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Abstract

We use European Space Agency Gaia mission second data release, combined
with a known Quasar Catalog extracted from SDSS, UKDISS and WISE
surveys within the area of strip 82.

First, the astrometric data of the Gaia mission is checked for all the known
quasars in our catalog. Within the accepted error, only 12 objects among
the 3517 turn out to have significant proper motion. After verification, 10
are confirmed quasars, and one is a star. A particularly high proper motion
quasar is worth further studies as we can’t explain this high proper motion.
Second, we observe all sources within strip 82 and use color magnitude
added to zero proper motion to create a quasar candidates table. We used
the WISE band as it is the cleanest selection band. From an initial 554496
Gaia sources we select 1931 in our quasar candidates catalog.

A step further to this thesis would firstly be to observe the particular quasar
in order to understand why it has such high proper motion, and secondly to
observe the quasar candidates in order to test the efficiency of this selection
technique.
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Chapter 1

Introduction

1.1 History

Quasi-stellar radio sources/objects called Quasars have long been observed
by astronomers, many have been stored in catalogs as stars before they were
discovered as quasars, hiding their true nature. The discovery of quasars and
radio galaxies has been the engine in the development of radio astronomy.
All the research began with the detection of a weak radio signal coming from
the Milky Way (MW) detected by Karl Jansky [9](1935), and the creation
of the first amateur radio telescope by Grote Reber in the 1930’s, mapping
two main radio sources known as Cyg A and Cas A. Two amateurs began
a search that would lead to a whole new field of astronomy. Even if it
took long for optical astronomers to get any interest in radio astronomy,
the development of radio telescope took off in the late 1940’s and 1950’s in
England and Australia with the creation of Astronomical interferometers.
When radio image resolution became high enough to compare the results
with optical observation, it was though that the radio waves from Cyg A
were coming from the collisions of 2 galaxies. Later, with better resolution,
it was found that it was not coming from a ”collision” but from two gigantic
lobes of 200 000 light years. The energy of these lobes would come from a
unique super massive black hole.

These new radio galaxies convinced American universities to invest the radio
astronomy field. In 1960, Allan Sandage received the radio image of the very
small radio-source 3C-48 measured by Tom Mathews. Sandage observed
the source with the Palomar telescope (the largest optical telescope at that
time) and was very surprised not to find a galaxy but just a small blue
star (Matthews and Sandage, 1963 [14]). After observing the spectra of this
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supposed star, he described it as the strangest spectra he had ever seen.
The lines were not identified and he just didn’t know what this object was.
Several similar objects were found during the following years.

In 1963, Maarten Schmidt saw on his spectra of 3C-273 that the strong lines
he was observing were actually the Balmer transitions lines but very shifted
(16%), nobody had seen such redshift before (Greenstein, J. L., Schmidt,
1964 [7]). The study of the 3C-48 finally gave magnesium and oxygen lines,
shifted 37%, meaning the two objects were then at respectively 2 and 4.5
billion light years from us. But such far distance and such luminosity leads
to a confusing conclusion, their luminosity must be hundreds of times the
luminosity of the brightest known galaxy, so definitely not a star. Even
more confusing, the study of 3C-273 flux variability showed that it is 71 light
month” wide (Smith, H. J., Hoffleit, D.,1963 [21]), when a standard galaxy
can be 100 000 light years, for a luminosity 100 times smaller. Many theories
came out to explain this luminosity but the only a few were very plausible,
the main one being a super massive black hole(SMBH) in the center of
a galaxy (Salpeter, 1964 [18]. To support this conclusions, astronomers
required the help of theorists. For the first time all branches of astrophysics
worked together on a same subject.

In 1965 it was discovered by Sandage that some quasars were radio quiet,
and that quasars had lots of similarities with the closer to us Seyfert Galaxies
(spiral galaxies with an intense luminous center). Together they form the
Active Galactic Nuclei (AGN) family. Since the beginning of the observation
of quasars it as always been obvious that these object sending us early images
of our universe were to observe and to study very carefully.

Studies still argue if radio loud and radio quiet quasars form a Unified model
of quasar, this will be discussed in section 1.3.1. All quasars are being,
without any doubt powered by a SMBH accreting mater, the energy source
being the gravitational potential of the central black hole. AGN have specific
characteristics proper to themselves. In the core of the AGN there is a
SMBH, surrounded by its accretion disk that powers the whole system. Next
to this accretion is the Broad line region (BLR) and surrounding it are the
Torus and the Narrow line region (NLR). Two jets are emitted in opposite
direction, they can be more or less powerful but all jets show relativistic
photons spiraling in a magnetic field, and when these charged particles are
accelerated they radiate photons at radio wavelengths, this effect is called
synchrotron radiation (see Bradley M. Peterson,1997 [16]). The structure
of quasars will be discussed more in detail in the following sections.

The detection of quasars is, to a large extent, determined on the position we
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observe it, if we observe directly the jets, we would see a radio excess and a
great variability that would describe a Blazar (BL objects), observed from
other parts would lead to seeing quasars, that can be radio quiet or radio
loud depending on the specific object. A radio loud quasar would come from
an AGN with strong radio lobes and jets, when a quasar with a low intensity
jet would rather be radio quiet. A brief overview can be seen in figure 2.1
and this will be re-discussed in section 1.3.
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Figure 1.1: A schematic  illustration  of  the cur-

rently  favored  model  for how  quasars are  structured
(http://www.isdc.unige.ch/ ricci/Website/Active_Galactic_Nuclei.html)

1.2 The quasar phenomenon

1.2.1 Variability

One of the most noticeable proprieties of quasars is its variability in all
wavelengths (e.g., Smith and Hoffleit 1963 [21]). The variation can last
from a few months to days. This period gives an idea of the dimension of
the nucleus as of course the region, due to causality, must be smaller or

10
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equal to light travel distance in the variability time scale. This leads for a
quasar with a period of days to a length of 26 billion kilometers, which is
comparable to the size of the solar systems. So a quasar is emitting 100
times as much energy as an entire galaxy, in a size comparable to the solar
system. This intense luminosity is based on the supposed distance of the
quasar derived from the redshift.

1.2.2 Eddington luminosity

The Eddington luminosity is the maximum luminosity an object can have
before breaking the balance between radiative forces and gravitational forces.
It gives very important information’s about quasars, as their luminosity is
so high, the Eddington limits allows us to derive important parameters such
as mass. Assuming the stable isotropy of a source, it is possible to derive a
minimum mass from the Eddington limit given by

Mg =8-10° Ly My (1.1)
with Ly the central luminosity in units of 10*erg-s—!. The typical quasars
luminosity would be Lgso =~ 10%erg - s71, resulting a central mass larger
then Mgso =~ 108M,, is required. From this we can derive the Eddington

luminosity as:
4rGem,

Lgp=——-—+"M (1.2)
Oe

which gives us the maximum luminosity an object of mass M can have.
These results allow us to tell that quasars are from the size of a solar system
but with a mass of around millions, to billions times the solar system mass
and emitting much more energy than galaxies. It is difficult not to imag-
ine that it is a black hole that powers this mass (Salpeter, 1964 [18] and

Zel’dovich, 1964 [28]) and nearly every astronomer supports this theory.

1.2.3 Ultraviolet fluxes

As said in last sections, the first look on a quasar by Allan Sandage (1965[19])
looked like a blue star. When we look at the UVB photometry, it shows
that U — B is very small and is referred as an ultraviolet excess, but this is
only relative to the spectral energy of stars. Quasars basically appear blue
because their spectra is flatter then spectra of stars through the U and B
band.

11
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This specificity leads to a detection technique using UVB magnitudes,
using the U — B < 0 as a selection criteria.

1.2.4 Red-shift

A very important measurement to understand the real nature of quasars is
of course the redshift measurement. The redshift is a quantity defined by
the observation of a spectral line, which would be shifted from its laboratory
position and derived as following:

A= A

- AN 1.
z " N (1.3)

In the frame of the expansion of the universe, the red shift gives us an
idea about the speed of the object, and the time light takes to come to us.
Thanks to cosmological models, it is possible to derive the distance between
us and quasars. A large frame of different redshifts as been collected from
different quasars, from redshifts around z=1 to the highest redshift to be
z="7.54 ( Banados et al., 2018 [1]). First consequence of this high redshift is
the deduced luminosity of quasars. Second is to see absorption lines in the
spectra that have different redshifts (lower) which come from objects in the
path of the quasars light and then act like a probe, this will be discussed in
part 1.3.4.

1.2.5 Accretion disks / fueling of quasars

As discussed in last section, quasar are some of the most power full object in
the univers. They have extreme luminosity, but the very interesting param-
eter is the variability of quasars. This variability is a chance for astronomers
to measure the size of the central part. The size of quasar would be the
distance light travels during one variability. Typically quasars are few light
days long. So the question would be how an object of the size of the solar
system can be as luminous as hundreds of galaxies without exploding? Of
course the first idea is to imagine a super massive black hole in the center,
of at least 10°M, that would counterbalance the radiative energy. The high
luminosity is then explained by the accretion disk.

12
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1.3 Quasar and AGN - a unified model

Quasars belong to the Active Galactic Nuclei (AGN) family together with
Seyfert galaxies, Blazars and to some extent radio galaxies. They all possess
an intense and powerful nuclei driven by the SMBH in its center. Seyfert
galaxies are not as luminous as quasars, and their host galaxy can be directly
observed which is impossible with quasar for whom the intense luminosity
overwhelms the center making it impossible for us to observe. Seyfert Galax-
ies have typically lower redshifts than quasars, even if some exceptions have
been observed.

1.3.1 Radio Loud Radio quiet

Quasars, and AGN’s in general are divided in two main family, radio loud
and radio quiet. Radio emission is the first clue that led astronomers to
discover quasars, and a very important figure is when it was discovered that
quasars are not necessary radio loud (Ryle, M., Sandage, 1964 [17]) and
it is thanks to the development of a new selection technique involving U
magnitude excess (discussed in section 1.2.3). The main reason why some
QSO’s are radio loud and some radio quiet is due to the presence of radio
lobes coming from the jets expelled by the center of the source. All quasars
have jets but the intensity of their emission can be very variable, leading to
some quasars having very strong radio figures and other with very weak ones.
The intensity of a jet is directly correlated to the SMBH in the center of the
source, as the strength of the jet emission depends on its spin. If the SMBH
spins fast, the jet would be strong and and we would observe a radio loud
quasar, in the other hand if the SMBH spins slowly, it will produce weak
jets and we would see a radio quiet quasar (Wilson and Colbert 1995 [25]).
Radio quiet is an exaggerated name as almost all radio quiet quasars have
very weak but existing radio fluxes, but there is a very large gape between
the emission strength of radio loud and radio quiet QSO’s that justifies this
appellation. This large gape is a mistery for astronomers, but this is out
of the scope of this thesis. A particular case of radio loud quasars would
be observed if the object is directly observed through the jets axis, known
as radio axis. in that case we would talk about a Blazar that has the
particularity to be very variable and with a very large radio emission.

Some papers stat that maybe low spinning of the SMBH could lead the
galaxy hosting radio quiet quasars to be more efficient in star formation,
enhancing the idea that radio loud and radio quiet quasars are two distinct

13
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populations (Zakamska, Nadia L., et al. 2015 [27]).

1.3.2 Broad line region

The Broad line region (BLR) is the closest region surrounding the SMBH
after the accretion disk. As its name lets it understand, this is a particular
region that produces very broad emission lines. Broad emission lines are a
dominant figure of many AGN’s spectra, so it is a common phenomenon for
all Quasars. The emission lines are believed to be driven by photoionization
by the central source and most of the recombination emission originates in
the broad line cloud that is optically thick. The high density of the BLR
makes forbidden lines collisionally suppressed and thus impossible in this
region (B.M,Peterson, 1997 [16]).

The main interest in the study of the BLR is the ability to map the inner
part of the AGN. In the case of quasar it is of major importance since we
can’t observe the inner part of the source. the technique used is called
reverberation mapping. This is out of the scope of this thesis, but the
interest in it is great as it allows to estimate the mass of the central SMBH
and its size.

1.3.3 Narrow Line Region

The Narrow Line Region (NLR) is a vast region around the central source,
that can be illustrated like a cloude around the central part and the dust
torus. This region produces Narrow lines in the QSO’s spectra. The ionizing
radiation coming from the central source dominates in this region and the
electron density is low enough to produce forbidden lines, which helps us
to estimate and measure main parameters of the NLR gas such as electron
density and temperature.

A typicalevalue for the NLR gas Temperature is T, ~ 16000K (Koski, A.
T., 1978 [11]). Some measurement of the mass of the NLR gives the NLR
heavier than the BLR, but the BLR being so dense its emission overwhelms
the NLR.

An other information the NLR gives us is the description of the kinematics
of the gas.

14
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1.3.4 Probes

Quasars are of great importance as they can work as probes of the universe.
Until now we mainly discussed the emission lines that quasars could send us,
but its is equally or even more important to observe the absorption features
that are the keys the mapping of the universe

If the quasar is not to much redshifted regarding the beam of the instrument,
it may be possible to observe the Lymana line and the Lyman forest. The
Lyman forest is a great way to understand and measure what the light of
the quasar encountered on its path, and thus is important to understand.
Absorption lines can also be observed, if they come from an object on the
path of the quasar, the absorption line will be redshifted differently then the
quasar redshift, then by identifying the source, we can set that the object
is at such distance from us and continue our mapping of the universe. This
mapping is of great use to understand how and when Galaxies and stars
form.

1.4 Quasar identification

As seen before, the study of quasars is essential to deepen our knowledge of
the universe and galaxy/stellar formation. But quasars are difficult objects
to detect as they can optically look as stars and also that quasars are very
faint objects. A pre-idfentification of candidates is necessary and then must
be verified by their spectra once selected.

The first identification technique resulted from quasar discovery and con-
sisted on matching star like object positions and radio source position. Stars
would not radiate in radio wavelengths so it has been understood that the
objects were quasars. Very rapidly it was also understood that all quasars do
not radiate radio wave (around 10% actually radiate in radio wavelengths)
and thus this identification technique had to be changed. Soon it has been
understood that stars and quasars have different optical UVB color diagrams
(Sandage, 1971 [20]). The SED of stars being well known and temperature
dependent, the blue color of quasars would deviate the track they follow
from the stellar diagram (U — B < 0). The only problem is that some of
the most effective color identification turned out to be very contaminated
by galactic stars and only 5,4% of candidates resulted being quasars (Green
and alt, 1986]6]).
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Figure 1.2: Unified model of AGN. Image credits Britto, R. J.,2002 [2]

Historically the next detection technique would be introduced by Low
and Kleinmann (1968 [12]) emitting the possibility of observing the infrared
radiation coming from the hot torus. It is only two decades later than the
technically challenging process to do so was set by building the Infrared As-
tronomical Satellite (IRAS).

As Ultraviolet fluxes selection was found to be very biased by stellar
population, studies focusing on infrared selection where discussed (Low and
Kleinmann 1968). The technological and understanding of using infrared as
selection technique was a challenging problem and it took two decades to
reach to some results. Many different surveys were tried such as de Grijp et
alt (1987). The use of Near infrared (NIR) as been developed to avoid con-
tamination by dust, as NIR is less affected by dust reddening. Similarly then
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with UV excess, one of the most recent technique as been based on the ob-
servation of the K-band. In the same way as with U — B < 0, the J-K band
appears very different for quasars then with stars, which provides a very
good technique to discriminate stars from quasars, but unfortunately galax-
ies have similar J-K band, which shifts the problem from stars to galaxies.
Other infrared surveys have been used such as Mid-Infrared (MIR) survey
(Wright, et al., 2010 [26] and Stern et al, 2012 [23]) and other using 2 MIR
surveys (Mateos et al, 2012 [13]).

Some other search were also based on other proprieties of quasars, such
as variability (Usher and Mitchell 1978[24]) and of course X-Ray detection
(Grazian, A., et al,2000[5]), as it is one of the only propriety shared by all
quasars. It has even been made by Serendipity (McCarthy et al. 1988 [15]).

The identification criteria that is applied in this thesis is using astrome-
try, considering that Quasars are stationary sources. This idea was already
emitted in the 1980’s (Koo et al. 1986 [10]) but was impossible to apply
with the technical progress at that time. Thanks to the ESA Gaia mission
it has been made possible to use this technique that as a great potential
to identify with more efficiency Quasars and even maybe find new types of
Quasars.

My research for zero proper motion sources is the direct continuation of a
previous work of my supervisor Johan P.Fynbo co-wrote (K.E.Heintz,2018 [8]).
This work is focused on quasar identification using zero proper motion within
an area of 1 degree around the galactic north pole. This research led to a
great efficiency selection within high latitudes, as only < 25% of selected
sources were not identified as quasars. My research is very similar to this
but I extent it to a larger survey in the sky.

