solutions over the sphere — which aims
to straighten out large-scale ripples on the right ascension,
declination, and magnitude respectively by normalised Leg-
endre polynomials, Fourier series, and Hermite polynomials.

(4) local inhomogeneities — which aim to correct any residual
deviation of the equatorial coordinates by comparing the
mean offsets of several close-by fiduciary sources.

The SDSS coordinates constitute a tightly coherent catalogue

reference frame, despite irregularities noticed by Gattano et al.

(2018). So far, the local astrometric solution correction is negli-

gible at the level of a few milli-arcseconds, as already shown in

Anderei et al. (2009) and Souchay et al. (2009). This initial step

of the standard derivation of LQRF-like coordinates is there-

fore not used, as it would indeed be bound to the introduc-
tion of a random noise rather than to the removal of systematic
effects. On the other hand, the SDSS sky coverage is limited
and not continuous, making dubious the derivation of large scale
quasi-periodic terms. The same happens for the magnitudes in
view of the limited range of apparent magnitude of the quasars
both in the SDSS itself and in Gaia. The LQRF/Gaia (SDSS),
that is, the redressing of the SDSS coordinates onto the

Gaia reference frame, is accomplished by steps (2) and

(4) above.

The Euclidean rotations and the equatorial biases are derived
as in the former LQAC versions, following the methodology
found in Arias et al. (1988) and Andrei et al. (2009). For the
360 664 sources common to the SDSS and the Gaia two early
releases, solutions were obtained both independently for the
right ascensions and declinations, as well as to three levels of
threshold at 2.0, 2.5, and 3.0 the value of the standard deviation.
In all cases, the solutions are concurrent. The numerical values of
the direction cosines and the biases are small as expected, though
not statistically negligible. Adopting the solution that acknowl-
edges the more equations, the equinox bias is +8.8 +0.1 mas and
the equatorial bias is +1.0 = 0.1 mas. The rotation around the
equinox oriented X-axis is —6.8 + 0.1 mas, and finally the rota-
tion around the remaining triedal Y-axis is +1.5 + 0.1 mas. The
overall standard deviation of the solution amounts to 41.9 mas
and the values must be taken in the SDSS towards Gaia
direction.

The somehow important equinox and declination biases can
be seen in Fig. 7: the histograms of the SDSS minus Gaia equa-
torial coordinate residuals. For the right ascension distribution,
a slight negative asymmetry affects the whole and otherwise
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Fig. 7. Comparison of equatorial coordinate residual between SDSS and
Gaia. Bottom panel: histogram of the right ascension cosine declination
offsets between the Gaia-DR2 and SDSS positions for the quasars in
common in the two catalogues. Top panel: same histogram in declina-
tion.

clearly bell-shaped distribution. For the declination, the curve
is overall a classical bell-shape one, but with a small but sta-
tistically real positive tail. For the right ascension, an equator
bias is found on the magnitude, redshift, and right ascension off-
set plots (see Figs. 8 and 9). The tail originates from the equa-
torial north cap SDSS coordinates (which is related to those
SDSS sources which are faint and far away). The number of
such sources corresponds to less than 10% of the total num-
ber of SDSS sources, and thus the general biases and rotations
are not affected. Notwithstanding, they indicate the usefulness of
step (4) of the formation of the LQRF/Gaia (SDSS), that is, the
source-by-source correction of local inhomogeneities.

The local inhomogeneities corrections account for the
ground catalogues clumping, derived from particular observa-
tional conditions, thus without forming a clear pattern across
the sky. For each individual SDSS source they are determined
by the average right ascension and declination offsets (once
rotation and bias are accounted for) of ten or more nearby
sources belonging to the SDSS and Gaia catalogues. Non-
conforming values are eliminated. In the formation of the
LQRF/Gaia (SDSS) this can be studied in detail, and the cor-
responding corrections applied to the catalogue coordinates,
already oriented towards the axis of the Gaia frame, as obtained
in the previous step. Accordingly, for each source the average
equatorial coordinates offset is determined from the ten closest
catalogue sources which do belong to the Gaia early releases
catalogues. Offsets that disagree by a threshold of 2.5 standard
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Fig. 8. Comparison of equatorial coordinates between SDSS and Gaia
with respect to source position. The grey dots show the (3D) diagram
of position offsets between the Gaia-DR2 and SDSS with respect to
the Gaia-DR2 source position on the sky for the quasars in common in
the two catalogues. Empty black squares show the associated projected
diagram (2D) along the Gaia-DR2 right ascension axis. Empty black

diamonds show the associated projected diagram (2D) along the Gaia-
DR2 declination axis, limited to the range [-20°, 80°]. Bottom panel:

right ascension cosine declination part of the offsets. Top panel: decli-
nation part of the offsets.

deviations are discarded from the averages. This was the case for
1.5% of the sources.

