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ABSTRACT

The aim of this study is to explore methods for how to identify new quasars with different properties
with regard to reddening, redshift, the presence of broad absorption lines from outflows, or other rare
properties affecting the broad-band colours. We use Gaia-based astrometric pre-selection to study
only sources that have zero parallax and zero proper motion within errors. We subsequently match
these sources with information from wide-area photometric surveys and build colour-colour diagrams.
Based on these diagrams we select targets for follow-up spectroscopy. In the subsequent analysis
we also apply observations from SPHEREx to firmly establish redshifts. We secure spectroscopic
observations for 24 sources. Of these, three are found to be stars and the remaining 21 are classified
as quasars spanning a redshift range from z = 0.139 to z = 3.732. The majority of the sources located
away from the normal quasar locus in colour-colour diagrams are found to be broad-absorption-line
quasars. A single source, the lowest redshift source at z = 0.139, is reminiscent of the so-called Little
Red Dots found at high redshifts with JWST. Using the simple procedure followed here it is possible
to locate previously undiscovered quasars with interesting properties, in particular Broad Absorption
Line quasars and quasars with unusual extinction.

1. INTRODUCTION

Since their discovery in the 1960s, quasars have played
a central role in extragalactic astronomy, serving as pow-
erful probes of the early Universe and as tracers of ac-
cretion onto supermassive black holes at the centres of
galaxies (Fan 2006). Powered by accretion onto super-
massive black holes (Rees 1984), quasars provide key in-
sights into the physics of active galactic nuclei (AGN),
the growth of supermassive black holes, and their inter-
play with galaxy evolution, as well as the properties of
the intervening intergalactic medium (Rees 1984; Hop-
kins et al. 2006; Meiksin 2009).

Historically, quasars have been identified using a vari-
ety of selection techniques. Early surveys primarily re-
lied on radio emission, leading to the discovery of the
first quasar samples (Schmidt 1963). While radio selec-
tion is largely insensitive to dust extinction, it is intrin-
sically biased towards the radio-loud population, which
represents only a small fraction of the overall quasar
population (Sandage 1965). Hence it was realized that
radio-selection alone cannot provide a complete census
of quasars.

* Corresponding author. jfynbo@nbi.ku.dk

Subsequently, colour-based selection methods became
the dominant approach, particularly with the advent of
wide-area optical surveys. By exploiting the distinctive
colours of quasars relative to stars, optical selection has
enabled the construction of large quasar catalogs with
up to a million sources. Extensions to the near- and
mid-infrared have further improved selection efficiency
and helped recover quasars missed in optical surveys.
However, all colour-based techniques ultimately depend
on the observed spectral energy distributions of sources
and therefore remain susceptible to colour-dependent bi-
ases, especially for quasars affected by dust reddening
or strong absorption features such as Broad Absorption
Lines (BALs, Gibson et al. 2009).

An alternative and complementary approach to quasar
selection is provided by astrometric methods (e.g., Koo
et al. 1986; Meusinger et al. 2002). This approach
exploits the negligible parallax and proper motion of
quasars, e.g. using very precise observations from the
Gaia mission (Gaia Collaboration et al. 2016), to iden-
tify candidates independently of their spectral energy
distributions or colours. Previous studies have demon-
strated the feasibility of this approach using both sim-
ulated and real Gaia data, confirming that astrometric
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selection can recover quasars that are underrepresented
in traditional colour-based samples (Heintz et al. 2015,
2018, 2020; Geier et al. 2019; Fynbo et al. 2020).

In this work, we use a criterion of zero proper motion
and a parallax of zero as an astrometric pre-selection and
sample sources from different regions of colour—colour
space to investigate the connection between photometric
properties and spectroscopic characteristics. This selec-
tion is not optimized for completeness or sample purity,
but is instead designed to explore the diversity of spec-
troscopic characteristics among astrometrically selected
candidates.

The paper is organized in the following way: In Sect. 2
we describe how the targets of this study have been se-
lected. In Sect. 3 we describe the observations, which
mostly come from a summer school in August 2024, with
additional observations extending the sample in 2025. In
Sect. 4 we describe our results, which mainly consists of
analysis of the spectra and classification of the sources
in terms of object class (star or quasar, which type of
quasar), extinction and redshift. In Sect. 5 we discuss
the implications of our work and in Sect. 6 we provide
our conclusions.

2. SELECTION STRATEGY

The target selection in this work was designed to inves-
tigate the spectroscopic properties of quasar candidates
occupying different regions of colour—colour space. With-
out the inclusion of astrometric information such a study
is nearly impossible as some regions of colour-space are
swamped by stellar sources making it very difficult to
pick out the rare non-stellar sources in these regions of
colr-space. We have adopted a selection strategy that
combines an astrometric pre-selection, and hence rejec-
tion of the large majority of stellar sources, with targeted
sampling based on photometric properties.

2.1. Astrometric pre-selection

We first selected sources from the Gaia catalogue
with proper motions and parallaxes consistent with zero
within the measurement uncertainties. Such sources are
expected to be dominated by extragalactic objects and
therefore constitute a natural pool of quasar candidates.
Our SQL-query for the astrometric preselection is pro-
vided in Fig. 1. This set of objects we will refer to as our
master catalogue.