17



Chapter 2

Gaia satellite

The Gaia mission is an European space agency(ESA) mission launched in
2013 and expected to last until 2022. Specialized in astrometry, Gaia follows
the legacy of the previous astrometric ESA mission Hipparcos, also special-
ized in astrometry. Gaia aims to touch a larger amount of sources compared
to Hipparcos. The astrometry data is divided on two subsets, a 2 parameter
astrometric solution with standard right ascension and declination (361 009
408 sources) and a 5 parameters astrometric solution that adds parallax,
and proper motion regarding right ascension and declination (1 331 909 727
sources). Typically the 2 solutions objects are the very faint object with
Magnitudes G > 21.

The space craft is composed of two telescopes separated by a wide angle

of 106.5 degrees, the space craft would rotate around an axis perpendicular
to the telescopes line of sight.
This system will allow the telescope to observe each sources at least 70
times during its lifetime, this continuous observation allows a good observa-
tion time and gives us good measurementts of object within the milky way
and beyond. Gaia allows us to observe very faint sources for the first time,
sources that were too faint to be detected in previous missions. Quasars be-
ing faint sources, the Gaia telescope gives us a great opportunity to observe
new sources and specially hope to see new quasars. But with observations
and instruments always comes uncertainties. This uncertainties on Astrom-
etry are different regarding the magnitude and are described in the following
table 2.1 :

18
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Table 2.1: Basic performance statistics for Gaia DR2.

Data product or source type Typical uncertainty

Five-parameter astrometry (position & parallax)  0.02-0.04 mas at G 15
0.1 mas at G = 17
0.7 mas at G = 20
2 mas at G = 21
Five-parameter astrometry (proper motion) 0.07 mas yr~! at G < 15
0.2 mas yr—t at G =17
1.2 mas yr—! at G = 20
3 mas yr—! at G =21

2.1 Proper motion estimation

Gaia gives us one of the largest catalog of astronomical sources, specially
stars of our galaxy, its outstanding precision and amount of objects it ob-
serves, makes the use of its data interesting too all branches of astronomy,
and allows us today to search for quasars thanks to astrometry. The Gaia
data is made fully available to anyone, unlike the Hipparcos mission, and we
have used data from the second data release of the mission. The main aim of
the thesis is to try to isolate quasars thanks to proper motion measurement
delivered by Gaia.

A quick calculation of quasar maximum proper motion regarding differ-
ent redshifts ranges can be made. Taking the maximum velocity it could
have is the speed of light (which would be highly surprising), and the direc-
tion it would be perceived the fastest for the observer would be a direction
perpendicular to the line of sight. Knowing this, we can calculate the max-
imum proper motion a quasar would be supposed to have, regarding its
redshift. This results have been stored in Tab 2.

As shown in the table the proper motion is nearly around zero for mil-
liarcseconds per year, which is insignificant for observations. And if we rise
the redshift, the proper motion will decline more. So Quasars should be
objects with zero proper motion and selecting them in that way could be a
great possibility to create unbiased catalogs of quasars, that are very difficult
to produce for now.

19
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Table 2.2: Tab.2 Theorical Calculation of proper motion of Quasars

redshift  velocity 1 arcsec  Proper Motion

z=0.5 c 6.3 kph  0.049 mas/yr
z=0.5 500 kms™! 6.3 kpc 8.112¢7® mas/yr
z=1 c 8.2 kpc  0.037 mas/yr
z=1 500 kms~! 8.2 kpc 6.232¢7® mas/yr
z=2 c 8.6 kpc 0.036 mas/yr
z=2 500 kms™! 8.6 kpc 5.942¢7® mas/yr
z=3 c 7.9 kpc  0.039 mas/yr
z=3 500 kms™! 7.9kpc 6.468¢7® mas/yr

Figure 2.1: Gaia Spacecraft. Artist view, Credit: ESA

20



Chapter 3

Data selection

Quasars are without any doubt some of the most powerful objects in the
universe, as explained in Chapter 1, they are so powerful and bright that
they can be measured at very large distances, giving us the opportunity to
observe early galactic ages, essential for a better understanding of galaxies
and stellar formation. Without any doubt observing Quasars brings us back
in time, but the light we receive from this super powered objects travelled
millions to billions of light years, finding on its path dust clouds, stars, galax-
ies, or anything in the way toward us. This light would of course be affected
by these encounters and the background light of the quasars turns into a
probe of all the universe between it and us. This particularity is without
any doubt one of the most powerful tools to map our universe and be able
to understand galaxy formation and Black hole formation.

But if thanks to Quasars spectra we can probe all these amazing features
with more or less efficiency, finding Quasars isn’t something easy, worse is
that they hide behind optical blue star shape. Before observing quasars,
we have to select them. Their have been many different ways to identify
quasars candidates through the decades since quasars were discovered (only
60 years ago) and these techniques were often driven by the instrumental
technological advancement.

Today the Gaia telescope gives us a great opportunity to use one of the
selection techniques that was long submitted (Koo et al. 1986 [10]) but had
not enough technological precision to be realized. Even if the main mission
of Gaia isn’t quasar observation, it’s very precise astrometry measurements
is from great use for quasar selection. As said before using zero proper mo-
tion for Quasar selection may be from a great use in order to realize large
unbiased catalogs of quasars, as it would use a specificity of all quasars,

21
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unrewarding their radio excess, or if they were reddened by dust. The only
real parameter shared by all quasars would be their X-ray emission and
their ultraviolet flux, but these techniques often turn out to be very biased
by stellar populations.

This thesis will be divided in three different main parts. First it will
focus on verifying if the Quasar catalog respects the zero proper motion
hypothesis. To be considered as being a zero proper motion object, the
source must have its error within the 3o error limit. Then we will focus
on how the proper motion correction could very efficiently clean the stellar
contamination within color magnitude plots. And in the last part we will
discuss the efficiency that can be hoped for this selection technique and
create a large catalog of new quasar candidates.

3.1 Data

Quasar candidates were selected based on astrometry and color selection.
Data catalogue was based on Gaia mission, astrometry and photometry were
based on several surveys, the Sloan Digital Sky Survey (SDSS) for the optical
(Eisenstein et al.,2011), Infrared Deep Sky Survey (UKDISS) for the near
infrared (Warren et alt., 2017) and the Wide-field Infrared Survey Explorer
(Wise) for the mid infrared (Wright et al.,2010). The SDSS photometric
data consists of magnitudes in the u, g, r, i, z optical bands at the effective
wavelengths 3543A, 4770A, 6231A, 7625A and 9134A, respectively. The
UKIDSS photometric data at NIR wavelengths are given in the four Y,J,H,K
bands with effective wavelengths of. The WISE survey provides photometric
data in the MIR in four bands with effective wavelengths 3.4, 4.6, 12 and
22 pm, which later will simply be referred to as W1, W2, W3 and W4,
respectively.

3.2 Stripe 82

The selection was made on a well known part of the sky called strip 82. This
area covers 300 deg? near the equator in the southern Galactic plane that
covers from 300 deg to 60 deg in Right Ascension (RA) and from -1.26 deg
to 1.26 deg in Declination (DEC). This area is very well known and has been
observed several times (scanned 70-90 times by SDSS), it is considered that
almost all quasars have been observed in this area and thus it is a good area
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3.2. STRIPE 82 Data selection

to investigate if astrometry is a good tracer for quasars. A celestial overview
of all Gaia objects within strip 82 is illustrated in Figure 3.1.

Data has been divided in several categories, in order to discriminate sources,
of course we want to separate stars from quasars, but quasars were also
divided regarding redshifts. Quasars were separated in such mater because
proper motion relies strongly on redshift. Sources with magnitudes higher
then 21 have been excluded, considered too faint to obtain proper proper
motion measurements.

Galactic Latitude Deg

200 180 160 140 120 100 80 60 40

Galactic Longitude Deg

Figure 3.1: All Gaia sources within Galactic coordinates in strip 82
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Chapter 4

Results

4.1 Proper motion of known quasars

As discussed in the previous section, I created a data catalogue from several
surveys, coming from SDSS, UKIDSS and WISE, all having observed strip
82 several times and giving us a large quasar catalogue, observed by Gaia.
This catalogue is filled with 3572 known quasars. Gaia observation gives,
as discussed previously, a five and a two parameter data. Proper motion
can only be observed in the five-parameter objects. Unfortunately 55 ob-
jects from my catalogue fall in the two-parameter selection and thus have
no proper motion data for now (maybe the third run of Observations from
Gaia will correct these objects).

After removing these 55 objects, I ended up with 3517 quasars in my cata-
logue with proper motion. The result of the proper motion determination is
shown in Figure 4.1. It is very apparent that most QSO’s are within the 3o
limit, so almost all quasars are considered to be zero proper motion objects.

Among our Quasar Catalog, 12 of the objects have non zero proper
motion and the detail of these objects are shown in Table 4.1 (Stellar coor-
dinates of these sources can be found in Table 6.1 in the appendix).

Most of these objects have proper motion around 3 or 4 ¢ but three
different objects have very high proper motions and need to be discussed.

SDSS J010345.56+003746.7

This object has right Ascension of 15.9399 deg and Declination of 0.6296
deg and redshift z=1.164. It can be seen in Figure 4.2 that this object is
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Figure 4.1: Histogram of Quasar population regarding proper motion

a hot blue star, the Balmer bump can be clearly seen around 4000 A. the
image confirms the shape of a blue star and there is no apparent object that
could have biased the spectroscopy. This object must have been wrongly
classified as a quasar at some point.

SDSS J214042.01-004358.7

This object has right Ascension of 325.1751 deg and Declination of -
0.7330 deg and redshift z=2.187. The very high proper motion obtained for
this objects is without any doubt due to the object in the line of sight that
can be seen in Figure 4.3. When focusing the observation on the quasar,
we can see a very typical quasar spectra with broad emission lines. new
observation with more precise coordinates will be necessary to determine
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fr (1077 erg/s/cm®/Ang)

Survey: boss Program: commissioning Target: TEMPLATE_STAR_PHOTO
RA=15.93985, Dec=0.62964, Plate=3735, Fiber=723, MID=55209
cz=—123+,/-14 km/s Class=STAR 08/09 (167771)

No warnings.
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Figure 4.2: SDSS J010345.56+003746.7 Spectra and Overview
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Survey: sdss Program: fsiars Target: STAR_BHB SOUTHERN_SURVEY

RA=3825.17462, Dec=-0.73310, Plate=11562, Fiber=2156, MJID=52941
z=R2.19735+0.00024 Class=Q30 BROADLINE

No warnings.
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Figure 4.3: SSDSS J214042.01-004358.7 Spectra and Overview
A star in the line of sight must have been the reason of such high proper
motion. The spectra is from the individual quasar on the right.
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Table 4.1: Non zero proper motion objects list and their theoretical trans-
verse velocities

Name Proper Motion (mas/yr) redshift Velocity (kpc/yr)
SDSS J002516.70+002221.9 3.6676 1.448 3.11 x 1072
SDSS J010345.56+003746.7 25.6380 1.164 2.18 x 107!
SDSS J013306.18-004523.8 4.2372 0.733 3.18 x 1072
SDSS J013446.47-004652.0 3.0220 1.346 2.61 x 1072
SDSS J014243.53-002754.1 3.2723 2.735 2.65 x 1072
SDSS J022349.72-011347.4 3.3726 1.95 2.29 x 1072
SDSS J022723.99-010623.4 19.3624 2.178 1.16 x 107¢
SDSS J023617.50+002557.6 4.1809 1.502 3.64 x 1072
SDSS J025247.334-005135.1 3.0264 2.115 2.58 x 1072
SDSS J030501.154-003702.9 3.2286 1.156 2.74 x 1072
SDSS J214042.01-004358.7 15.3840 2.187 1.31 x 1071
SDSS J230015.184-010520.0 4.8158 1.643 4.19 x 1072

the proper motion of this Quasar.

SSDSS J022723.99-010623.4

This object has right Ascension of 36.8500 deg and Declination of -1.1066
deg and redshift z=2.178. This is the most intriguing object in our obser-
vation. No apparent object could disturb the spectral or astrometrical ob-
servation of this object, but looking at the spectra it is very surprising to
see that without any doubt, this is a quasar spectra. The apparent velocity
calculated for this quasar is 537 times the speed of light, which is way more
then the speed of light.

4.1.1 Superluminal motion

Superluminal motion is a phenomenon that appears when an observer sees
an object with apparent velocity higher than the speed of light. Of course
the actual velocity of that source is not faster then light, this effect is an
illusion created by the lobes. This illusion of supraluminal motion is caused
by the jets of the object. These jets are coming from the SMBH and have
velocities close to light speed (c). But compact cores as quasars are, as we
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Survey: boss Program: commissioning Target: §SO_BONUS QSO_KNOWN_MIDZ
RA=36.84999, Dec=-1.10651, Plate=3615, Fiber=333, MID=55179
z=2.17812+0.00024 Class=QS0 BROADLINE

No warnings.
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Figure 4.4: SSDSS J022723.99-010623.4 Spectra and Overview
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Figure 4.5: Radio maps at 22 GHz of the blazar BL Lac; the scale bar is 5
light-years long, assuming that HO = 67 km s1 Mpcl . Blob S8 moves in a
corkscrew path away from the core at apparent speed 3c. The hatched ellipse
shows the telescope beam; a point like source would appear with roughly
this size and shape — G. Denn.

have seen in the introduction, variable sources, changing their luminosity
more or less rapidly, creating series of blobs, some times being from 10-15
pc. Brightness peaks coincides with the appearance of new blobs which
travel very fast in the jet path before fading in the universe. Figure 4.5
coming from Linda S.Sparke and John S.Gallagher [22] (2000) shows how a
Blazar blob can seem to be traveling at 3c.

To understand that we consider an observer looking to a blob created
by the jet material, going at a speed V. The jet makes an angle 6 with the
line of sight. The blob passes point S at t = 0 and point T at time At
later. radiation emitted at T is sent later than radiation at S but because
of T being closer, the two emission are received faster then At. then At
becomes:

Atops = At(1 — V cosf/c) (4.1)
For the observer, it can be seen in figure 4.6 that the lobe travelled a

distance of V Atsin# in the sky, which gives an apparent speed of:

VAtsin0

1—Vcosb/c (4.2)

V;)bs =
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Figure 4.6: Luminous blobs ejected at angle to the line of sight can appear
to move superluminally across the sky if their speed V c.

We would only observe superluminal motion for jets that point towards our
direction within 10 deg, but this angle depends on the speed of the jet, see
Galaxies in the Universe by Linda S.Sparke and John S.Gallagher [22] (2000)
for more details. This means that most of the objects must be BL objects
as the jet comes towards us.

Blazar spectra look very different then SSDSS J022723.99-010623.4 spectra.
It has been observed in radio bands to see if we detected the radio emission
of jets, but the FIRST survey image shows no radio sources at that position.
All this drives out the possibility of it being a blazar. In order to get more
information about this object, we sent an email to Dr.David Hobbs and
Dr.Lennart Lindegren, both involved in the Gaia mission in Lund. They
said that there is nothing in the DR2 data to suggest that the measured
proper motion is seriously wrong, but the high excess noise shows that the
source is not point like, or that its motion over the few years did not fit
the standard model for a star (or quasar) very well. There could be many
reasons for this, but the available data give no real clue as to the explanation
(Dr.Lennart Lindegren).

Different objects have been found to be superluminal object such as Quasar
3C 273 (D.Falla and .Floyd 2001 [3]) or the microquasar situated GRS1915+105
in our galaxy (R. P. Fender et alt, 1998 [4]).

Spectral observation of all the other high proper motion sources in Table
4.1 reveals that they all are quasars (spectra can be found in the Appendix).
all these objects have error between 3 and 4 ¢ and maybe extending the
maximum o could be considered.

In conclusion, over 3517 usable sources, 3505 were found to be zero proper
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motion Quasars, 9 to have error between 3 and 4 ¢ also being Quasars, one
non zero proper motion star, and one non zero proper motion Quasar which
is mysterious. Which means that after removing the biased quasar and the
star, we have 0.28% of non zero proper motion quasars in our catalog. It is
clear that using zero proper motion to select quasar candidates would not
affect the quasar population, the interest now is to see if this zero proper
motion correction would clean the stellar contamination of our data..

4.2 Selection plots

The second objective of this thesis is to try to use proper motion to re-
duce stellar contamination in quasar selection candidates. Being able to
use proper motion as a selection criteria would be a major improvement to
quasar observation. Even if it is not simple to measure proper motion (only
2 European mission Hipparcos and Gaia measures proper motion), the use of
proper motion gives loads of advantages, especially because it is not reliable
on absorption features and thus is an unbiased selection.