The local inhnomogeneities are small, as expected (see
Fig. 10). On the right ascension the average is —0.39 mas
with a standard deviation of 11.0mas, and extreme values
of —235.2mas and 229.2mas. On declination the average is
7.40 mas with a standard deviation of 12.40 mas, and extreme
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Fig. 9. Comparison of equatorial coordinates between SDSS and Gaia
with respect to magnitude and redshift. Grey dots show the (3D) dia-
gram of position offsets between the Gaia-DR2 and SDSS with respect
to the redshift and magnitude for the quasars in common in the two cat-
alogues. Empty black squares show the associated projected diagram
(2D) along the redshift axis. Empty black diamonds show the associ-
ated projected diagram (2D) along the magnitude axis. Bottom panel:

right ascension cosine declination part of the offsets. Top panel: decli-
nation part of the offsets.

values of —282.6 mas and 512.6 mas. The similarly small right
ascension and declination mean values are seen graphically on
the histograms, with a clearly Gaussian feature (see Fig. 11).
Forming a vector composed of right ascension and decli-
nation corrections, the magnitude frequency histogram and the
angular direction histograms also show these characteristics. The
corrections are small and non-coherent on a large scale. This is
shown on the right ascension plot with respect to the declina-
tion one (see Fig. 12). Notwithstanding, over small scales the
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equatorial coordinates (already Euclidean rotations oriented) of the
SDSS quasars relatively to the GDR2 positions. From bottom to top:
corrections in right ascension, declination, and position.

corrections are indeed coherent, testifying the need for their
removal. The two plots show how the standard deviation
increases up to stabilise over about five degrees of distance. They
are obtained by taking each quasar in turn as a pole source, and
plotting the standard deviation in the inhomogeneity correction
within growing distance rings. For nearby sources, that is, very
small rings, the inhomogeneities are much the same, and the
standard deviation is accordingly small. We note that already at
the distance of five degrees, the standard deviation reaches the
ceiling of scatter.

In the LQAC-5 there are 58 881 sources that do not belong
to the SDSS. Of these, 21 903 do not belong either to the DR1.
Therefore for 36978 QSOs, it is useful to determine a set of
equatorial coordinates placed onto the (provisional) Gaia Celes-
tial Reference Frame. As described above, that same goal was
attained for the 172296 sources that belong to the SDSS but not
to the GDRI.

For the non-SDSS sources, which are collected from many
different catalogues, with as many different systematic astro-
metric biases, this is attained using the former LQRF equatorial
coordinates referred to the ICRF2 as a common rigid initial ref-
erence frame. There are 35671 sources fulfilling the conditions
above. For these sources, the steps towards the calculation of
their DR1 referred LQRF coordinates are made using the 11770
sources that concurrently belong to the same original catalogues,
as well as to the DR1 and to the former version ICRF2-referred
LQRF.

The average difference to the DR1 position is 24.6 mas, that
is 13.1 mas larger than the average position difference from the
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Fig. 11. Histograms comparing the LQRF coordinates referred to the
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catalogues.

——TT 7T T T
30 |- Local Inhomegeneities -

- = right ascension

2 declination

2 27} —*—combined -

(0]

©

©

)

38 24 | ;.

SE

: g /*/*_*_*‘*\*’*‘*‘*"*\*\*-—1

QL T 21 x* -

38 -

éé - -8 E—m g BB g 5 g g g mm BB
£

g s 18- / e

S *

S L

£ u

§ 15 */ E

9 PR T TP RPN SR SR SRR SR SR |

0 2 4 6 8 0 12 14 16 18 20
Radius of local inhomonogeneities average (deg)

Fig. 12. Local inhomogeneities coherency over distance. The estimator
is the average for all SDSS quasars of the standard deviation of the
corrections as calculated in circles of increasing radii centred on each
quasar.