2.2. Further down-selection based on position in
colour—colour space

These astrometrically selected sources were then cross-
matched with photometric data from the Sloan Digital
Sky Survey (SDSS, bands u, g, r, i, z, Alam et al. 2015), as
well as complementary near- and mid-infrared data from
the Two Micron All Sky Survey (2MASS, bands J, H, K,
Skrutskie et al. 2006) and the Wide-field Infrared Survey
Explorer (WISE, bands W1, W2, W3, W4, Wright et al.
2010).

Using the available photometry, we constructed
colour—colour diagrams for further down-selection of tar-
gets for spectroscopic follow-up. We use two main colour-
colour diagrams, namely g—r versus J —K and W1—-W?2
vs. J — K. These diagrams provide very useful separa-
tions of stars, galaxies and quasars (e.g., Fynbo et al.

SELECT TOP 50000000
source_id , ra, dec, 1, b,
pmra, pmra_error,
pmdec, pmdec_error ,
parallax , parallax_error ,
phot_g_mean_mag ,
phot_g_mean_flux ,
phot_g_mean_flux_error ,
phot_bp_mean_mag ,
phot_rp_-mean_mag,
bp.rp,
ref_epoch
FROM gaiaedr3.gaia_source AS gaia
WHERE
gaia.ra >= 270
AND gaia.ra <= 359
AND gaia.dec > 0
AND gaia.phot_g_.mean_mag <= 19

AND ABS(gaia.parallax/gaia.parallax_error) <= 2

AND (
POWER( gaia .pmra/gaia.pmra_error ,2)
+ POWER( gaia .pmdec/gaia . pmdec_error ,2)
) <=4

Fic. 1.— The SQL query we have used to pre-select stationary
and distant Gaia EDR3 sources for this mini-survey.

2017; Geier et al. 2019). In colour—colour space, the
expected distributions of stars and quasars can be un-
derstood from theoretical templates. As illustrated in
Figure 2, stars follow a narrow and well-defined track
in the g — r versus J — K diagram, reflecting the rel-
atively uniform spectral energy distributions of stellar
populations. In contrast, quasars do not occupy a sin-
gle linear sequence but instead populate a broader and
more structured locus with a finite width due to redshift,
which moves the strong emission lines in and out of the
various filters and removes light due to Lyman-a forest
blanketing at z 2 2.5, and different levels of extinction.
In particular, the position of the Ha line to a large extent
explains the spread in J — K colour for quasars.

Although the stellar and quasar loci are largely sepa-
rated, Fig. 2 also shows that partial overlap is expected
in specific regions of colour—colour space. On the left side
of the g — r vs. J — K diagram, at relatively blue near-
infrared colours (J — K < 0.6), the stellar locus forms
a comparatively clean and “safe” region dominated by
stars. At larger J — K values, stellar templates continue
to appear but increasingly overlap with the quasar lo-
cus, particularly with blue quasar tracks. For quasars, a
relatively safe region is found in the lower part of the
quasar locus, where little overlap with the stellar se-
quence is expected. In the W1 —-W2 vs. J— K diagram
there is also overlap between different classes of objects
at W1—W?2 = 0.5. These theoretical predictions indicate
that although much of colour—colour space allows fairly
robust source classification, certain transition regions are
more ambiguous.

Targets were selected from different regions of these
diagrams for spectroscopic follow-up, including both re-
gions where stars and quasars are well separated and
regions where their distributions overlap.

Rather than optimizing the selection for sample pu-
rity or completeness, this approach was adopted to probe
the diversity of spectroscopic properties associated with
different locations in colour—colour space. By sampling
both photometrically “clean” regions and more ambigu-
ous transitional regions, this strategy allows a direct as-
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sessment of the extent to which photometric location re-
flects the properties such as redshift, extinction and the
presence of BAL features of the sources.

3. OBSERVATIONS

All spectroscopic observations presented in this work
were made with the 2.56-m NOT located on the Ca-
narian island of La Palma, using the Andalucia Faint
Object Spectrograph and Camera (ALFOSC). ALFOSC
was chosen for its efficiency in observing faint sources,
making it well suited for low- to intermediate-resolution
long-slit spectroscopy of quasar candidates.

Most targets were observed using grism 4, which pro-
vides a wavelength coverage of approximately 3200-9600

A with a spectral resolution of slightly below 400 when
using a 1”7 slit. This setup is well suited for identifying
prominent emission and absorption features in quasar
spectra over a wide redshift range. A subset of tar-
gets was re-observed using grism 20, covering the wave-
length range 5650-10150 A, to obtain follow-up spectra
with improved sensitivity at longer wavelengths and ap-
proximately double the resolution compared to grism 4.
Both grism 4 and grism 20 suffer from about 5% 2nd-
order contamination redward of 9000 A. This combina-
tion of grisms offers broad wavelength coverage while
maintaining a suitable balance between spectral resolu-
tion and signal-to-noise ratio for reliable spectral classifi-



4 Cheng et al.

2 ° - e _targets go one® 8°° %M @
p L d , b<10 b, T
80 1 S e SDSS

60
m
()
o
o
Q
z
5 40
[
o
20
0
360 340 320 300 280
RA (degrees)
F1a. 3.— Our targets are selected to be observable from La Palma

in August. Targets are selected to be above a Galactic height of
10 degrees and from the parts of the northern summer sky covered
by SDSS. For these regions there is also available photometry from
2MASS and WISE.

cation and redshift determination. A complete list of the
observed targets, together with their coordinates and ob-
servational parameters, is provided in Table 1 and Table
2.