The first thing I did is to try to compare all our Gaia sources within strip
82 (751459 objects) with the known quasar catalog. Figure 4.7 represents
two color diagrams, both in J-Ks to g-r magnitudes, with the only differ-
ence being that zero proper motion simplification as been made on the right
hand side diagram. It is very clear that two distinct population are formed.
The black dots represent Gaia sources and the yellow dots represent quasars
from our quasar catalog, we can see that they remain in one of the two
population, it is possible to imagine that this population could be mainly
composed of quasars.

I have drawn an arbitrary line to try to separate the two population. If we
compare the right and left diagrams it is clearly seen that the upper pop-
ulation is significantly reduced by the proper motion correction when the
quasar population didn’t really change.

Similar process has been made in other bands, such as the J-Ks to W1-
W1 band, in mid infrared. The plot of these bands can be seen in Figure
4.8. In the same way as with g-r, W1-W2 color diagram shows two distinct
population, with again the quasar catalog being almost fully located in one
population. Again we can suppose that the population were the quasar
catalog belongs could be mostly populated by quasars. This time the yellow
dots represent known stars with zero proper motion in the Gaia data, when
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Figure 4.7: Color diagram for J-Ks to G-R band,on the left no proper motion
correction was made, on the right the proper motion as been corrected
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quasars are separated by redshifts. I have in the same way as before drawn an
arbitrary line that could divide the two population between possible quasars
and possible stars.

Last color diagram comparison is with the J-Ks to U-G bands. The
color diagram can be seen in 4.9. This color selection offers a more efficient
separation of population, other color diagrams have been made but they all
presented less efficient discrimination.

These three selection gives us a number of possible quasar candidates
regarding the bands used. These result will be discussed in next section.

4.3 How many quasars could we find

In this section I are going to discuss the numbers of potential quasars that
could be found using proper motion and color magnitudes regarding our
color selections, discussed previously. In the previous section we have de-
rived, from the color diagrams, that one of the two visible populations (the
upper for the W1-W1 bands and lower for the others) could be a good can-
didate for quasar selection, as zero proper motion discrimination apparently
does not affect it very significantly. I separated the populations by an ar-
bitrary line and considered one of the populations being a possible stellar
population and the other a possible Quasar population.

The main interest would be the stellar population being very bumped by
the proper motion cut, when the possible quasar population would not be
very affected. We already could have an idea if this result in last section,
with only the diagrams, but I am going to estimate to what extent the pop-
ulations are affected.

In table 4.2, 4.3 and 4.4 can be found the count of the different populations
for the G-R, W1-W2 and U-G bands respectively, depending on proper mo-
tion, from our Gaia data and our Quasar catalog. First thing that can be
seen is of course that our Quasar catalog data is invariant to the proper
motion simplification, which makes total sense with section 3.1 results. As
said before we are going to look at the proportion of possible stellar and
quasar population for each color magnitude.

In Table 4.2 we can see that the Possible Stellar Population(PSP) reduces

a factor of 20.3 when applying zero proper motion, when the Possible Quasar
Population (PQP) reduces a factor of 1.6. It is clear that the PQP population
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Figure 4.8: Color diagram for J-Ks to W1-W2 band,on the left no proper
motion correction was made, on the right the proper motion as been cor-

rected
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Figure 4.9: Color diagram for J-Ks to U-G band,on the left no proper motion
correction was made, on the right the proper motion as been corrected
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Table 4.2: G-R band populations

Possible Quasar population Possible Stellar population

Gala sources 7437 547059
Gaia sources with zero PM 4712 26953

Known QSO 2540 o7
Known QSO with zero PM 2533 o7

Table 4.3: W1-W2 band populations

Possible Quasar population Possible Stellar population

Gaia sources 5641 548853
Gaia sources with zero PM 4378 27287

Known QSO 2447 150
Known QSO with zero PM 2447 150

in the G-R band is not very sensitive to the proper motion cut, when the
PSP is very much affected. In table 4.3 we have similar results, with a PSP
population being 20.1 times greater without the proper motion cut. The
PQP this time is even less bumped by the proper motion correction, as the
non corrected population is only 1.3 times greater then the corrected one.
Finally for the U-G band, results are again similar, the non corrected PSP
population is 20.1 times more numerous then the corrected population. The
PQP is a factor 1.8 times greater without proper motion correction.
Proportions of populations are detailed in Table 4.5. The PSP is reduced by
95% for every band, which goes in the way of possible use of proper motion
as a stellar cleaner for Quasar detection. In the other hand, the PQP has
less constant correction proportion, going from around 23% to 45%, this
means that the selection of quasar can be more or less efficient regarding
the color magnitude that they were selected with. In the three bands that
we observed, the color band that is less corrected by the zero proper motion
cut is the WISE bands, with only 23.39% of rejected sources.

I used the WISE color magnitude selection to create a quasar candidates

catalogue of 1931 sources (after removing the known quasar from the Gaia
data). This catalog can be found in Table 6.4 and following in the Appendix.
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Table 4.4: U-G band populations

Possible Quasar population Possible Stellar population

Gaia sources 8042 546447
Gaia sources with zero PM 4493 27169

Known QSO 2452 136
Known QSO with zero PM 2452 136

Table 4.5: Population proportion

Band  Proportion of corrected PQP  Proportion of corrected PSP

G-R 36.64% 95.07%
WI1-W2 23.39% 95.03%
U-G 44.13% 95.03%
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Chapter 5

Conclusion

In the first part of the thesis I presented an overall presentation of Quasars,
how they were discovered and observed through the sixty past years, with
the problems and achievements made during that time, that led to the idea
of using proper motion as selection technique for quasar observation. This
first part also presented main features of quasars, in order to understand
quasars and to realize to what extent their observation is essential to under-
stand galaxy and star formation.

In the second part of the thesis I developed a bit the idea of using zero
proper motion as a selection criteria for quasars, and presented the ESA
mission GATA, enabling us to use its very precise astrometric data. Even if
the main mission of Gaia is not oriented to quasar selection, its data is so
complete, it allows us to observe very interesting things in many areas.
The last part of this thesis is divided in 3 different results. My first interest
was to observe if the known quasars of strip 82 verified the zero proper mo-
tion selection idea. This turned out to be very effective except for one object
(SSDSS J022723.99-010623.4). It is not well understood why this object can
have such large proper motion, but as we seen it in section 3.1, some ideas of
answer can be emitted. Re-observing this object could bring some answer.
Expect for this object, the zero proper motion of all the known quasars in
our catalog has been verified.

Then I combined the zero proper motion cut with color magnitudes selec-
tion. This allowed us to observe the possible quasar ans stellar populations
distinction and correcting proper motion allowed me to very efficiently clean
the stellar contamination (especially in the possible stellar population).

In the end, using zero proper motion allowed us to create a large quasar
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candidates catalog without excluding any quasars. The catalog will still
have stellar contamination, but hopefully this selection technique will turn
out to be more efficient than past selections.

The following work to do would be the observation of all our candidates,
to see the numbers of quasars among them and derive an efficiency for this
identification technique. If the observation of this catalog brings positive
results on quasar selection, it could lead to a whole new way of seeing quasars
and would simplify its detection. Observing SSDSS J022723.99-010623.4 is
also some interesting work to do, as the object isn’t really understood and
appears for now as a quasar curiosity.
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Table 6.1: Detailed coordinates of high PM quasars

Name

RA (Deg)

DEC (Deg)

SDSS J002516.704-002221.9
SDSS J010345.56+003746.7
SDSS J013306.18-004523.8
SDSS J013446.47-004652.0
SDSS J014243.53-002754.1
SDSS J022349.72-011347 .4
SDSS J022723.99-010623.4
SDSS J023617.50+002557.6
SDSS J025247.334-005135.1
SDSS J030501.15+003702.9
SDSS J214042.01-004358.7
SDSS J230015.18+010520.0

6.319597862450389
15.939907943508167
23.275753934121894

23.69363431862323
25.681390532041892

35.95720280083486
36.850034928819255

39.07294972343808

43.19722648138482
46.25481657852392

325.1751000331726

345.0632523659348

0.37276820174453335
0.6296448115955494
-0.7566151464446227
-0.7811337049212911
-0.4650584627909053
-1.2298550399823516
-1.1065687711985224
0.432673149404965
0.8597764962657336
0.617492169592441
-0.7329877821774328
1.0889183810881233

Survey: sdss Program: legacy Target: QSO_SKIRT
RA=345.068323, Dec=1.08880, Plate=380, Fiber=457, MID=51792

z=1.64282+0.00029 Class=Q30 BROADLINE

No warnings.
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Figure 6.1: SDSS J002516.704-002221.9 spectra
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fi (107 erg/s/cm®/Ang)
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Survey: sdss Program: soulhern Target: SERENDIP_BLUE
RA=6.31961, Dec=0.37278, Plate=888, Fiber=550, MID=52203
2=1.44510=0.00076 Class=QS0 BROADLINE

No warnings.
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Figure 6.2: SDSS J010345.56+003746.7 spectra

Survey: boss Program: commissioning Target: TEMPLATE_STAR_PHOTO
RA=15.93985, Dec=0.62964, Plate=3735, Fiber=723, MID=55209
cz=—123+/-14 km/s Class=STAR 08/09 (167771)

No warnings.
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Figure 6.3: SDSS J013306.18-004523.8 spectra
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fi (107 erg/s/cm®/Ang)
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Survey: sdss Program: legacy Target: QSO_SKIRT
RA=23.27574, Dec=-0.75680, Plate=400, Fiber=258, MID=51820
2=0.73254=0.00017 Class=QS0 BROADLINE

No warnings.
T T T T T I

Mg
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Figure 6.4: SDSS J013446.47-004652.0 spectra

Survey: sdss Program: legacy Target: QSO_SKIRT STAR_CATY_VAR SERENDIP BLUE
RA=23.88368, Dec=-0.78115, Plate=400, Fiber=93, MID=561820

2=1.34937+0.00043 Class=Q30 BROADLINE

No warnings.
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Figure 6.5: SDSS J014243.53-002754.1 spectra
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Survey: boss Program: boss Target: QSC_KNOWN_MIDZ QSO_BONUS_MAIN
RA=25.68141, Dec=-0.46504, Plate=4232, Fiber=498, MID=55447
2=2.73485+0.00012 Class=QS0 BROADLINE

No warnings.
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Figure 6.6: SDSS J022349.72-011347.4 spectra

Survey: sdss Program: soulhern Target: §SO_CAP SOUTHERN_SURVEY
RA=35.85719, Dec=-1.22984, Plate=704, Fiber=212, MID=52205
2=1.95503+0.00073 Class=Q30 BROADLINE

No warnings.
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Figure 6.7: SDSS J022723.99-010623.4 spectra
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Survey: boss Program: commissioning Target: QSO_BONUS QSO_KNOWN_MIDZ

RA=36.84999, Dec=-1.10651, Plate=3615, Fiber=333, MID=55179
2=2.17812+0.00024 Class=QS0 BROADLINE
No warnings.
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Figure 6.8: SDSS J023617.50+002557.6 spectra

Survey: boss Program: boss Target:
RA=39.07295, Dec=0.43267, Plate=6781, Fiber=772, MID=56274
2=1.50402+0.00027 Class=QS0 BROADLINE

10000

No warnings.
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Figure 6.9: SDSS J025247.334-005135.1 spectra
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Survey: boss Program: boss Target: VARBAL
RA=43.19723, Dec=0.85979, Plate=4242, Fiber=594, MID=55476
2=2.11226+0.00021 Class=QS0 BROADLINE

No warnings.
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Figure 6.10: 2SDSS J030501.154+003702.9 spectra

Survey: sdss Program: soulhern Target: SERENDIP_BLUE
RA=46.25478, Dec=0.61748, Plate=709, Fiber=599, MID=52206
2=1.15387=0.00047 Class=Q30 BROADLINE
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Figure 6.11: SDSS J214042.01-004358.7 spactra
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Appendix

Table 6.2: Non PM objects in Quasar catalog
RA DEC(deg) PM(deg) redshift

345.9470 1.1699 Nan 1.132
341.0128 -1.2053 Nan 2.066
340.8830 -0.2091 Nan 2.033
340.0478 -1.2468 Nan 1.451
339.0738 0.0715 Nan 1.9

338.9312 0.3971 Nan 1.097
338.4862 -0.2954 Nan 0.439
337.8432 1.0717 Nan 3.194
336.9358 0.5807 Nan 1.549
336.8862 0.2991 Nan 0.71

336.5121 0.3080 Nan 1.108
334.2868 0.4547 Nan 1.112
333.25688 0.7285 Nan 1.061
333.0319 -1.0263 Nan 1.95
331.9689 -0.2932 Nan 1.632
331.9361 0.4561 Nan 1.819
331.6549 0.3388 Nan 1.892
331.0070 0.6325 Nan 1.091
330.8848 0.7336 Nan 0.369
330.8752 -0.3698 Nan 1.777
330.7913 -0.0547 Nan 1.115
330.2409 -0.4947 Nan 1.23
329.8541 0.3840 Nan 1.459
329.7839 -1.0345 Nan 2.382
329.3917 -0.2065 Nan 0.863
329.0081 0.7777 Nan 1.208

328.9961 -0.4163 Nan 1.321
327.7199 -0.9640 Nan 1.116
320.6791 -0.4481 Nan 1.971
316.1902 -0.7504 Nan 0.918
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Table 6.3: Non PM objects in quasar catalog part2

RA(Deg) DEC(Deg) PM redshift
315.5539 -0.3290 Nan 1.46
314.8749 -0.0423 Nan  1.928
314.7791 -0.9639 Nan  0.492
48.1935 -0.8401 Nan  1.587
46.2868 1.0779 Nan  0.611
45.9557 1.2016 Nan  0.664
45.9167 1.0992 Nan 3.45
42.7612 0.1001 Nan  1.441
42.1295 -0.8404  Nan 0.884
41.8481 -0.4268 Nan  1.866
41.2382 -1.1360 Nan  3.997
38.3789 0.2019 Nan  0.606
37.7433 -0.5116 Nan  1.417
37.7413 -0.5040  Nan  0.861
36.1712 0.2633 Nan  1.202
35.2124 0.6245 Nan  1.397
34.3260 -0.9177  Nan  1.635
34.0014 0.9847 Nan  0.251
33.7734 0.4576 Nan 2.7
33.2458 -0.0972  Nan  0.813
31.2809 -1.2041 Nan 1.612
26.8660 -0.3082 Nan  0.989
25.7634 -0.7316 Nan  0.527
24.9939 0.7922 Nan 1.75
21.9567 -1.1531 Nan  1.584
10.1961 -0.2863 Nan  0.557
2.9419 1.1152 Nan 2.7
2.7399 1.1698 Nan  3.085
2.1638 -0.8935 Nan  2.619
2.0512 0.2201 Nan  1.051
1.9690 0.3528 Nan 1.271
1.9359 -0.9142 Nan  1.268
1.9047 0.3342 Nan 1.1
1.7913 0.3150 Nan  1.431
1.6916 -0.8111 Nan  1.998
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Table 6.4: Quasar candidates

Gaia ID RA (deg) DEC (deg)
3250472653098034560  57.6941707399152  -1.2320904341115047
3265712227856380416  49.66010632126291  -0.6830768540488867
3265719821358084096  49.87845883592802  -0.5866850285857095
3265960717483800576  48.42829477656297  -0.3781565917608347
3265739715646620800  49.5335297233435  -0.42219758738579266
3265818541182078848  49.905430825324004  -0.4447651437501461
2677296932300277120  332.444719066324  -0.5932088311027534
2677081015704786688 332.53371172108143  -0.9964484039191273
2677317891740715392  332.20737288395725  -0.3933199042061348
2677253535951270912  331.9703783026926  -0.9909181479733812
2677294767637460992  332.36120576078036  -0.6508780743279639
2677095652953595904  332.28436531703227  -0.9330323479487622
2677336347215714944  331.68034414773246  -0.5173598672288827
2677285009471669888  332.2805665337742  -0.8461502724505037
2677066691989136896  332.22449946541735  -1.0483933492181254
2677167739684658432  331.25833684366876  -1.1416836632830332
2677066241017501696  332.21651788659756  -1.1010468639660893
2677324798048227712  331.5004745754868  -0.7378898827951431
2677261954087211264 332.13341995749994  -0.8772568309405928
2677059747026928128 332.16749773712957  -1.1552084803453393
2677079091559667200  332.4277011039615  -1.056862945914612
2677324007774220928  331.4323422751363  -0.8109903769289192
2677210414479765504 330.78565230326126  -1.0516174257779822
2677638914776865664  335.4915757041451 -1.058616842082642
2677530131845159552  334.6454071804817  -1.248178709331976
2677377608966294528  331.6356890210641 -0.31226064240683
2677357474160057472  331.956291298105  -0.4703723609044972
2677590639343874816  335.6124708707405  -1.148641410607606
2677530612881498752  334.69760251619425 -1.2124044514638974
2693157834207550720 326.18931518105484  0.15066414364774025
2693155566465283456  326.39463715680233  0.15912953146318645
2693154570032401152  326.20935426544196  0.10970208326199302
2693182916817255808 326.33811170999877  0.4742553281184029
2693224389020829696  325.8226447735868  0.36974118688896485
2693243389956254976  325.8514922853868  0.5841149648234776
2693438003514227328  325.63837084704664  0.7687752817373428
2693294654685724416  326.9315130782759  0.6744933045206168