SDSS to the DR1. The three Euclidean rotations and the equa-
torial offset are significant, though they are at a level similar
to those found for the SDSS sources. This happens because
they are distributed all over the sky, except across the direction
of the Galaxy disc, while the SDSS concentrates on a quarter
of the sky. As before, adopting the solution that acknowledges
the more equations, the equinox bias is —11.7 + 1.0 mas and
the equatorial bias is +20.6 + 0.6 mas. The rotation around the
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equinox oriented X-axis is +23.9 + 0.6 mas, and finally the rota-
tion around the remaining triedal Y-axis is +10.8 + 0.7 mas.
The overall standard deviation of the solution amounts to
104.9 mas.

Finally, the determination of the local inhomogeneities fol-
low the same method as before. However, the number of sources
is smaller and their distances larger. Notwithstanding the fact
in only 1.3% of the cases the sources of comparison have to be
found beyond ten degrees. For the right ascensions the average is
+0.86 mas with a standard deviation of 10.48 mas, and extreme
values of —66.0 mas and +89.6 mas. For the declination the aver-
age is —1.89 mas with a standard deviation of 11.24 mas, and
extreme values of —74.7 mas and +78.8 mas.

As a result, the so formed LQRF for the non-SDSS sources
diverges from the DR1 frame on average by —7.25 + 12.16 mas
in right ascension and by +12.86 + 20.55 mas. In other words,
the initial divergence is more than halved.

6. Determination of absolute magnitudes

As in the previous releases of the LQAC series, we give the abso-
lute magnitudes of the quasars in the five SDSS bands (, g, 7, i,
and z), when it is possible. The absolute magnitude quantifies the
intrinsic luminosity of the quasars with respect to a given wave-
length band. Consequently, absolute magnitudes are supposed to
be unaffected by the cosmological redshift due to the expansion
of the Universe. So their calculation requires a set of corrections
to account for the different issues that affect light between the
emitter and the observer.

For this purpose we applied the same method of computation
used in the LQAC-4 (Coelho et al. 2019). With that method, abso-
lute magnitudes are calculated with the following equation:

M=m+5-5log(DL) — A — Ag — Anost — K )

where m refers to the apparent magnitude of the quasar cor-
responding to the given bandwidth and Dy is the luminosity
distance determined according to Hogg (1999). The four com-
ponents A, Ajg, Anost, and K account for corrections which char-
acterise effects that can significantly affect the result if they are
not accounted for in the calculation.

The first component, A, corrects the Galactic extinction due
to dust of the Milky Way present on the quasar line of sight.
Apparent SDSS magnitudes were therefore corrected from that
effect using the classical maps of Schlegel et al. (1998). In future
LQAC updates, more recent values could also be extracted from
Schlafly & Finkbeiner (2011). The second component, Ajg , cor-
rects the intergalactic (IG) light absorption associated with the
Lyman a (Lya) forest. More precisely, it consists essentially of
Lya (1215.67 A) resonance absorption lines in different redshifts
(Lynds 1971), produced when the QSQO’s light passes through
intergalactic clouds of neutral hydrogen (see Rauch 1998, and
references therein).

The corresponding corrections were extracted from the
Type I quasi-stellar object (QSO) curves of Meiksin (2006).
The third correction, Apeg, iS relative to the quasar reddening
caused by the dust in its host galaxy. The Small Magellanic
Cloud “bar” (SMC “bar”) extinction law has been validated as
the best way to describe the reddening of large quasar popula-
tions (Hopkins et al. 2004; Krawczyk et al. 2015; Coelho et al.
2019). Thus, for the computation of this correction we followed

2 Type I QSO refers to active galactic nuclei that exhibit broad and
narrow emission lines and are interpreted as being seen under an angle
quite large with respect to the torus plane.
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Richards et al. (2003) and Hopkins et al. (2004) approach con-
sidering the SMC bar extinction law from Gordon et al. (2003).
Finally, the absolute magnitude was obtained by taking into
account a last correction, the so-called K-correction, which rep-
resents the redshift effect on the radiation observed in each band-
pass, due to the expansion of the Universe. The main difference
between our approach to obtain the absolute magnitudes and the
preceding ones resides in the use of the Gaia library of synthetic
spectra (Claeskens et al. 2006) to model the quasar spectral
energy distribution (SED). This library allows us to use models
with different intensities for the emission lines, and different val-
ues of spectral indices for the continuum. This method presents
a more complete approach than the previous ones used in the
literature. It gives significantly brighter magnitudes for high red-
shifts, in comparison with the simpler approach of Souchay et al.
(2015) for the LQAC-3, due to the inclusion of the extra extinc-
tion corrections and the different SED model as demonstrated by
Coelho et al. (2019). We note that with our available photomet-
ric data, ranging from the near-UV to the mid-IR, SED fitting
starting from the spectroscopic redhift could be considered. It
may also give accurate absolute magnitudes, and also give some
information about quasar absorption, type, and BAL.