20



Appendix

Table 6.5: Quasar candidates

Gaia ID RA (deg) DEC (deg)
2693437247599979392  325.6868842757531 0.7578371931660794
3257684315504789376  57.71819780993358 0.5137045503415988
2693236346209878144  325.9916275831854 0.56378775793 77787
2693211160522253568  326.2794880651659 0.597482449141503
2693232429199667712  326.1412959783052 0.5078195642753882
2693458928595440384  325.44349591293224  0.9577858964374096
2693384780280039552  326.48844418522685 1.193009404738719
2693451442467542528  325.69053862477887  1.0137061660325475
2693453808994394240 325.36834579482786  0.8827656515104625
2693333343751233536  327.227644060721 1.018675477894906
3257754031413671808 57.314216761858304  0.7683315338893448
3257725895085335552  57.20599635963908 0.4301322289268407
3257402084613618304  58.258214722407416  -0.08894420019938284
3257646455369577216  56.87046754916847 0.4124274183247005
3257382190325003520  58.59459655911733  -0.2521126144621037
3257681399224202240 57.742199637307685  0.5198269655674601
3257493584597221504  58.17547375739622 0.2187013493658977
3257532204942678272  56.671894756516494  -0.33249379172534316
3257400366626638848  58.27020201859352  -0.17521268203817136
3257517842572032000  56.93919015216644  -0.3624933122906807
3257671121365199104  57.62495003286072 0.2899224234084556
3257769321497699200 57.909622486900844  0.9556387225199278
3257620475110866816 56.901211161216246  0.12502475274248095
3257485441339244544  58.5185738546012 0.25338411315578957
3257705515463383296  57.83991822628168 0.5724182352912162
3257404661595255552  58.702389198628566  -0.25854576408292596
3257474514942446208  57.97601082262727  0.25711719049192244
3257678444286724992  57.59815653029589  0.37132252137787497
3257659958747482624  57.82500859938869  0.21560888133532896
3257654353812860288  57.70899889857701  0.16014269166573464
3257573711506935936  57.40577895312652  0.09995061984593258
3257514853274771584  56.90610052844052  -0.4785305245547138
3257682395656630784  57.60772271131951  0.45324359694868727
3257667964566506240  57.81756926860657 0.4028034074646193
3257385523219642624  58.57569126656362  -0.2157660492241758
3257415244393468160  58.89189299566013  -0.021297561769269186
3257660199265688832  57.888312709310966  0.23015707336244792
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Table 6.6: Quasar candidates

Gaia ID RA (deg) DEC (deg)
3257554027673469952  57.492874945110586  -0.12006386994869471
3257582301441273088  56.58744064787039  -0.17673671979896632
3257534099025192320 56.787040481232545  -0.29006099837558974
3257588657992935296  56.62110736342301  -0.048895262713073075
3257650956496054656 57.647256699619994  0.030701426564987363
3257451665716142464  58.231564905296 -0.01730773109648775
3257547598105514368  57.38442785596273  -0.1929941151856579
3257627484497584896  57.251990922087884  0.31629772824887337
3257464589274597376  57.86670049841043 0.0706775746818856
3257586081012503808 56.460313623266 -0.15210284484506292
3257520286410416896  57.06443127545228 -0.354175635560295
3257472079697426688 57.917026907790635  0.1755920835414622
3257762758787613184  57.5702534009742 0.8129984637872089
3257442457306153984  58.17225174004116  -0.15394594771641634
2629974265373971456  337.7986511054769  -0.8650823979335404
2629813805395888128  338.23110242199914  -0.7729902752914625
2629788237455372416  338.29528355086313  -1.0489122616487137
2629958902275521664 336.72415350385614  -0.7075628561696251
2629940008714458752  336.92845594381924  -0.9237804639810739
2629747830402624128  338.4953408562994  -1.0001158963043082
2629890045359765504  337.09238882416156  -0.9954315443635053
2629927909792036480  336.7975803671861  -1.1028873461968278
2629749548389545344  338.499275340419 -0.9780562084471268
2629927222597264512  336.8406377860076  -1.1104921287267318
2629888945848129536  337.1316040817629  -1.0242770858065853
2629920801620658560  336.495385695465 -1.0670184591972647
2629804493906783104 337.96731695392873  -0.9811124130243776
2629784633977937152  337.8203321716754  -0.9759377011008882
2629932479637279360  336.7371431174987  -1.0089510751650321
2677783225678045568  333.93140324198873  -1.014685788699409
2677757563248325248  333.7804409865978  -1.1519946403306858
2677859469936829440  335.2553498725604  -0.6206476295052059
2677793190001794944  334.22634786379564  -0.8143467942907185
2677787937257030144  334.1405303103531 -0.914343919910592
2677938291177402624 334.65621665518415  -0.2921491300288876
2677834627846100352  334.43252042095344  -0.9168430347733549
2677785665219494912  333.99231610358953  -0.9226859476560131
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Table 6.7: Quasar candidates

Gaia ID RA (deg) DEC (deg)
2677853834940369664 334.94909354953415  -0.6969626068513757
2677830916994350848  334.47656763954905  -0.9866343958436301
2677977461278522496  335.8799841840243  -0.8556801511721186
2677863730544406784  335.26158415322686  -0.5123559742802237
2677901182659377664 334.19364983983206  -0.6549317571595392
2677825144558770432  334.9470103646349  -0.8590431560350408
2677843595738309888  334.6316172814204  -0.7635993285016227
2677956020802150400 336.19552583339737  -1.046005429460037
2677994847306622208 336.47384588374376  -0.7152814563462047
2677885377179695616 334.46268763539666  -0.7679438587728219
2630048134516113536  337.3494731990049  -0.5177081813669623
2629998798227310208  337.8463573616325  -0.7602520765377649
2630085964588096256  337.25697129319764  -0.38707021512846496
2630023399799986816  337.82645566237295  -0.5559482670058011
2630013023159007616  338.0853276940435 -0.505039987571174
2630050814575650176  336.921671152123 -0.6677627188949888
2630025736262202496  337.942433903423  -0.46264327374015346
2630067998740407552  337.55253834172385  -0.5002790656674634
2678328102408940288 334.75783968296764 0.007218729131224712
2678228871484862208 336.92357634759327  0.4773851024005339
2678332294297068160 335.00546853227894  0.06367510648657322
2678254160251546880  335.2106414552203  -0.30770036403183715
2678265086648473856  335.49086475205877  -0.09796911299049992
2678346794106765184  335.4040189159966  0.19558084101661966
2678091569970284672  336.0973342278811  -0.11898181863898909
2678341232124018048  335.374452748166 0.07497057930231311
2678320989943140992  335.23933979662644  0.058307874763812294
2678196264092996992 336.27881675003846  0.14626904396092563
2678071091565479552  336.3091740794492  -0.2720843695979742
2678057313310646528  335.77941559552926  -0.3551517392280297
2678076967080987776  335.92552884782157  -0.3774807227001092
2678128476624084480 336.83565786020773 -0.033119118816457495
2678026801862842112  335.7954157114226  -0.7468018989977859
2678057141511948800 335.77587356146614  -0.37953004203035723
2678096242893938560 336.85948456306187  -0.4821519762876065
2678351020354611584  335.6443757213954 0.2361715898921401
2678054770689978368  335.7143344937671 -0.4528558462623769
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Table 6.8: Quasar candidates

Gaia ID RA (deg) DEC (deg)
2678085316497888256  336.10421168519576  -0.24992679052664774
2678166302400572032  336.521640515116  -0.20859377274975152
2678306112176005376  335.0096238630345  -0.21569824772415674
2678241756385967744  335.4496993405824  -0.36828735922813594
2678327041552029952  334.7493925100796  -0.047730198618795176
2678254503848918656  335.29044872171386  -0.32970771367612217
2693505657839623040  325.1660357697301 0.9622547954754649
3269786365113678976  56.82031952880941 1.0484049642944882
3269640473664663936  56.302588039377056  0.37939718204280004
3269666140389242880  56.42731656881228  0.46652962011869953
3269740254345037952  56.1069655480709 0.9146564078952042
3269631437053119616  56.082631452197454  0.2140912455394997
3269740597942424448  56.1399798036354 0.9234354564785893
3269711220365698048  55.86050035512852 0.6542413570720276
3269791278556062464  57.28296106220079 1.0249662978718646
3269736028097243008 56.416594713923736  0.9965978990247876
3269730702337765504  56.536066701771844  0.8897416359498836
3269719397983766528  56.24419257203247 0.6645977896566065
3269776194631072128 56.719231178184216  0.8486330522936363
3269760457870894080  56.826708534385965  0.7850536203498905
3269649613354958080  56.55543009542598 0.3430047931359697
3269615184897192064 56.255689171432046  0.11082227099224826
3269757163633037056  57.061355785319485  0.7453617064687552
3269697510830066688  56.014507547586675  0.5741595920545592
3269754311774765824  56.97316602349535 0.640345966204096
3269650201766843264  56.62090920378158 0.3937846978255458
3269616387487922944  56.36833279940586 0.1475418003124643
3269748431962813312  56.38448007228893 1.0594046297034871
2678498389272140416  335.923593687157 0.7754237425485851
2678369643332889856  335.4316533152166 0.4156211194449788
2678610509393753600 332.75050469066997  -0.5806747214687417
2678482583792898176  336.10941334007845  0.7143047339069568
2678386032927925760  336.2727055701247  0.28235491177851363
2678472516389107584  335.77949161101446  0.6522152729197821
2678483752024016768  336.2108630034661 0.7406842431247744
2678394382343860224  335.91337456178024  0.23145779851510948
2678378989181540224  336.1843260083602 0.1646483695199019
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Table 6.9: Quasar candidates

Gaia ID RA (deg) DEC (deg)
2678492376318419584  336.4194220257778  0.8904451041788942
2530712279763333376  11.83025931556429 -1.02832687017136
2678671497929119232  334.08441668499586 -0.27566305996832013
2678812544655286272  332.6314753063614  -0.2543337287969856
2678896794733816064  332.3043582687427  0.12989183578142796
2678755984230896512  333.7136282603955  0.12364028431030182
2678919742744017920 332.68246579502664  0.3762424034981405
2678917822893573120 332.66169395023155  0.3190796379910367
2678748115850716032  333.5229268774554  0.010837651485586524
2678874289104754944  332.14285851245364 -0.08264234247170095
2678786014642344704 333.73488987187983  0.3333729259075428
2678728599518979840  333.5793556905425  -0.1960942089606852
2678821267733527040  332.2933083397439  -0.2670775193855623
2678851165001080064 332.78476913057347 -0.05069570701186872
2678899333059625728  332.15736554213765  0.14158262214257325
2678664316743803520 333.94074848519006  -0.4015927145414632
2679212900031934592  334.67638879477266  1.0333211275602001
2679136930650219520 334.80054344361486  0.6036063358515631
2678987259629735552  333.78967738964855  0.6106862565642664
2679081302233692288  334.7558816983879 0.1029604437354143
2679196441717224448  334.988451082274 0.9226297280854339
2679028873567981696  332.87386998612607  0.5700861834085242
2679134869065923200 334.99256739773574  0.6192295926900636
2679025987349943296  333.09099254455407  0.7236272297062871
2678997327033296384  333.3623265914231 0.6461150831307375
2679224754140909568  335.36964242190913  0.7488210083455217
6917155262407199744  316.13148253269577  -1.2499136314409935
6917229616881392896 315.89706211945247  -0.785513865034135
6917106196701022976 314.94348483826957  -1.2519345871692762
6917191099615444224  315.51270540832087  -1.1996278248542152
6917233362093970304  315.5762496856914  -0.9007008566628417
6917161722038026240 315.86580113034825  -1.2195920463438987
6917155949602523136  316.19866559095965  -1.1905461605364527
6917241986387243392  315.8218017946711  -0.7309834035585373
6917243154618290560 315.61239307051613  -0.8169679345011887
6917243154618294272  315.60552159095096  -0.8116447585578094
6917237828859995392  315.5164144431667  -0.8119890243714054
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Table 6.10: Quasar candidates

Gaia ID RA (deg) DEC (deg)
2679364254678685056  334.07656997784727  0.7757751031690316
2679388753172565120 333.98330859093033  1.0241867489884764
2679257602050878976  335.87321265430137  1.0407361513393913
2679303506661773696 335.10245387899226  1.1586867872549174
2679402290909137664 334.34356531492654  1.076761520540457
2679387310063172480 334.01639887499203  0.9498536893562253
6917343519414281600  313.7083069894296  -1.1218423298614808
6917349674102341376  313.910385205997  -1.0341051789866618
6917418183126134144  315.0534460515798  -0.7461736890748784
6917442028784724736  315.2155997075116  -0.6677709639978509
6917413475841862528 314.87696302999086  -0.8044259512628096
6917353758617076224 314.34050043459223  -1.136893443809038
6917305350040737792  314.41981189477576  -1.2081819689925726
6917353999135273600 314.30782481164465 -1.1217956992864215
6917449106891072512 315.09711613344615  -0.5280635941508667
3266218518600967168  49.0350843898857 0.8019758174011876
3266258135379094784  46.14149654336934  -0.9013087546465013
3266160725521307520  49.65955437944216  0.7951587697140312
2680010767516450432  328.17657134297406  -1.088363272068184
2679883842642864256 329.35636633982165  -1.075678916121555
2679985203870603392  328.68849308123464  -1.149698503099247
2680099037684331648  329.06149139103366  -0.6179428062149327
2679882605692289536  329.47266770071786 -1.0670153107425486
2680132023033248512  329.3188561684416  -0.40252778507415304
2680052793771403520  328.0623749020612  -0.8644309642995595
2679897071141629696  329.9563743588013  -1.0128925372237116
2680465037617603584  331.28859850831594  0.28702677064574406
2680247540473592576  330.8506674664801  -0.6522580048643133
2680261250009241856  330.70736509140033  -0.5781749590317977
2680412913894393216  331.3716705373688  0.15901083843383826
2680269771223642752  330.89735873588535  -0.4459526086876123
2680161778566074240  328.7384850330927  -0.5031115004430147
2680216719788154368 330.78595570400427  -0.8762671537819898
2680344400575746560  330.4415432993598  -0.09175329763313035
2680377763881534848  331.039669815761 -0.1377110601322528
2680160713414203776  328.5363049548344  -0.46230979625422114
2680364844619757696  331.02244354594495  -0.3398857753914259

o6



Appendix

Table 6.11: Quasar candidates

Gaia ID

RA (deg)

DEC (deg)

2680500943543478912
2680682569121112320
2680484931906216576
2680725896750798208
2680549871811433344
2680735964154626304
2530853700151652224
2680476651209222528
2680642540025805568
2680763623744141824
2680541728553167744
2680593233801194752
2680660578888522368
2680475620417056384
2680605809465627776
2680508060304788992
2680644154933540480
2680495136747609344
2680654875171900672
2680881722459768448
2680996101733616640
2680933876246920832
2680996071668875904
2680773111326572800
2680827945174185472
2680843613214212736
2680899482148730880
2680948616574723328
3257896040212344192
3258013344359344256
3257910643101501568
3257870682725342464
3258146007309170176
3258135531885687040
2681225766520324736
2681060148285661056
2681202058300743296

329.8204825192645
330.774290130705
331.18863173720143
330.21236730957685
330.1286838195155
330.55559903334176
10.55702062281647
330.92191594702416
330.66237230152393
330.34553659466894
330.0724050602191
329.69532236977005
330.5056567982346
330.99434640875785
329.89657612747243
329.67253885586877
330.6725681840008
329.95893234477273
330.435485251295
327.6785474576142
328.1535965859431
328.17453741351585
328.20531685891535
327.60136071198673
327.85163937546844
327.1660716346835
327.4863877077202
328.6512181206791
58.677263809923936
59.59289276461634
59.14266119974236
58.91021095909287
58.15759246252065
58.670397491511885
328.0644472764358
327.21134600545696
327.8614725110599

-0.27241922685095254

0.5816311511288919
0.5282916193654273
0.6784180535170691
0.13887101582868222
0.7451080078391144
-1.0252057456833463
0.3783127352691683
0.3360525255610586
1.0135475001646779

-0.026117951854349203

0.07890491564930756
0.5137446250300305
0.34878564200925133
0.29903596127439896
-0.2521568810843039
0.4149220933169054
-0.4202224203707073
0.38690719536525414
-0.3206662027357277
0.10178257144428814

-0.21907666507568313

0.12300784328817517
-1.0190892850169684
-0.5231858971025204
-0.7619520920674894
-0.1810930743526457
0.17050128816737745
0.8176647050266693
1.1683494645061057
0.8867311015233984
0.4763856102141075
1.0230619419434492
1.2457112952392384
0.3632449840802367

-0.36022630652607995

0.27703820931836903
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Table 6.12: Quasar candidates

Gaia ID RA (deg) DEC (deg)
2681204154244803328  327.7894051394364  0.32928798786068514
2681062244229464064  327.232026532455  -0.24795671885357076
2681174428775896448  326.7574572884853  0.2787017559306876
2681068394622568576  326.77031637288866  -0.366285206995951
2681214732748238336  327.52266997587884  0.36836147081004317
2681117116732229376  327.18150699620617  0.18181917656157032
2681283314786181504  327.0844982399555  0.6175449214347055
2681369660808982912  329.5016114772215  0.4567321291815063
2681358463829449088  328.9785228336158  0.3738731120474024
2681439789035340032  329.09598180726164  0.737830866661377
2681343822285851776  329.14589220638214  0.23590804815039143
2681326646712355456  327.5616352648863  1.0154124680215326
2681323313817731456  327.5874617236437  0.9728194950009962
2681483563341270784  329.9853449477445  0.8946424078814165
2681483632060923264  330.0144198169035  0.8923113389936984
2681413057158821376  329.0174310117839  0.6284418004511644
2681465661918480384  329.1686556012284  1.0422814714746906
2681502839154883200 329.74730678885635  1.0298720484431734
2681549293521231360  329.4571716812078  1.1279677663906684
2681417214686639488  328.9006573241948 0.663566577418087
2681637293106324224  328.24147907945536  0.9935776381818161
2681673881932223744  328.7225309322829  1.2388011761744984
2681655744285359872  328.7184040972829 1.157867542877886
2681965355592766464  331.4774136706881  0.37225688690429165
2681903542423790464 332.00033170363616  0.20288229956855167
2682094273331341568  332.80225221839027  1.2506123776272897
2681999646612174976  331.8699373344281  0.6621131952662407
2681958689804089472  332.2904148615266  0.7522324218870989
2681962847332453760  332.1886606559979 0.795099102696125
2681935978016898688  332.25828226587834  0.5039943948336053
2681935226397615104 332.13455910593376  0.4975041990384974
2681907425074243584  331.9974910591518  0.28960345656256636
2682092658423622912  332.6144328330726 1.181197311187977
2682000746124013440  331.8324013291629  0.6992536753648597
2681902236753745792  331.8684088322844  0.2720101716858288
3266776486392533632  46.68354632323238  0.9508057625287896
3266853628300380928  48.05935463621202  0.5430750492773657
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Table 6.13: Quasar candidates

Gaia ID

RA (deg)

DEC (deg)

3266841254499403264
3266854895318989440
2682252121969478912
2682272325495779200
2682200891599527808
2682199517209971712
2682225527531694464
2682222400796223232
3269948921035717120
3269936040430120832
3269930474152476800
3269906697213528960
3269798429678839680
3269812341075933696
3269965688588224256
3269949612526695296
2638800865548760448
2638805607192249728
2638786434458592896
2638734413814316288
2638791622779123200
2651768574406438272
2652014109096325504
2651957106290635648
2651871791060231808
2651961366898080000
2652041356368906752
2652022595952036096
2651833308153151232
2651888592972461952
2651809737372621824
2651903509393744768
2651823687426612480
2652007168429144064
2652087364058821888
2651932367278976256
2651860319202629760

48.17058802373893
48.055715441155655
330.82265290096376

330.8234240011016

330.998888178324

330.9814711567841

331.62421358371483
331.737520050846

55.70404672188909

55.80738941650367
55.883560828766875

55.82338981290274

57.45536283977116
56.998530796181015

55.19834519576403
55.698851830972615

349.4156296373311
349.74399869705246

349.1813612981511
350.11353116466506

349.0594128339723
345.18829722854105
344.21769965356333

344.8306578161177

343.2354651517686
345.06538301458363
344.34253341553176
344.57764928233814

343.8986388261423

343.897945436848

343.8770456641761

343.5716708593015
344.44559844484917

344.0831701574723

345.9921087529774

344.6943930648532
343.62327582569094

0.5236952293651876
0.5984574916622771
1.068245096028638
1.2591460349464023
0.9838985647554807
0.9213017470315713
1.2561263190111258
1.1787059769723802
1.1248711887499359
1.0602508655121852
0.9485837202884474
0.8908676011172288
1.0966900194513847
1.1695630497987732
0.9599715663187939
1.1591499963362328
-0.95540711201732
-0.8471222291984908
-1.0873223693706016
-1.1732757427133007
-1.0026746234187232
0.3989871305369828
0.6682073678623105
0.4681895448750468
0.08895011050705379
0.5220261406552777
0.8425643522584989
0.6439369542980932
-0.032452765644601374
0.2204008517554329
-0.05379919631204169
0.26703179756659245
0.022622652661421726
0.5854139342752831
0.46994583827859043
0.3477252744394716
0.020612928307432485
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Table 6.14: Quasar candidates

Gaia ID RA (deg) DEC (deg)

2652023558024388864 344.48702841459425  0.6855044679123883
2651781321868723200 343.69172113157066  -0.46754553594125703
2652054962825344512  344.4362873667962 1.1011924764767644
2651755380266868096  345.27652336977684  0.3234982204119648
2651822587914786560 344.48748515821904 -0.01636853927001679
2651725796531792128  344.82568408255753  -0.019995860592245927
2651748302160854656  345.2034534845954  0.19832807711880268
2652039397864222848  344.692416223119 1.006379465188681
2651806576276475264 343.74644659063523  -0.20112356645950302
2638981838290842368 348.83367664190393  -0.9617005129710765
2639075228059831552  348.78655036084393  -0.5056512238185397
2639082959000843008  348.7533962821532  -0.30868252664127704
2638972045765589632  348.7849519749217 -1.052613389598542
2638957756409472896  347.8637813714727  -0.8653568212459719
2638925801852777728  347.67069937764444  -1.1397504080830296
2638894736353562752  348.3447883531952  -1.0521625375296073
2639038291341117824  349.0350465576071  -0.3693977637704836
2449603192473216896  0.9476970443972186  -1.0503980940736797
2449535950465136512  359.99443703210835  -1.2070515813757485
2449599241103280640 1.0672807193880238  -1.0929692913930016
2652378837718984448  345.5466330209623 1.0211584638150244
2652426975712777728  344.6978637254995 1.0888990157296905
2652128458305543808  345.6206574337801 0.3803153076576623
2652254318027401984  346.8412928425919 1.1883588282608253
2652419141692455936  345.05065486480436  1.1168686265732062
2652167181730852224  345.85335798603234  0.6853220211095578
2652205595918219520  346.66956003861435  0.8434246895040887
2652220714203116416  346.43560808068025  0.8940112389202866
2652228479504068992  346.7056524010621 1.066938541997554
2652286203864532224  346.0951698861677 1.0754530083353975
2652415121603011712  344.7849736993243 1.0531102303815219
2652197555739967232  345.9541120499884 1.1488216325505574
2652422199709281408  345.14246242279955  1.2520840233080883
2652245521934137344  347.1823099200553 1.1859350020541273
5187932640841638016  44.495612957192954  -1.0559855793167578
2652887705444774016  340.8524791120486 -0.891876787416079
2652819329565207040  341.075389060071 -1.2034522683623134
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Table 6.15: Quasar candidates

Gaia ID RA (deg) DEC (deg)
2652865131096629632  340.6935239109991  -0.964927902934665
2652880455539461632  341.1655360277929  -0.8879777232311513
4226267026359589888  310.2145081631438  -1.0940526568022861
4226321761422983808 310.19038082367655 -0.9744236552555616
4226318531605913088  310.38898238831416 -1.0189434459566569
4226273077968310400 342.16944435121763 -0.5510047510856279
2653233364412902784  340.1448818997842  -1.0211961184342442
2653060019532099200 340.52945244708127  -0.663436812423842
2653096135912526336 341.70540194081434 -0.8317675019753817
2653205051987853440  339.6076195626441  -0.841087282344545
2653014218001631104  340.2595437205796  -0.9913517556093944
2653076787084549760  342.2182027104477  -0.6710495470121283
2653232093102543360  339.6845980585935  -0.616312220228618
2653020471474041984  339.4986018443947  -0.9487108469966383
2653032085065666048  340.0720100938432  -0.8251789162216341
2652950171448685312  339.217480363599  -1.2452038519062003
2652980167500656512  340.2665709012605  -1.2488112667005775
2653069983856274944  340.11729939452715  -0.837646378500003
2653123481969011328  340.32394098137996 -0.6369888559172674
2653046035119097728  339.2706287804448  -1.0385124751594588
2653000096149076224  340.3993760904277  -1.097606577259965
2653045004326942208  339.9615288752381  -1.0642734944413004
2653140799277229440  340.2429578530399  -0.5107560701732019
2653063077548842496  339.8935828765196  -0.8943799609492228
2653117297216032256  340.3038974215021  -0.7853204882056074
2653044115268701824  341.58112304916256 -1.1043369719428382
2653207869486397952  309.22424814987954  -0.8487076388300201
4226511843790151168  309.33520657007824  -0.865578372842372
4226393916873161472  309.3486479527566 -1.1810147702528115
4226393641995196160 309.14927342688395 -1.205132870702086
4226411577778992896  355.08263577647404 -1.0208853932282187
2641051565850681216  355.71641079181063  -0.985658726098648
2640987038261721216  355.0115324902112  -1.1428773051045082
2641065241026583424  355.098624803536  -0.8783692491772858
2641059193712627840  355.0785643583899  -0.8908335311305602
2641044625183443584  355.23768425558467 -1.1742551013670257
2641000060602816256  355.2375667814519  -1.1052239805337856

61



Appendix

Table 6.16: Quasar candidates

Gaia ID RA (deg) DEC (deg)
4226523350006051200 309.77179614538846  -0.8347192926510307
4226595505457074688  309.47888050592707  -0.4726716998232186
4226575164493552000 309.21944031179424 -0.479260902102351
4226615812064218752  309.163013111887 -0.29775126216758097
2653633311766883072  341.6583218354377 0.3913973675072525
2653322527934117504  341.7548192314588  -0.07625923006900663
2653523120086301952  341.0826009173674  0.0018278359755766209
2653437117661350272  342.3823890389734  0.19983771856160493
2653517588168216704  341.2004107611298  -0.10543565137915513
2653292845414338688  341.8024547559791  -0.41368322442000055
2653329949636750720 342.34954765242634  -0.4238331179241462
2653309643031701760 341.57550624897823 -0.324033440388633
2653311807695223296  341.4195873244345 -0.3122608340805145
2653299438189880064 341.88949157176756  -0.3358686991994581
2653383035433007488  342.4837032696775  0.038378612246174296
2653559232171344512  340.47660351175523  0.017268338154420516
2653339368500414592  342.60039163905634  -0.2686429517917286
2653416952789660032  341.8758167231686  0.0017952826671709398
2653520921063053440 341.24768101587136  0.009298734732521642
2653333046308553472  342.5797932954982  -0.40577683287483374
2653532470229762432  341.3027305358435 0.20032876732883811
2653397810120188544  342.0955500274985 -0.1635805783432721
2653469763707760768  340.981448315612 -0.454053908961916
2653417738768726528 341.76251840880565  0.007360041384853594
2653419800353098752  341.82629568202515  0.07204956853866025
2641264149552091136 354.70826492837006  -0.6414482836861477
2641140007817426432  353.870620783615 -1.1109554588174413
2641209929885115904 353.48231416476887  -0.8461486571655624
2641301945263989248  354.3008957873304 -0.6426358215050381
2641149903421610624  354.0006613327996 -0.9258749617752445
2641284249999087232  354.82446328537634 -0.495431309299313
2641114478531703808 353.69111361726436 -1.245682043119759
2641291843500860544  354.051650272107 -0.7998635775263709
2641131486603798272  354.1485163033222 -1.1260406858720076
2641335583448245120 354.61549175513704  -0.3668059424896282
2641326100160093952  354.3692533535731 -0.5690346980605392
2641175089110290560 353.16360267619416  -1.1238826681791412
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Table 6.17: Quasar candidates

Gaia ID RA (deg) DEC (deg)
2641279508355173120  354.4846060972933  -0.5530579400943787
1729383081544548352  315.0263675007944  0.060414798183528635
1729450632791049600 315.36646897849425  0.7777328252340957
1729431391336322944  315.49488466542937  0.5991653726347922
1729398543427013248  315.18268775763886  0.3687549447711873
1729440084351001728  315.1276817008545  0.5835127696421979
2653677120433305728  341.31279253110506  0.37476638589287903
2653997628073372288  339.55246570775586  0.1545400762338782
2653901489524834560  339.6347091187202  -0.28489765800698946
2653963199615085696  339.1276207623577  -0.12079413347847356
2653868366737931776 339.0615715024 -0.21166528902991963
2653761576670775168  339.0837776448802  -0.8603391605973756
2653694884418119424  341.13129458680436  0.5405700770823205
2653706016973493760  341.4362294947393 0.7644568404055279
2653835518827104256  338.31255299979523  -0.6540035692283401
2653815693258970240 339.18140072651005  -0.3690313018743085
2653686191404312832  341.54954813892186  0.5424577553949521
2653828372001772928  338.8348152266949  -0.5852145546324097
2653687501369671168  341.6906371897928 0.6081844282003408
2653723471721056256  341.92355107869315  0.9159667807939389
2653838061447775488  338.4997141705512  -0.5543879022013345
2653709109349963008  341.36669220795 0.7996369901294978
2653752643138348800 338.81763983935275  -0.9804662864656275
2653669801809641088  342.2155258964413 0.7363301096222037
2653669256348148352  342.1835726009511 0.7013124631536232
4226870142845526144  312.4484996344526  -1.1084215238937642
4226877775004254720  313.0046878265354  -1.024109976795169
4226882447928756352 312.86461081353224  -0.9687473970291928
4226832454509094272  313.2645005262578 -1.070851217802051
4226862411906364928 312.31145133380204 -1.16336385925132
4226860693919442688 312.42045014511075  -1.172893951924988
4226834752316579328  313.2954399796605 -1.002015335359639
2641567653417319040  358.3251820600325 -1.007265449835491
2641745941803478016 356.03170786021207  -0.9813243864027196
2641865277470200064 357.09749120781476  -0.6133887976983052
2641795149244248960  357.5115887993107  -0.8924909781242145
2641584077372161024  357.8674404264116  -1.1881993960665027
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Table 6.18: Quasar candidates

Gaia ID RA (deg) DEC (deg)
2641603215746375552  357.4654607591926  -1.0937137481810786
2641753226067978368  356.434572932753  -1.0588190487064955
2641804765675194240  357.046288871047  -0.8725633099229843
2641593865601543552  357.4774884291566  -1.1652401907685304
2641693955519033984  357.08861662098593  -1.1142172267758874
2641851013883472000  357.4546359775709  -0.44377970094741137
2641634036431796224  357.92263200030055 -0.8576932915316963
2641877642680392576  356.5905112421539  -0.5468603496435946
2641850227904866944  357.4823393481823  -0.45283196220522715
2641706599902756480  356.9556291306318  -1.0809032524549875
2641839748184631424  357.3865399340344  -0.6127308212764838
4226908630049197056  312.84365793370006 -0.7053622316855092
4226991913759549696 311.41532494524773  -1.1994935564366513
4227015037862431616 311.12806142548794  -0.9343601645689364
4226957004265328640  312.0520149276064 -1.2172640943764
4227021364350272128  311.40234948427263  -1.02998895762699
4227036925015854208  311.4123425289502  -0.8543462088887885
4227041666662570880  311.4873345461348  -0.888698998080231
4226972466147742208  311.7753166888441 -1.141756573964272
4226907667976504064 312.90658246533303  -0.7168658948148723
4226909381667136256  312.90151064462617  -0.641784128152995
4227011808049027072  311.0678766493159  -1.0368491955436168
1729545396948820736  315.43482295712363  0.8721435680620043
1729606797801633024 315.45746911720016  1.1675718062365277
1729599925853862016  315.2583336113057  1.1052306056242789
2654184270172155008  339.14063328878865  0.35556554798258605
2654031992106676736  338.13159482237677  -0.5025295963568577
2654145134430284544  338.50548583746723  0.31660179044120285
2654296935753731968  338.60044447091695  0.8742094948000937
2654011857299745664  339.4504475244109  0.26667431001432457
2654257731292172160 338.31371109461423  0.5245762060241889
2654086997752789504  338.3704474681633  0.0178763605482227
2654213785187485440  339.3816424498771  0.5319618008944887
1729524265708981760  315.6923188205877  0.6774022154485199
1729554021244182656  315.6380251335578  1.0229410549403408
1729479494971027200  314.6347919831146  0.6500074826270876
1729568555412316800  316.1787890205064  1.1362948095076661
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Table 6.19: Quasar candidates