7. Morphological indices

Most of the quasar luminous output comes from the accretion
disc, an inner region ranging the milli-arcsecond or smaller.
Through physical processes and heating a small amount of light
can also come from outer regions as optical jets shocks and
blobs travelling along them, or from broad or narrow line emit-
ting regions. Light from the host galaxy can be perceived for
the nearby quasars. Because of the large discrepancy of the out-
put and of the cosmological distances, a detailed map of the light
distribution by direct observation is rare. Instead, here, the point-
spread function of the quasars’ image is used to establish a mor-
phological index.

The concept is similar to the one used by SDSS (Gunn et al.
2006) and Milliquas (Flesch 2015), but our method employs
IRAF photometry functions and compares the target’s PSF
against that of nearby stars. For each object, we extract fields
of 5x5s ¢ arc-minutes from the DSS (Digitized Sky Survey)
plates B, R, and IR. The choice for the DSS continues what
was done in previous versions of the LQAC, since it covers the
entire sky and the plate emulsion sensitivity matches the results
obtained in SDSS comparison fields (Andrei et al. 2012). The
elements of comparison are the parameters SHARP, SROUND,
and GROUND, determined by IRAF’s DAOFIND on the John-
ston B, R, and I digitised plates of the DSS. The morphological
indexes of each quasar are given by Andrei et al. (2008):
Mpc = |Pq = Pl/o 3
where Mpc is the morphological index of quasar Q for the PSF
parameter P in the colour C, normalised by the standard devia-
tion on parameter P given in comparison to the mean value from
the stars s.

There are 149 084 new quasars in the LQAC-5, which were
retrieved in 119352 B plates, 148 615 R plates, and 145536 IR
plates. The missing fields correspond to faulty sky patches in the
DSS. On top of this, quasars are missing by being too faint (most
of cases) or in a very few cases by lack of suitable comparison
stars. The comparison stars must conform to be at least ten pixels
off the boundaries of the field, as well as isolated by five pixels.
Under these provisions, three kinds of comparisons were made:
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Fig. 13. Histogram of the morphological indices from images from
the DSS filter B, for the new quasars of the LQAC-5 for which all
the three morphological indices were determined. This corresponds
to 48280 quasars. The mnemonic before the filter letter refers to the
IRAF’s DAOFIND SHARP, SROUND, and GROUND.
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Fig. 14. Histogram of the morphological indexes from images from
the DSS filter R for the new quasars of the LQAC-5 for which all
the three morphological indices were determined. This corresponds
to 88271 quasars. The mnemonic before the filter letter refers to the
IRAF’s DAOFIND SHARP, SROUND, and GROUND.

a first one against all the stars in the field, a second one against
the ten stars closer to the target, and a third one against the ten
stars closer and of comparable magnitude to the target. We found
that the results in all three cases are fully equivalent. Thus the
comparison with more stars was finally adopted.

For the new sources in the LQAC-5, all the morphological
indexes were obtained for 24 604 quasars. For 136 420 quasars
at least one morphological index was obtained. Likewise, in
the B filter all morphological indices were obtained for 48 280
quasars, and at least one morphological index for 51 349 quasars;
in the R filter all morphological indices were obtained for
88271 quasars, and at least one morphological index for 94 342
quasars. In the IR filter all morphological indexes were obtained
for 106971 quasars, and at least one morphological index for
113246 quasars. These numbers reflect that the majority of
the new LQAC-5 objects originate from the Baryon Oscillation
Spectroscopic Survey (BOSS, Dawson et al. 2013). This sur-
vey was designed to target faint quasars in the redshift range
z = 2.2-3.5 (Ross et al. 2012), and they are mostly unobscured
objects.
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Fig. 15. Histogram of the morphological indexes from images from
the DSS filter IR, for the new quasars of the LQAC-5 for which all
the three morphological indices were determined. This corresponds to
106971 quasars. The mnemonic before the filter letter refers to the
IRAF’s DAOFIND SHARP,SROUND, and GROUND.