Gaia ID RA (deg) DEC (deg)
1729519798944756096 314.86495152907764  1.0344865892708077
1729509353584175872  314.9214852785446 0.9229438092768297
1729544709754083328  315.5996327999578 0.9198138311613072
1729490146490021504  315.11548356081323  0.7024733295016948
1729465235679544192  314.8661140988123 0.6185279223566087
1729543129206079488  315.57732373345726  0.8542444833562424
2642122284017588736  359.3994584490711  -0.025492187725204216
2642037312385006464  358.62647247565917  -0.35390118703261336
2642121012707274496  359.50261889393283  -0.01875388690164513
2642206499736134400 357.90069720298743  -0.520853936954987
2642227772710666496  357.65946480005533  -0.33983233984714906
2642020652207865856  358.0540179128986  -0.49088685382991776
2642082839037769216  359.0934469490211  -0.39883247982349934
2641943991335207040  358.49658044296456  -0.9455977771497438
2641919802079445632  357.09060564108086  -0.20171469142064025
2641947019288559360  358.3392772992668  -0.9020828003261061
2642067480234706048  359.38664112799546  -0.4793122371647758
2641991201616093696  358.81579694709455  -0.47834573268126956
2641970280831570816  359.1206955774069  -0.6005616348757714
2642107303171624704  359.69032377902437  -0.08323097874569385
2642161316680636544  358.79198616988316  0.11721975539337269
2641966050287545856  358.97164548000325  -0.7225557461215941
2642114106399892480  359.7705533141489  -0.008181195577195806
2642246361329237248  358.1005741033873  -0.16416478194793066
2642257562603973376  358.3503418744616  0.06616397248271784
2642136337150457088  358.89662936072614  -0.2545940701206937
2642026596442602752  358.1247197204251  -0.4506848981975273
2642187808039050240  359.43246851928643  0.4089389749451473
2642085725255832960 359.25635207727964  -0.26938722701152557
2642103867197761792  359.6873265699343  -0.12334485594079393
2641975808453287296  359.06829123177977  -0.5494962053197884
2642267114611198080  358.0605952644025  0.12612537187703224
2642104318170606464  359.7285488485942  -0.10214275561031146
2642057142250132224  358.641413745113 -0.19563294217161478
2642249866022586752  358.39356691708923  -0.1191608398867001
2642048273141266432 358.47757434211763  -0.3556862361371768
2642023710224613248  358.36527522699845  -0.4728669005069689
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Table 6.20: Quasar candidates

Gaia ID RA (deg) DEC (deg)

2641963095350042496  358.9773881079966  -0.7354289758770413
2641974227905313408  359.02170586644866 -0.5800430189671105
4227189654053084416  312.22352278394357 -0.08546972759058451
4227087433830855680  312.5639291339585  -0.7939494352350858
4227096401722718592  312.70628290660665 -0.6335782997640731
4227129799389728128  312.0523182065454  -0.7083937008377039
4227159761081943680  312.2397012351338  -0.4273384268904697
4227146773099810688  311.655678868351  -0.4924407174458357
4227090251329409152  312.4603198695694  -0.7816242848931323
4227097196293101824  312.8524676653734  -0.6244269015049984
4227152476816401664 311.77862313809885  -0.4505836758442767
4227090457487844992  312.44954076289474  -0.774296713532257
4227143680723287936  311.6062866841423  -0.601754782173643
4227095443946457728  312.771349989177  -0.6472938221387698
4227063042711645568 312.40113187821373  -0.8800979220843296
4227079531092409856  312.2676476974973  -0.7642621370721814
3266933652130962944  47.92157179453774  1.0508429139807034
3267154443514465792  46.87433730184623  1.0873448967429888
3267020337455724032  48.34963340794435 1.152997606744258
2654594010051540736  339.66650323252486  0.7524840177453896
2654413243468264704  339.9902878747175  0.8247852965447914
2654401114480509312  339.8504582638368  0.6197926514384454
2654681524305776768  339.2006281033046  1.1900278083592217
2654355832640570240  340.9513129324368  0.5771778005914363
2654498696137403520  341.50066200984594  1.1595967619757848
2654370259436003456  340.5004513335226  0.7098881821587913
2654439356869470464  340.1902438768623 0.95106264568275
2654349403074686592  340.6387333163671  0.45282152292501143
2654472136059756288  340.7353393003445  0.8653263862011089
2654338270519450112  340.448794694057 0.4373856056349947
2654325939668122624  340.4472793931077  0.3818573420567825
2654635482255836672  340.1902918148276  1.1308705855395795
2654336415093559680  340.36769284765455 0.38532268517549806
2654593529015201152  339.71453304967724  0.7396849490862109
2654601672273215360  339.89962217032325  0.8589557360416918
2654644999903831168  339.77631403343344  1.1350560191367318
2654350365147372160  340.5726150945561 0.476071605192654
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Table 6.21: Quasar candidates

Gaia ID RA (deg) DEC (deg)

2654672625133549824  339.57624916540783  1.1979859272067919
4227261465906205696  313.9595668237519  -0.31245761231700836
4227240437746081408  314.0604401999084  -0.5999237470105477
4227302010398577792  313.5388855560608  -0.4529140973816712
4227342829766293504  314.478376468949 -0.3214008154204344
4227334892666589824  314.44413348615524  -0.4501947904973323
4227318159475731072  313.46958717619 -0.2717568868018623
4227386054317665280 314.44571083926706 -0.07022968350209302
4227428351156210176  313.7837170858951  0.11575439439381441
4227357226496785536  314.07913129197885  -0.2514541094351537
1729717642317588992  314.4372257692423 1.1052387575164793
4227411136926526464 314.13041362603326 -0.13299230704266835
4227488038316653696  312.9853786954447  -0.23465641134685034
4227440720662147200 314.40858004547493  0.16828936006344333
4227492092765848064 312.75371735833704  -0.3354764615676211
4227371421364226176  314.75142340324203 -0.09575950838174234
4227390967760666496  314.396722509118  0.040204543822992614
1729696171776425984  314.2115455123607  1.0481061391034263
1729671737706166784  314.24641531409344  0.8188049166804047
1729667751976485632  314.4245878978521  0.7863231288547184
1729692082967373184  314.277430634136 1.0084783378002526
1729742381328558464  313.96356956583594  1.1377177332461708
2642653623011626240 356.26141117193964 -0.19069798908328214
2642461930031954560 358.75148041800344  0.807013012505732
2642673345501549312  356.9793038526831  -0.05924517359892751
2642665683279806464 356.91440957877575 -0.17164141518752285
2642573324303085568  355.5884635689467  -0.540004381330948
2642601877246028544  355.96546519955126  -0.39552154562584846
2642541266667460224  355.9006666386586  -0.6653950562767449
2642552433582508416  356.1624763431006  -0.4346734164291331
2642440631290195840  357.9596674816737 0.627941708319568
2642439188181183744 357.96350904043965  0.5760749146893643
2642439600498045440  357.9899752225475  0.6029440386297779
2642390667933790720  359.08868759778204  0.4852456744028975
2642596036090492032  355.82230504369517 -0.46144712114135616
2642473857157293568  358.5003881551347  0.9613539804008379
2642483164349686528 358.50172961742345  1.0231910994546447
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Table 6.22: Quasar candidates

Gaia ID RA (deg) DEC (deg)

2642415789199527424  358.9396446800822 0.8230971028160795
2642559305529750912  355.43965185482307  -0.7779405314128888
2642674616811898368 357.13435276814903 -0.022168041661471228
2642345454814654592  357.8480083614956 0.5212098632520064
2642640153994140544  356.7226689787679  -0.2842149507895216
2558136706805493248  22.053244190522957  0.6293256111554932
2558095754292520448  23.08652578577139 0.6563418952450151
2558092039145449472  23.09984330607908 0.5947866847996915
4227538474117908352  313.3034589673094  0.19411479158461145
4227616024045858176  313.67933786590737  0.12457528195293902
4227615886606899712  313.6526060777869  0.10514435878233176
4227614477857625472  313.63763145080634  0.10057155857582899
4227534316589114752  313.2275201412741  0.014027488942813297
4227602456246175616  312.72772100474714  0.32428662616591164
4227511329923517056  313.3182885025267  -0.1520992520316518
4227566064987372544  312.30516396298526  0.013300995073919578
4227507314130219264  312.8807220907969  -0.06518458730005917
4227539333111242240  313.2147258768703 0.1381940450775603
4227547033987587072  312.647480354535  -0.12810350402091825
4227587337961186176  313.05343203178865  0.19373273028593638
4227560159407885824  312.7053068592199  0.09977154775789275
2643102262411545344  357.714488461332 0.6864589441834272
2642734196598325888  356.51230966506563  0.06134228360401641
2643099925949331200  357.5855160450905 0.6099689130510446
2642747596896427776  356.60233523772763  0.3206005371591831
2642940561186693760  355.676666949394 0.4322380153013299
2643010895571240576  355.3460646705269 0.728545329592994
2643048622564373632  355.8456987265139 1.1248448268059335
2642703444632289280  356.076559941935 -0.1491908511657861
2642830541304721792  355.4325447678104  0.05268268442562059
2642941557619113088  355.63255606894074 0.452600117272013
2643053024906390656  357.33259910407054  0.15817952068487776
2642840196390962688  354.70488937432384  -0.22379335484511934
2643006119567562112  355.416353259192 0.6122983045288306
2643079791142571776  357.2293428684744 0.4275205050880361
2642958050293901824  356.1925394719945 0.5681621002173777
2643078068860032640 357.18754286147094  0.3771761665638553
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Table 6.23: Quasar candidates

Gaia ID

RA (deg)

DEC (deg)

2642820920578019840
2642881977833177600
2643083055317715072
2642974955285258112
2642906854283862784
2642908915868172928
2643058518168884736
2654954516721965824
2654989215766497536
2654914242813688192
2655008324072284800
2654980660188080512
2654916308692851200
2655011863125345536
2655036219884468992
2654942211640901888
2654988288050049152
4227731335328437760
4227661825577408768
4227760128789731200
4227652857685648384
4227744941786083456
4227638220437969280
4227676875143017984
4227740028343389824
4227621040568715264
4227756731470552960
4227635128061499776
422766055426 7176832
4227744254591258752
4227693505257155584
4227661481980152704
4227727006002471808
2643381980745931776
2643180460880195200
2643389265010410112
2643404658173094016

355.6294215999492
355.0705246078153
357.1965948819319
356.24061379930066
354.968696239364
355.1085528244208
357.2164669389392
342.9821534643208
343.45528129113643
343.4628992958984
343.0296620199187
343.23983697319807
343.6183539580347
343.09747152917726
343.5183591745504
343.48050968490594
343.28930674010127
313.7883479240303
314.04922935623466
310.6332893514048
314.0353260489369
313.4497295144053
313.4574946244256
313.9753551549224
313.4893147227422
313.62546235712176
310.84654104644153
313.4804683499488
314.25376763193526
313.3763108268972
313.43272026895636
314.2335583671719
313.5135874000677
356.93182791602004
357.08160004833724
356.62557676995874
356.27630991305494

0.10506113048322625
0.2265532780813094
0.46091940065337594
0.7928185674608619
0.4851725272104973
0.5575111152401695
0.2734956562204389
0.5699978312428148
0.8802832174675707
0.5029519003386963
0.9789251755591576
0.7566725189911632
0.47696239899771364
1.1325534157937787
0.9058208416003443
0.8628059688499843
0.8533067217193118
0.879369328837728
0.5370816511061252
-1.0250294232076702
0.49115309660031464
0.9979138608162379
0.3531392919764381
0.7198530655095762
0.8922766792466151
0.23766372856502208
-1.0644124027610828
0.3295084540922296
0.609973946433928
0.935099330642623
0.5283897229579585
0.6432888319937253
0.8245328368192703
1.2523286018005308
0.9559529342888735
1.1749999061150862
1.0265478237124435
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Table 6.24: Quasar candidates

Gaia ID RA (deg) DEC (deg)
2643367927612515840 356.81363621489544  0.9688424543772665
2643419639019053952  355.9933148234769 1.0804537181797178
2643374662121549312  356.77363686282365  1.1084855467869719
2643195961418914944  357.8667129193351 0.7547991955966623
2643211869977772544  357.76834326608883  0.8968642915062929
2643197164009755904  357.76245572296153  0.7822805378080656
2643232451461186944  358.15871587247716  1.0978822888640558
2655101812625097344  343.27650967935153  1.1018880540122318
2655176338897756544  342.1723352840986 0.8907692391157698
2655068277520680704  344.1463389856421 1.1705624080426509
2655169604388722432  342.65290317363883  0.9694813471003111
2655066112857140864 344.03533540677734  1.0993876358253187
2655204037141906688  342.94684306913086  1.1997518205454731
2655105115455163520  343.2196140087835 1.1415486845580889
2655246364044739840 341.84664721553264 1.163671092620785
4227849635907096064  310.268392989356 -0.5113499493597605
4227887843938250240  310.774615997417  -0.19359752947584238
4227805311845175680 311.36543844154414  -0.5434076315008254
4227768409486874752  310.91251925351236  -0.8624625088938539
4227787994538042496  310.81259135518707  -0.6771685564093287
4227857504287223936  310.42720228431176  -0.4414676976202336
4227887191103192832  310.7419568511396  -0.25107215419428974
4227884820281263232  310.63442685486086 -0.21715607043936636
4227888496772084992  310.8883431159858  -0.18452105116650527
4227888496772085632  310.8775344947646  -0.18328117251503892
4227792667461193344  311.19268308544144  -0.7671941391508728
4227762465255095680 310.77185078053174  -0.9544818292508837
4227788716092588032  310.7191956839094  -0.655270863089376
4227840564937968000  310.645637131651 -0.5289319334673935
4227823041470369664 311.21359296154225 -0.36740830909935573
4227895609236958336  311.55603602028407  -0.5208769606704036
4227892688661383168  310.77579733360403  -0.1396283554652099
4227897606398292608 311.57986407707375 -0.45871839758605754
4227942613360175744  312.0651080254443  0.015731124722823675
4227955979298656000 311.64970720294014  0.09934972633107651
4227913407581566976  311.3257814778342  -0.3686728737882702
4228009511771223680  311.6383306646927  0.17278112523779482
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Table 6.25: Quasar candidates

Gaia 1D

RA (deg)

DEC (deg)

4227953711555651840
4228006694272728192
2643837797034936192
2643805258362407936
2643875970704001408
2643820204848812800
2644062200486720512
2644209504979967360
2644159060588539392
2644004166888445312
2643988876804815360
2644255439654630272
2644150676813137792
2643989804517764352
2644277223728815104
2644150230136543104
2644081270141895552
2644096285347276928
2644096044829106688
2643999116006921088
2643937302837467136
2644021518556361344
2644186105998147456
2644168578236092800
2644024404774389760
2644015368163204096
2644175106586395520
4228057512324526336
4228146783220920064
4228127056435720448
4228041947362762880
4228083969324138112
4228104550807885440
4228036621603232768
4228058817994459520
4228133928383835136
4228099706084462592

311.5644707017069
311.4074465972629
352.0008255584485
352.83253414349815
352.4155101316072
352.5277319895092
351.58735249332585
353.0156957607232
351.4614076037632
350.9333144197689
350.23965791351293
352.7683320387421
351.70755837293245
350.3907087954339
352.545566903378
351.81133923621644
352.1022958835803
351.72068291640284
351.6667266031206
350.4738394231897
351.25231044679936
350.765493916324
353.0776267837011
351.4838752933909
350.69146419483184
350.9537478537939
351.48732303150484
309.9970068921236
309.94569401584937
309.6223835828384
309.9673940022023
310.6906315896309
310.48921391101527
310.1272094350453
309.7741027784609
309.6986764048297
310.50647557549485

0.009509197113526185
0.19434320385090717
-1.1955202132614826
-1.1089837114314824
-0.8218746071874589
-1.0459313072052205
-0.8405339280952346
-0.6912843491163126
-0.3667685409424252
-1.010412351132043
-1.1420405773913136
-0.71031043894781
-0.3959009364100898
-1.1127526855776417
-0.49764776931719773
-0.38054013370336287
-0.6162232721174901
-0.5034909579013677
-0.5115126488501032
-0.9658724076347454
-1.2458493208911685
-0.8801452697398191
-0.9785095754261176
-0.22232493813109994
-0.8519070658452549
-0.8308554889134351
-0.08333541131826103
-0.24671840731467065
0.13175887615233525
-0.0023499894743638085

-0.41308442113713023
0.06609191502572659
0.22609644347139904
-0.5044328597860375
-0.30618775958597577
0.09612880748341
0.1118535956040323
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Appendix

Table 6.26: Quasar candidates

Gaia ID

RA (deg)

DEC (deg)

4228138051552606080
4228148015876852608
4228058302598385792
4228059127232144384
4228142896275541632
2644627525556983040
2644332886504875136
2644479465148951424
2644329691049195264
2644618420226220800
2644366181091489408
2644595360547037824
2644582269486665088
2644537189509277696
2644597834448207360
2644450328091275776
2644518429092927616
2644355701371205888
2644469294666102016
2644346527321053440
2644528496495425152
2644353674146612608
2644632885676111360
2644355185975111296
2644506166961055872
2644667451572979456
2644409822254562304
2644545538925693568
2644901368376147968
2645130169874525952
2644894706882448256
2644758676677637504
2645127455455142272
2645042415102114560
2644840177977556864
2644900612461887360
2644759840613761792

309.6269911792176
310.0915624955379
309.88503825750485
309.7776086324652
310.0756879572204
353.8653858774922
351.9914818405948
353.9156954342082
352.87536896267125
354.0823030829865
352.13921887791525
352.0830551627377
352.1205012992217
352.2796997709197
352.5863302028241
352.44357608197316
354.1115805945056
352.5476170912709
353.74050690601945
351.991465082781
354.0646132404173
352.96634286875644
354.08478683184364
352.6783303053903
353.2826817768389
353.11756087608643
351.7735698914903
350.7546248994405
349.5347558700812
350.97933631902805
350.0667224628989
349.4275310994883
349.18537698948506
349.73860574388823
350.7264216784473
350.0043807690489
349.21557817582413

0.15143052584087222
0.19704743475138417
-0.3051158357055403
-0.286440718746216
0.09467653912392412
-0.22759298037941708
-0.3496941721546719
-0.24794914691744827
0.275463226286115
-0.014780677166409162
0.4722670534601892
0.2389380248389863
-0.09106782149959687
0.5712569644831902
0.2909782556017058
0.3949732546609818
0.07917913684452442
-0.1343434266041583
-0.300052594066719
-0.14775032963048348
-0.21878350287882833
-0.18890576115004892
0.5495451719276239
-0.16966124849109598
-0.027834829416562012
0.8040716216976309
0.009123982379528788
-0.11348472287068595
-0.2643383057766777
0.1976803104093236
-0.25204902011531927
-0.9636392296649908
0.0930915704581602
-0.3539093565697233
-0.4921923181027085
-0.306161146066219
-0.9140333033953105
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Appendix

Table 6.27: Quasar candidates

Gaia ID RA (deg) DEC (deg)
2645151575991590016  349.403561463628 0.387460372449838
2645047947020029312  350.6035727531993  -0.23771784557294548
2644953938775917184  353.12248721285283 -0.12217371412188519
2644733078673256960  351.2444165170439  1.0535427542979692
2644922430895878528  350.0865594226271  -0.05082982849833576
2644864431657494144  349.99458862652676 -0.33626358336104073
2644862232634222592  350.0372741069765  -0.4137224840823642
2644770801370328704  350.6007127649054  -0.7714927658223864
2645010804143667584  349.4984825873221  0.37576386991080357
2645050558360192896  348.94530604562465  -0.1259070399948784
2645108557598575104  349.37059258780386  -0.09935754756321252
2645146147152902784  351.35752364888776  0.2841755335889029
2644944180610858112  352.91567687404114  0.1566556400437997
2644736308488625408  350.2963979297952  1.0741872199479778
2645171195402057216  351.20155285513937  0.22914707628745892
2645398656869583872  350.03135295273296  0.6100347624627219
2645240812526994304 351.54511176366225  0.4956494171039504
2645434047400177280  350.8534140965664  0.9217073872533248
2645585475062556928  351.44462510381896  0.7378973683748463
2645429168317331840  350.1790843681294  0.9363170107081958
2645175769542268544  350.5227283614012 0.315815896880558
2645229297719760512  349.8765936717306  0.7641989883899274
2645260530721385216  349.4215988681423  0.7252534303354126
2645157451506864640  351.3163854513464  0.44892991059431103
2645327463491618432  351.2406696358643  0.37478260469969127
2645373024504692736  351.7495321592154  0.3648143586949357
2645424632832419840  351.4805620639644  1.0006939428362303
2645411816649401600  351.7982398986542  0.6861065905127564
2645537710731081472  351.2305393798711 1.2463789122660367
2645325195750878208 351.35637244127 0.29458572686601864
2645319801269933824  351.0726657251553  0.1935912142002878
2645593923262629504 349.80349482544466  0.8556019216861589
2645231874699479680  350.27046395622904  0.34629904622235663
2645280665528645632  350.60660674853915  0.8834369649597038
2645198683192690048 350.16361944975813  0.41403577082771237
2645168584062142976  349.7116460335033  0.21884853854760922
2645236341465486080  348.3243060997829 0.43128775112578
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Table 6.28: Quasar candidates

Gaia ID

RA (deg)

DEC (deg)

2657215623729445120
2657251667095065216
2657175663354157184
2657160682508158080
2657219300221473408
2657231257410719104
2657185077922476928
2657182226064165888
2657348389758593152
2657503184675421568
2657424397795356928
2657459955829276416
2657347393326210176
2657301351276506752
2558259203567821696
2558205018260451712
2645631341017751808
2645644878755111936
2645601276246961152
2645621823370202112
2645908113005961088
2645673603496355456
2646033006359360640
2645990194125469056
2645627046050872448
2646016857282205184
2645982944220991488
2645915186816841088
2645957518014185088
2645887458507561472
2645610209778975744
2645674737367749248
2645632543609034880
2646148837332331648
2646172953574268928
2646054446836014848
2646170548392576896

348.9005727124001
348.4606669140501
349.24436438548713
349.09163966230005
348.26075291705814
348.72348935107
348.91034962162354
348.82766834854795
349.1825129623592
347.630944621533
347.8415794844921
348.2034487773555
349.3183834614399
349.80139010338627
22.90209213805457
23.04348516464964
351.49129891944114
351.20647422096084
350.6616491868036
351.25862978231413
354.695308591878
350.4424476986456
355.04130422704026
354.27234022015574
351.1916029275335
355.30330578114626
354.5975474613957
354.78943174666364
353.73338969462344
354.17757202301465
350.85674119487965
350.40764489992773
351.3305551714034
353.73229255510364
353.6684218689371
355.55348060279744
353.4973202051359

0.6219217558971373
0.8550465161685957
0.6746622864119068
0.39263710758703174
0.6847354356027724
0.6976373502969867
0.7004405216205428
0.6047021852033534
1.153415898239609
1.2497520312592345
0.8332926674302528
1.1499664037000963
1.1988767539262504
0.9834795942476751
1.046884159002879
0.8781936628497118
1.2336106879800472
1.1997303892704647
0.7991577240057446
1.0279899431803243
0.5375268468268254
1.1455859223947962
0.9388663407560573
0.8341138287459176
1.1560764180362748
0.8558641763115491
0.9262373570322417
0.6420178379581658
0.5665667548636817
0.28150857619844005
0.9576633944428992
1.19137873370091
1.1966218990266888
0.7223427873821049
0.9346304873040803
1.1672023512564689
0.9156119479246247

74



Appendix

Table 6.29: Quasar candidates

Gaia 1D

RA (deg)

DEC (deg)

2646195081245163904
2646154914711606912
2646149657670988544
2646043520439197824
2646428899264694528
2646241917864089856
3267484193923927808
3267679872633354624
3267573769761459840
3267457736924869248
3267666747213589120
3267464235210977152
3267524807134274944
3267715920294646528
3267488664984941184
3267511922232160256
3267458256616466816
3267458905155964160
3267488866848324224
3267665201025349632
3267674138852757888
3267701759787432704
3267595622555146624
3267590537313814528
3267657813681304576
3267584593079126784
3267508005221975552
3267700007440098432
3267543258313593344
3267467117133807744
3267542983435683200
3267424820295901056
3267417402887610240
3267410668378884352
3267454610188652672
3267415027770416256
3267489141725764864

354.12967077532585
353.6667097877194
353.7156263824205

355.55351433527534

355.72327213144223
353.1053607725416
50.78636173438808

50.282844523933214

50.935787454017614
50.09487355953529
49.65611117563453
50.15322286113953
51.11155700893899

49.623360035010236
50.55793002261873

51.533026894328735
50.10411139560084
50.30546185217077

50.501918428622545
49.67163271239537

49.799441355518034
49.95079389307478
50.76338321213168
50.78790761565749
49.95663330080438
01.28368652174765
51.22401293800005

50.168364522882435
51.54033188699109
50.63576060286772
51.56372537417317
50.96987599938141

50.906855297210605
51.11411501110229
50.08078237481148
00.87289465145187

50.348675565783346

1.1743037066098572
0.867162519310055
0.7275453622495451
1.0316038749946108
1.2558846703858355
1.2453890056435248
0.9946595136883931
0.9925795668341856
0.9524408203630116
0.6856294917715058
0.9221550474097445
0.7586142039415309
0.8636643582916999
0.9997973454183491
0.9203996133745022
0.8163222034319572
0.7383414900335638
0.6527533073272171
0.937122147570834
0.8557867955125005
1.0040310627238953
1.2076095011775865
1.2163587909467797
1.0807226425282486
0.922390440440151
1.2037822008563301
0.7570887053165383
1.2387805128935423
1.0462716640288268
0.6136449552125405
1.0281427720748986
0.6879135056439856
0.5987835935131147
0.5939352374684349
0.6007344248822811
0.5245433348853036
0.8422916917911365

5



Appendix

Table 6.30: Quasar candidates

Gaia ID RA (deg) DEC (deg)

3267594213805872768  50.91164895852792 1.215021158956888
3267517076192932608  51.36975601890307  0.9171781100931129
3267482475936969088  50.7942367110876 0.9047994595834224
2674781112257042560 327.32053368738457  -1.055826004967305
2674846743652961920  326.8126570658536  -0.800999773693148
2674851652800021376  327.01126498892086  -0.7317232654221139
2674833235980204544  327.2876675759915  -0.8962020985656953
2702234371414453760  337.2154866064675  0.4945938297246713
2702254471861449728  336.9922133119353  0.6181743906356373
2702252135399204992  336.8893036998504 0.536385606460644
2702319274328021504  337.9756461947065  0.7965533297821192
2702362498879080704  338.55241485393407  1.2356291236456143
2702194033081994240  337.4856041976954  0.5239966324509654
2702381401030324480  338.02052628624483  1.142236420546074
2702394693953926656  337.61628278171474  1.2278587174251907
2702519419804270848  336.4062382624774 1.106574911451644
2702480421500845312  337.2597029215894  1.0699431407902171
2702382393167563904 338.11334765495974  1.185886715043099
2675126702505722368  325.9707844596691  -0.2804013726393827
2675084336948211968  326.03995515168987  -0.5490027014457585
2675005584428352000  326.2190689917339  -0.9442632233478407
2675127011743375616  325.96904611744816 -0.25438402896640067
2675112103912382592  326.41301623408594  -0.4162998389159549
2675085986215581440  325.78050179375913  -0.6944518048223214
2675134570886529920  326.23562870284934 -0.13984202018652425
2675022729937195264 326.03379737768915  -0.843545519906584
2675069562260605312  325.90551426800204  -0.7900297161468764
2675032007067321728  326.1931304716888  -0.6572074504692048
2674963051367345152  325.6138635197437  -1.104751176068129
2675121514185203968  326.0984890865568  -0.3693511732385196
2674963253230847232  325.6025070404098  -1.1019237971536187
2674954903814407296  325.11732406058655  -1.1254440484113455
2674926149008286720  325.8903513732822  -0.9702679411884957
2674921471788300928  326.04428972315486  -1.0204200718127423
2674947104153721856  325.12088406490716  -1.2210708561171624
2674981807489662976  325.35762835718054  -0.9369142851783614
2650045674045072768  343.60932203152794  -1.0784700895006458
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Table 6.31: Quasar candidates

Gaia ID RA (deg) DEC (deg)
2650006984979878912  343.9256728000854 -1.123435341882063
2650010833270127360  344.2803738 788277 -1.0438577109112008
2649996917576064512  344.38942522311675  -1.1589415130688863
2650215651671308544  342.1124352130111 -0.8973772086884306
2650286398372460416  343.1561636257442 -0.5780702171930271
2650219396882808320  342.46677886729276  -0.8543919221499608
2650349143549507968  343.34782301436024  -0.25648076430911054
2650345772000454016  343.32663284396165  -0.2799805645957401
2650247846748953728  343.0441915459223 -0.9231062339051264
2650195860461920384  342.45884458734207  -1.0533586627144664
2650213177770151168  342.35646264835765  -0.8836523859311538
2650287326085405312  343.2960142961315 -0.5578349066758244
2650851551644137088  346.0659130330464 -0.5029306103142858
2650921331977475200  345.8183756209435 -0.20321019509781668
2650627487494646272  346.9375233899677 -0.8563318559668931
2650893569308818688  345.5275684323684 -0.4106940402474997
2650847321101263616 346.19447372287846  -0.5712448367418339
2650754927764738432  344.8702768449744 -0.9563428886266592
2650894840619154176  345.5926584024422 -0.3675097124181764
2650883192667692160 345.34878866160267  -0.6291611334632042
2650870479564468992  345.8454580637762 -0.6725541767953788
2650842618112168576  346.3847224675327 -0.5277010672886066
2650883158307950208  345.34196252650304  -0.6340942329322261
2650706446173774464  345.4527025017778 -1.1696288306147984
2650710023881781248  345.4814694539298 -1.1136225132975606
2650607833724597888  346.26860156093164  -1.0809374568821999
2650785679730230528  345.33529682978536  -0.7282807119435166
2650890923608936448 345.61046922751984  -0.45243548354084023
2650877592030410496  345.7376734421414 -0.5380003784709925
2650994140263279488  347.68037826368254  -0.5308410030870654
2651150958108843776  347.67056269935296  -0.05274673978961884
2651198481922660864 348.01032976436494 0.3250779357171751
2651052139501715456  347.4311329439207 -0.2434644068276638
2651306057967903872  346.0448498704773  -0.0010928951801014858
2651210469176248192  347.9495659950181 0.49500925763768017
2651200367413107968  347.83846044680115 0.3032924030347451
2651081139120277120  348.204290132335 -0.4245341632781005
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Table 6.32: Quasar candidates

Gaia ID

RA (deg)

DEC (deg)

2651288912458348800
2651161266030322688
2651068700895309696
2651026202194379904
2651392580084632192
2651315369457174144
2651396527159148160
2651324032406618368
2651575507035995520
2651407664009732736
2651688069538974592
2651709544375460864
2651630173380272768
2651651854374674560
2651643298799749248
2651378728814374272
2651443153323860864
2651472668339500160
2651538020561808512
2688841426435363072
2688908604019436160
2688836031956406656
2688842147989881088
2688918362185230336
2688848538901679104
2688837543784917632
2688858262706994560
2485832581644635008
2485886977405749376
3251035809209843456
3251222313869274112
3251231556639215488
3251269558509852416
2533672332569284480
2533608668269342848
2533865301155105152
2533656939406067968

346.1844412551885
347.5034596300268
347.28146099625513
346.8085640247669
347.78922362304706
346.1454135809707
347.64635204043185
346.53842214917626
344.35021772214765
347.5006879211514
345.3825296640519
344.95464679501373
344.62760644264614
345.335244116102
345.2403177511801
347.2236474787016
346.8173563157099
347.4036492237525
344.8685225039152
319.0134632901193
318.6269964721861
319.1585414944565
319.0468177566826
318.2039038241693
318.59749894506234
319.13247467488236
318.8422474296549
21.697527588148137
22.73527637398843
54.82982997434607
57.42978970981389
57.130817632296946
56.3185656546503
19.14167216572078
19.550142290745068
21.039157540842563
18.71127662974428

-0.13749346288280093
-0.0878401885349851
-0.13191853435197504
-0.5576267025159389
0.45795490857832816
0.14160981593574415
0.5163275039971532
0.14559573394085767
-0.6203337461831501
0.5355600332256819
-0.12120534079646962
-0.11508810484805695
-0.12068439130497614
-0.21723764029327575
-0.3507174158865789
0.38426510420950616
0.5234391066186234
0.8709578655800149
-0.6375744569162681
-1.1412302800335818
-0.9467373001823641
-1.2417637197754092
-1.0787399628028131
-0.926901486339721
-1.1863884828812123
-1.1798569022060068
-1.0031477816773922
-0.8810122916478998
-0.7667191887325393
-1.2226932797721142
-1.243206884042807
-1.2179727523485409
-1.2104488816230268
-0.9517186380467167
-1.078496236897052
-0.8328163305550382
-1.0214129928442341
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Table 6.33: Quasar candidates