There are no magnitude or redshift dependences on any of
the morphological indices. Figures 13—15 present the percent-
age histograms of the SHARP, SROUND, and GROUND mor-
phological indices, in the B, R, and IR filters. They resemble the
analogous plots in the LQAC-4 (Gattano et al. 2018), which also
contained a large fraction of BOSS-SDSS quasars. Now, how-
ever, the histograms for the three indexes are characteristically
flat. There is a slight peculiarity of the SHARP index, which
is in line with unobscured, bright centre quasars. Also the modal
values for the indices is around 0.8, and the percentage of indices
larger than 2 is at 8%, that is the new LQACS quasars are slightly
more stellar-like than in the previous LQAC issues.

8. LQAC-5 catalogue

The LQAC-5 contains 592809 quasars which represents an
increase of 33.59% with respect to the 443 725 objects compiled
in the LQAC-4. All the new objects are coming from the SDSS
DR14Qrelease (Paris et al. 2018). The individual catalogues pro-
viding source entries in the compilation are the same as in the
LQAC-4. Moreover each one of them is represented by a flag (A
to M). The basic descriptions and specificities of each individ-
ual catalogue can be found in the previous papers related to
the LQAC-2 (Souchay et al. 2012) and LQAC-3 (Souchay et al.
2015).

In Table 2, we show for each individual catalogue the number
of cross-identifications of the objects with both the Gaia DR1 and
the Gaia DR2 catalogues. The percentage of recognition with
the DR2 range between 67% and 77% for the objects belonging
to the radio VLBI catalogues (Flags “A” to “D”), characterised
by very accurate determinations of the equatorial coordinates. In
particular for the ICRF2, the number of cross-identifications is
increased by 310 objects from the DR1 to the DR2, which cor-
responds to a 9.08% increase. Otherwise, the most significant
improvements of the number of detections between the two Gaia
releases concern the LRG (+21.92%) and the 2QZ (+17.37%).
The FIRST catalogue presents a leading percentage of recogni-
tion with the DR2 (97.94%) with only 20 lacking objects to be
compared with a total of 969 units, whereas the lower percentage
concerns the LRG with a rate smaller than 50%.

In the following, with the help of Table 3, we present some
new or improved characteristics of the LQAC-5 catalogue with
respect to the LQAC-4 (Gattano et al. 2018).
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Table 2. Number of quasars present in each individual catalogue of the LQAC-5 compilation with the number of quasars in common with the Gaia
DRI1 and DR2 catalogues, with the corresponding percentage.

Name Ref. Flag Nb. Nb.inDR1 % inDR1 Nb.in DR2 % in DR2
ICRF2 Fey et al. (2015) A 3414 2314 67.78 2624 76.86
VLBA  Found in RFC 2015d " B 7212 4287 59.44 4873 67.57
VLA Found in VLA calibrator manual ® C 1858 1228 66.09 1412 75.99
JVAS Patnaik et al. (1992) D 2118 (800) 1373 64.83 1572 74.22
+ Browne et al. (1998) (781)
SDSS Piris et al. (2018) E 548206 218698 356.82 368149 67.15
2Q7Z Croom et al. (2004) F 23654 18072 76.40 22180 93.77
FIRST Becker et al. (1995) H 969 909 93.81 949 97.94
HB Hewitt & Burbidge (1993) I 6720 5991 89.15 6385 95.01
2MASS  Cutri et al. (2003) J 21882 20338 92.94 21391 97.76
GSC2.3 Lasker et al. (2008) K 144496 123012 85.13 137967 95.48
B1.0 Monet et al. (2003) L 139177 121446 87.26 135101 97.07
\AY% Véron-Cetty & Véron (2010) M 14506 @ 4180 28.82 4696 32.38

Notes. ("Publicly available at http://alt.astrogeo.org/rfc/. ®Publicly available at http://www.vla.nrao.edu/astro/calib/
manual/index.shtml. ®The 218 698 objects and the corresponding percentage are the results of the crossmatches between the 384 834 SDSS
DR12Q objects of the LQAC-4 with the DR1. ®These 14 506 objects are those from Véron-Cetty & Véron (2010) which do not belong to any of

the catalogues with flags “A” to “I”.

Table 3. Number of entries per item in the LQAC-5, with the corre-

sponding percentage.