Gaia ID RA (deg) DEC (deg)
2688997488366836224  317.4263319848758 -1.015911886556834
2689027243901046144  316.7705701135687 -1.1789002169423315
2689075248750252160  317.9033399888523 -1.0063057282174754
2688998106842114944  317.3821531952435 -1.02994716973253
2689045969957697280  317.2231521428318 -0.9877602527989284
2689083804325201024  318.0246436431566 -0.868424429761979
2689063390345187968 317.16554330018886  -0.8046865241667903
2689057278607208832  316.95066628999353 -0.886454769112414
2688927325780938752  318.4168736852219 -0.7391743412667641
3263550484916674176  54.574417478842236  -0.2530794577626511
3263644183923239040 55.413307397090655 -0.0035269782022932703
3263563369818375680  55.55190956739196 -0.4917408605019895
3263530728067390592  54.941085184838684  -0.3838341815840232
3263479295835161728  54.910848079070554  -0.6071329414298299
3263744102042335104  54.4069516997658 -0.07703350364027765
3263778186902768000  53.74366390362461  -0.12885823913981692
3263496333968912384  54.47623327198011 -0.753922266740886
3263605052477285760  55.90699342946499  -0.06394947128817643
3263764786605032960  54.52815531314811 0.0760861326636838
3263768188219209856  54.57800384575878 0.19822608354204294
3263622124971568512  55.68148635836828 0.05647610275006307
3263732900767605504  54.212846254309696  -0.11605573679030538
3263576873195628288  55.637720696957224  -0.2468036598112787
3263725101106918272  53.924795923314214  -0.2958176382542859
3263755509475458304  54.28522641500277  -0.10401255694936931
3263734206437659648  54.09788538505569  -0.12462799849262848
3263575498806066688  55.69297590450654 -0.3052704910332793
3263533545565936256  54.84859714198338 -0.3861950315789858
3263535126113915136  54.853090323696335  -0.31376265442082496
3263566393475352960  55.43637829583666 -0.4817822583515287
3263798669602510592  53.62267547108224 0.10304643608384326
3263803784908099072  53.6858114822972 0.1050839922421178
3263729636592407936  54.15047236188519 -0.2310018284936078
3263536844100826112  54.97608249776916 -0.3486020969038374
3263580068651247744  55.39756199812653 -0.3760691419904712
3263467299989889280  55.48365843683806 -0.6184304016207789
3263438128572382592  55.031776519614695  -0.7757178446680271
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Table 6.34: Quasar candidates

Gaia ID RA (deg) DEC (deg)
3263648066573860224  55.43287871302191 0.0654561836703892
3263504859480557568  54.576226693816544  -0.6196389543239899
3263595358734971008  55.610435478337415  -0.0741964053867201
3263484789096734336  55.30195566069673  -0.4978312238148592
3263679024698252544  55.839613014188664  0.2938709877685312
3263750875206508288  54.60932552168417  -0.04834314008164216
3263414626511513472  53.48839847141615  -0.18503478783198798
3263649891934764672 55.011851091362125  -0.1077947950594614
3263498051955837952  54.5027555177398 -0.7128373556106805
3263555093417973888  54.91559794311577  -0.2074656285555824
3263600615774913920  55.945876913833004  -0.1184796548204776
3263757399261094400  54.39121550089563  -0.051296234626809635
3263465723738544384  55.3984898588866 -0.6756340239017837
3263836186141542912  54.16459391230521  0.42649644447862056
3263687648992583424  55.52865006847287  0.29487993772229565
3263411293616542592  53.20163957855307  -0.22092555200578154
3263724345192654848  53.86903935100935  -0.36478611681081313
3263763893251874176  54.31899381632702  0.13420385442476973
3263655213399254016  54.91348664371501  -0.005591296760238475
2689162518190040704  317.3196362257706  -0.6157267186735542
2689145166522059392  317.48764476438856  -0.7490117253329674
2689117644372112000  318.397546620101 -0.6457480371532993
2689107340746299520 318.20414804668616 -0.80656332877384
2689143242376685056 317.46966923758094  -0.7959490745921549
2689235498274428160 318.89364383001185  -0.8730279247430196
2689236288549028608  319.0693650877778  -0.8614859116796028
2689162037155676160  317.4439386312047  -0.6091965994296962
2689127539977436544  318.00408133044596  -0.6097849947249482
2689258828536515584  319.9025583679765  -0.5977242033298471
2689136576588041344  318.2043138196734  -0.4212302342092842
2689136714026995968 318.25613286994906  -0.4174831298791735
2689096994168840576  317.5954676810295  -0.7977045319194561
2689130602289002880  318.0041557403842  -0.5787568144815902
2689111326475999616 318.12453124381216  -0.7709399711456486
2689159425813915392  317.26309841602665  -0.7092496542140414
2689199386194054016  317.588771741509  -0.30887644702408473
2689107920566619520 318.14128630109803  -0.8016843997909716
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Table 6.35: Quasar candidates

Gaia ID RA (deg) DEC (deg)
2689123799060965376  318.3157664621439  -0.4738352682953582
2689181729579763456  317.7852463647356  -0.46421714000918235
2689154997703167488  317.5704490766319  -0.6300789976686819
2689108199739758976  318.1947141323696  -0.7878130779519217
2689192071861026176  317.8861109280891  -0.23845470852990847
2689119156200630272  318.44403838711725  -0.5716105989091265
2689163171025118848 317.41452870838685  -0.5576424497797783
2689414134554876032  320.1089236619605  0.12640202970608422
2689321088383861888  319.2554524181975  -0.44410426632845224
2689343563947428480  319.0594205467857  -0.17678556081213787
2689331155787103744  319.29361099864144  -0.3219014104931518
2689294631385051392  319.11019910378263  -0.5818726459187052
2689480895526767232  319.722302682103  0.28691625562439793
2689376476280877696  319.6884541551796  -0.25833780081888297
2689374311617360000 319.84529474366815 -0.25938353319475194
2689296658608843136  318.8956548087158  -0.6162973193079325
2689363316501009152  320.1074456514185  -0.33000817065746346
2689317652409771520 319.25172462902816  -0.5649854681067225
2689339127245665664  319.149535086451  -0.26000894922136775
2689365962200852736  320.00613349307804  -0.3431520389041885
2689275664808370048 319.57031240706874 -0.45332562276509014
2689387883713992320  320.2810312292879  -0.2776277721056539
2689377781951005312  319.7680139447811  -0.20801407321677082
2689480277051413120  319.64800132173656 0.23669618930442954
2689392144321829248  320.37558486611846 -0.09085428425212809
2689327238776906752  319.43379529641066 -0.36752130079662865
3256519623453140608  58.38340855436497  -0.7405234782588824
3256466675096567936  58.240663881582044  -1.200799199665662
2689580336904429056  318.2861024216502  0.06166922343029819
3256620061264593280 58.588619516302465 -0.5270278134902638
3256477910731034752  57.71396714825934  -1.170625425814149
2689517660445819648  318.3225634397313  -0.2835329378363991
3256510140165311872  58.335926631833594  -0.8822940593069866
3256449220349144832  58.718262849221475  -1.0466412228872435
3256445475137660032  58.547697963845856  -1.0605059510806047
3256583566926479744  59.149155144727914  -0.5920241325776644
3256522303512742144  58.26326451140403  -0.710800875197521
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Table 6.36: Quasar candidates

Gaia ID

RA (deg)

DEC (deg)

3256753926805448064
3256538078928900992
3256490692553734144
3256636446563507712
2689598302752745600
2689631940936792448
2689543464610543616
2689561915790169984
2689586727815711104
2689499621583059840
2689599814581014144
2689551474723303808
2689657779459044224
2689631567274423424
2689587655528653312
2689649395683325440
3262689876550173824
3262664244185310848
3262496332438979072
3262794914269806208
3262764402822391168
3262556148447937408
3262723209791437184
3262754850815294336
3262645861724811776
3262631155757196032
3262714718640560896
3262643800140489216
3262530722241863808
3262734063173574784
3262704170201355776
3262804431917381120
3262531649954804480
3262819103525683328
3262696198741550080
3262494575797084800
3262574840145645824

59.93120429941504
59.170383375664706
58.317932110000115

58.96905668567154

318.1274077203587

318.5211951847995
318.97035129105967
318.82704256913263

317.9474444552205

318.4540618739993
318.55244424139113

318.612621186323

318.9550662523518
318.46664329784227

317.9277170389488

319.3068845842124

49.90446304243348

49.72812436373402

51.48401233421168
50.323499372338055

51.27321999386584
51.432635629542304
50.495465354694005

51.03991114593986
50.253115214629844

50.07260652523274

49.81491565377816
50.122407306495376

50.81318280925315

50.73989925293903

49.69222831259886
50.379498299918545
50.733693675707805

50.2373104652793

50.06443127630024

51.43675881092407

51.37489333155724

-0.6870652632717977
-0.947871332325635
-1.1373419923989136
-0.4178569157364742
0.24091356870915018
0.4593913554511406
0.020988505261675117
0.18757012709315019
0.013909937479302038
-0.41274409001403495
0.07650087198596218
-0.007530927271829476
0.30857930694454816
0.48576327088093774
0.047612913546813754
0.33752704872507494
-0.9723738810785386
-1.0724739624085968
-1.1336247254602108
-0.6667577862585141
-0.5793160080036995
-0.8763155237023552
-1.0104816351989718
-0.7882659410773564
-0.9798897248705972
-1.2386224681192433
-0.7213750441029003
-1.0504064477988124
-1.142159484475978
-0.8112269695571617
-0.9397051973739221
-0.5095739859669438
-1.1358357698608743
-0.4461594002551988
-0.8715344769482127
-1.1745927987608136
-0.6898000319855535
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Table 6.37: Quasar candidates

Gaia ID

RA (deg)

DEC (deg)

3262569823623833344
3262644727853437568
3262631263131077760
3262780689338635776
3262732310826905984
3262803435484953984
3262622668902175360
3262644143737882240
3262729871285479168
3262545084612152320
3262790928540135808
3262640295447158272
3262779795985187968
3262517184504903168
3262662388759405056
3262639780051085952
3262639024136841344
3262755164348126976
3262747880083569536
3262706609742805248
2509594745908196352
2509587702161775488
2509640478719305088
2509759054176774144
2689679323014734464
2689673138261812864
2689678395301784960
2689700900931461120
2689758762730380928
2689767009068288256
2689846002105521280
2689699354743223552
2689701072730156032
2689789171099213696
2689761030473762432
2689835797264675584
3264725622328625920

51.331091168536524
50.27732396420836
50.076287106561836
50.95639451612521
50.69508338514846
50.55026855238919
50.16991114872444
50.89919255901811
51.37217452322848
50.30470089528542
50.343153021322756
51.00867938501107
51.24001297874835
49.77801103821691
00.27847981344489
50.325904050674424
51.11990446705736
50.724180192114446
49.750562714864856
50.998205461045636
26.43803890878576
24.144667961565926
23.672907287000207
319.69303639038037
319.6245906180822
319.72364765059984
319.5424064719549
318.9716502963802
319.23602084899846
316.1072819115536
319.578819287737
319.5177939006213
316.44894883582344
319.09725733199764
316.55310407386446
54.662682550231295
54.31222616054733

-0.7503067846420352
-1.0110750202833656
-1.2242182908950687
-0.49718415232053054
-0.8636099235260745
-1.249449350420867
-1.0243984857181576
-0.8759483678279203
-1.0223334871828136
-0.7624715144176776
-1.1001171832415013
-0.5098626380484191
-1.239602686343948
-1.157954429114014
-1.0926851811082872
-1.0944212960379673
-0.7705031149212757
-0.694247889885003
-0.8530022258374893
-1.1991076401122156
0.8142971515924189
0.6786925653199457
-0.9662938488759264
-0.3159883364870458
0.5136970071805389
0.47511387753209633
0.47888316970224964
0.7543192051125656
0.8340058112296458
0.9765988864883983
-0.8221329093956598
0.7445037022835381
0.7554142872855014
-0.9263324127875133
0.9138477285744238
-0.503839017219359
1.0469648802734697
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Table 6.38: Quasar candidates

Gaia ID

RA (deg)

DEC (deg)

3264703425937475584
3264849592264745216
3264871307619164288
3264868524480341632
3264719437575799808
3264878145207138944
3264687246796285440
3264688238933063168
2534226520789377280
2534138972175657088
2534317161778870784
2533912816378138240
2502056013151132416
2502081130120406528
2502078828017934976
2689940182148617600
2690039619232587904
2689985949321335040
2689936677455231232
2689965573995979648
2689942999647241344
2738420570394779776
2738234340613251712
2738290243907262336
2738486850330373888
2738265401816339968
2738470323295882112
2738487915482214016
2738301415118440064
2738289934669608832
2738254578499203200
2738302682132584320
2738222349064557184
2738520625952901248
2738196613620063872
2738196338742153984
2690084046373203072

52.6133737320536
53.075163522587296
53.061670801091864
54.02444099589332
53.125210238663556
53.42087737124373
54.226029467708535
20.386808326757954
20.212249675978654
21.190452337064745
20.64642121022577
38.54574127236897
39.118731742497225
39.236364631251
316.90387037856755
316.96756497949974
317.462892208272
317.0053485392748
317.49944867780863
317.160939656584
0.2108166446454887
0.5500654944442763
359.56440266357913
359.41229766698933
359.5625043039416
359.2758973552364
359.107371905424
0.06323167674666405
359.5725498692938
0.2813896709186333
359.992560005623
0.06142476687535918
359.822688754111
359.92647796746087
359.95041491104115
315.667598502849
315.74954339329804

0.9661808153887899
0.9093882983831646
1.1134738285182684
1.036252687886128
1.028959492220978
1.204590547419985
1.147926391592527
0.6711223737986707
0.1079834967013
-0.309168003700021
0.5368336554729737
-0.7804070255612395
0.974653322663511
1.2163116816178396
1.2158615583852557
-0.2493725562698536
0.22940114434322467
0.2871646537050567
-0.2937302157209761

0.014718763352126166

-0.20668902840093883
1.1664309649524869
0.5481632616262625
0.7389542976573582
0.9654914155180373
0.5009792796684411
0.6193875285768753
0.7724502473856429
0.8092509964246917
0.716411700437652
0.6869801171078949
0.8610583481650186
0.5342482260360738
1.2001998718424933
0.2272931832203049
0.20822262298004435
-0.22986572305122022
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Table 6.39: Quasar candidates

Gaia ID RA (deg) DEC (deg)
2690169052367002368 316.63749627257965  0.19981302102374662
2690209223195939456  315.2245773439016 0.2853367961661892
2690158607006366720  315.3233208869523 0.1208711588108589
2690134623908412032 316.56198967080223  -0.0747263337004695
2690212861033010688  315.70056873822847  0.3500315512041742
2690091296278422912  56.03440355850458  -0.035479135122376194
3251545467209657344  57.114061740556046  -0.5182914809643779
3251298145811921664  55.3189418784827 -0.8343472531339317
3251442181835521024  56.61087857965463 -0.948321151578934
3251526397554074880  56.773958893583064  -0.4249071902719382
3251510935671806976  56.04646355187942  -0.4573468744424208
3251588279442753536  56.14984805907202  -0.2586713869587477
3251585496303945856  57.134925948683886  -0.2577002130868324
3251293232369325056  56.69214254867015  -0.9003144370402043
3251497638453212032  55.87346618143511 -0.7035732323843481
3251379406593102976  55.965218759474716  -1.1441153524841041
3251481523735510400  55.94132106322538  -0.8792080811505503
3251529627369235840 55.363421182990535  -0.800382477275268
3251404493498260736  56.18398068819689 -1.121884090471076
3251540381967766912  56.887379829479826  -0.6128913884255869
3251288559445239808  56.12112140532702  -0.9991709448944895
3251538423462290816 56.151046200372484  -0.6501728227752819
3251364911079613824  56.27070930993375  -1.1987644928132948
3251565533296287616  56.33679137909539  -0.49012589676372337
3251486785071728256  56.241805232209735  -0.8118900174428029
3251460358136993920  56.77978267701086  -1.0556268702624274
3251301547426353920  55.96674956673616  -0.9517133787413711
3251366212453556736  56.66082470942314  -1.2290867928890559
3251507710152368512  55.69684518945618  -0.6127307148967736
3251547288274900352  55.38031353604269  -0.6915741214465674
3251398476248212992  55.25307873977615  -1.2344682993282163
3251401362466236416 57.061529053089714  -1.2333584612574704
3251311687845498624  319.821364878231 -0.748529650132693
2686197135330631552  320.41015904630274  -1.247468083723237
2686167895193759104  321.4709182429472  -1.0922312922393267
2686097457729027840  320.36682240531997  -0.8030464640254852
2686165936687385344  321.0633140076535  -1.1583819296832685
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Survey: sdss Program: fsiars Target: STAR_BHEB SOUTHERN_SURVEY
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Figure 6.12: SDSS J230015.184010520.0 spectra
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