Item Number of objects Percentage
Redshift z 589364 99.42
DR2 detection only 149935 25.29
DR1 and DR2 detections 248 365 41.90
DR1 detection only (a, d) 397 0.07
parallax in DR2 319 905 53.96
proper motion ( t,,4s) in DR2 319905 53.96
G (DR2) 398300 67.19
G (DR1) 248762 41.96
BP 370702 62.53
RP 370738 62.54
u (SDSS and others) 572299 96.54
g (SDSS only) 540617 91.20
r (SDSS and others) 570303 96.20
i (SDSS and others) 555460 93.69
z (SDSS only) 540620 91.20
J 2MASS) 21882 3.69
K (2MASS) 21882 3.69
W (AIIWISE) 488736 82.44
W, (AIIWISE) 488736 82.44
W3 (AIIWISE) 488599 82.42
W, (AIIWISE) 488597 82.42
Radio Flux at 1.4 Ghz 11594 1.96
Radio Flux at 2.3 Ghz 4268 0.72
Radio Flux at 5.0 Ghz 5340 0.90
Radio Flux at 8.3 Ghz 6465 1.09
Radio Flux at 24.0 Ghz 61 0.01
Absolute magnitude Mp 152864 25.79
Absolute magnitude M; 283 682 47.85
Absolute magnitude M, 525523 88.65
Absolute magnitude M, 525523 88.65
Absolute magnitude M, 525523 88.65
Absolute magnitude M; 525523 88.65
Absolute magnitude M, 525523 88.65
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Table 4. Origin of the coordinates chosen for the LQAC-5 with respect
to those chosen for the LQAC-4

LQAC coord. origin LQAC-4 LQAC-5
Gaia DR2 0 398300
Gaia DR1 246474 394
ICRF 3414 793
LQRF 119374 183696
ORIG 74463 9626
Total 443725 592809

Improvement of determination of the equatorial coordi-
nates. LQAC-5 gives the equatorial coordinates in the original
catalogue given by the first positive flag (A to M) in the alpha-
bet order, which corresponds to an a priori decreasing order
of accuracy, as in the previous versions of the LQAC. More-
over, the LQAC-5 is an astrometric catalogue which gives sep-
arately the a priori best determination of equatorial coordinates
following the decreasing hierarchical order of accuracy: Gaia
DR2 > ICRF2 > LQRF > ORIGINAL. This means that when a
quasar belongs to the Gaia DR2 release, its coordinates are cho-
sen in priority, even if it belongs to the ICRF2. If the quasar
belongs to the ICRF2 but is not present in the DR2, the ICRF2
coordinates are chosen. When a quasar is not identified either
in the DR2 or as an ICRF component, there are two remain-
ing possibilities: if it has LQRF coordinates, they are chosen in
priority. In the negative case, there is no other choice than keep-
ing the original coordinates. The quantitative results concerning
these choices are shown in Table 4. A significant improvement
lies in the important decrease of original coordinates (flagged
as “ORIGIN”™) in favour of LQRF coordinates, which means
an a priori better estimation of these coordinates, as detailed in
Sect. 5. Thus the number of original coordinates dropped drasti-
cally from 74 463 to 9626.

The LQAC membership flag. In the LQAC-5 catalogue, a
flag (37, “4”, or ““5”), is indicated for each entry to specify the
first appearance of the quasar to the successive up-dates of the
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LQAC, that is, respectively the LQAC-3 (Souchay et al. 2015),
the LQAC-4 (Gattano et al. 2018) and the LQAC-5 (this paper).

Parallaxes and proper motions from Gaia DR2. These two
items constitute a very important additional piece of informa-
tion in the LQAC-5 up-date with respect to the LQAC-4 one.
The reason is that this fundamental data was not present in the
DR1 whereas it appeared for the first time in the DR2 release.
We note that these two parameters are completely dependent, in
other words, there is no case for which the parallax is given with-
out proper motion and vice versa. Moreover, we can note that
this data concerns 319 905 objects. That corresponds to 80.25%
of the total number of quasars present either in the DR1 or in
the DR2, which amounts to 398 697 units. This corresponds to
53.96% of the whole LQAC-5 sample.

Mid-infrared data. For the first time in a LQAC update, we
have carried out the cross-identification with the AIIWISE sur-
vey (Wright et al. 2010), which brings mid-infrared magnitudes
W, and W, for 488736 objects, W3 for 488 599 ones W, for
488 507 ones. This corresponds respectively to 82.44%, 82.42%
and 82.40% of the overall LQAC-5 population. This result is
consistent with the completeness estimate made by Secrest et al.
(2015, see Sect. 4.4 therein).

9. Conclusion

In this paper, we have elaborated an updated version of the
Large Quasar Astrometric Catalogue, namely the LQAC-5, by
adding exclusively new quasars coming from the DR14Q release
of the SDSS (Parisetal. 2018). Thus, the total number of
recorded quasars in our compilation reaches 592809 objects.
This constitutes a 33.59% increase with respect to the pre-
vious LQAC-4 version (Gattano et al. 2018), which, with its
443725 objects, presented a 37.82% increase with respect to the
LQAC-3 (Souchay et al. 2015).

In addition to the 149 084 new entries, an important advan-
tage of the LQAC-5 with respect to the LQAC-4 is the cross-
identification with the Gaia DR2 catalogue, which enables us in
particular to reckon undoubtedly 398 300 Gaia objects as known
quasars. This figure represents 67.18% of the whole population
in LQAC-5. This can be compared with the 249 071 Gaia DR1
objects recognised in the LQAC-4 catalogue, which represents
a 59.91% increase. This quantitative improvement is accompa-
nied by a remarkable refinement of the source position quality,
in other words, the improvement of the equatorial position uncer-
tainties for quasars observed by Gaia. In a very large majority,
the Gaia DR2 data are more accurate than the Gaia DR1 data
which have served for the LQAC-4. In an important proportion of
cases, this is characterised by an improvement of a factor of ten.

Another important benefit of the cross-identification with
Gaia DR2 lies in two fundamental new sets of parameters
available for common quasars. These are the parallaxes and
the proper motions in both equatorial coordinates. In general,
given their distances, quasars present undetectable parallaxes
and proper motions. That point constitutes a postulate, checked
in VLBI, for instance when we refer to the ICRF2 (Fey et al.
2015). Therefore, the nominal values of the parallaxes and two-
dimensional proper motions values as given by Gaia DR2 should
be coherent with a zero value when taking into account the value
of the uncertainty.

As mentioned in the introduction, the LQAC-5 compilation
induces naturally some comparisons with the very recent cat-
alogues of AGN'’s elaborated both by Paine et al. (2018) and
Assef et al. (2018). The first paper presents an all-sky sample

of 567 721 AGNs in Gaia Data Release 1, selected using WISE
two-colour criteria. The catalogue has the advantage to propose
a fairly uniform sky coverage beyond the Galactic plane, with a
mean density of 12.8 AGNs per square degree and a magnitude
limit at G =20.7. The AGN were obtained by cross-matching the
AIIWISE (Secrest et al. 2015) catalogue of MIR (mid infra-red)
AGNSs with Gaia Data Release 1 using the pre-computed WISE
cross-match table provided in the Gaia archive (Marrese et al.
2017). The second paper presents two large catalogues of AGN
candidates (R90 and C75) identified across 30 093 deg® of the
extragalactic sky again from AIIWISE Data Release. Both cata-
logues are selected purely using the WISE W1 and W2 bands.
The R90 catalogue consists of 4543 530 AGN candidates with
90% reliability, while the C75 catalogue consists of 20907 127
AGN candidates with 75% completeness. From these specifici-
ties, we observe that the number of quasars in the first study
is roughly equivalent to the number of objects in the LQAC-5
(592 809) whereas it corresponds to a ratio 7.6 to 1 and 35.3 to 1
respectively for the R90 and C75 surveys.

Nevertheless, the advantage of the LQAC-5 lies in two
fundamental aspects: first, it gives a sample of objects duly
recognised spectroscopically as quasars, excepted a very small
population consisting of VLBI sources (among which ICRF2
ones) kept for their obvious astrometric quality. Second, as is
illustrated by the acronym LQAC, it gives the best a priori deter-
mination of the celestial coordinates of each object, which is,
for a large majority of objects, considerably more accurate than
the determination of coordinates coming from the original cata-
logues. The LQAC is continuously improved and updated at the
fast rhythm of large survey observations, for example, the next
SDSS public release containing new eBOSS data is scheduled
for the summer of 2019 and will contain spectroscopic data after
four years of observations, which should represent more than
700 000 quasars.
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