The spectroscopic data were reduced using standard
procedures for long-slit spectroscopy, including bias sub-
traction, flat-field correction, wavelength calibration,
sky subtraction, spectral extraction, and flux calibra-
tion. Data reduction and analysis were performed using
Python-based routines as implemented in the Python-
package PyLongslit (Valeckas et al. 2025), which is avail-
able on Github?.

4. RESULTS
4.1. Spectroscopic classification

Spectroscopic observations were obtained for 24 can-
didates. Based on the inspection of the one-dimensional
spectra and comparison with quasar templates, 21 ob-
jects are confirmed as quasars, the remaining 3 tar-
gets are classified as stellar contaminants. To clas-
sify the objects we plot the optical spectra from our
own observations together with photometry from SDSS;
UKIDSS, and WISE and with spectroscopic data from
SPHEREx (Bock et al. 2026). The SPHEREx spectra
are acquired using the SPHEREx pipeline available on
Github®. WISE photometry is in particular interesting
as the The criterion W1 — W2 > 0.8 is a robust selec-
tor for quasars at z < 2.8 (Stern et al. 2012). At higher
redshifts W1 — W2 drops and blends with the W1 — W2
colours of stars and galaxies (see Fig. 2).

For quasar candidates, redshifts and dust extinction
values were estimated by comparing the observed spec-
tra with a representative quasar template, for which we
adopt the Selsing et al. (2016) quasar template, reddened
using an SMC-like extinction curve as quantified by Pei
(1992). For BAL quasars, where emission lines may be
strongly suppressed, redshift determinations primarily

2 https://kostasvaleckas.github.io/PyLongslit/index.html

https://github.con/andrijazupic/SPHEREx_pipeline/tree/main

rely on absorption features and on emission lines in the
SPHEREX spectral region (Ha in particular).

We also cross-check with the FIRST and LOFAR sur-
vey for emission at radio wavelengths (Helfand et al.
2015; de Gasperin et al. 2023).

The classifications of all targets, together with the es-
timated redshifts and extinction values, are listed in Ta-
ble 3. Fig. 2 shows the positions of all targets in the g—1r
versus J — K diagram, with the spectroscopic classifi-
cations indicated by different symbols and the redshifts
represented by colour.

4.2. Notes on individual objects

The position of the objects in the colour-colour dia-
grams can be inspected in Fig. 2

4.2.1. SDSSJ182859+643725 (= = 0.609)

This object has colours g—r = 1.37, J— K = 1.86, and
W1 —W2=1.11. It was selected due to its red optical
and near-infrared colours. For this quasar we identify
a redshift of z = 0.609, determined based on a promi-
nent broad emission feature near 7800 A, which is inter-
preted as HB (Fig. 4). This redshift is consistent with the
SPHEREXx spectrum, which shows very strong Hydrogen
emission lines consistent with this redshift (He, Pa, PS).
The SPHEREXx spectrum has the wrong continuum shape
compared to the photometry, which is due to contamina-
tion of emission from another brighter source within the
SPHEREx PSF. A dust extinction value of Ay = 1.4 is
estimated, as it yields a good match between the photo-
metric data and the quasar template in the near-infrared
region. This dust extinction value shows that the quasar
spectrum is heavily reddened by dust.

There is a strong absorption trough on the red side of
the HB emission, above what can be accounted for by
telluric absorption at these observed wavelengths, which
we have not been able to identify. One possibility is He 1.
There is also evidence for blueshifted HB absorption, but
this is blended with the telluric A band. There is also
blueshifted Mg II absorption.

At shorter wavelengths, the observed spectrum falls
well below the reddened template. This discrepancy may
indicate that the actual dust extinction curve is steeper
in the UV than the adopted SMC-like law, which is dis-
cussed in Fynbo et al. (2013). Due to the peculiar nature
of this spectrum, a second observation was carried out
using grism 20, which extends the wavelength coverage
toward longer wavelengths. The result from this sec-
ond observation is consistent with the grism 4 spectrum
in the overlapping region, confirming the reliability of
the earlier data. In the newly covered longer-wavelength
range, abroad absorption feature is observed just before
Ha, which supports the classification of this object as a
peculiar BAL quasar. We subsequently realized that this
quasar is also observed as part of BOSS, but as far as we
can see the redshift has not been established prior to our
study. The source is detected by LOFAR with a flux of
8.20+0.08 mJy.

4.2.2. SDSSJ194143+610107 (z = 1.042)

This object has colours g —r = 2.58, J — K = 1.34,
and W1 — W2 = 1.30. It was selected for follow-up
spectroscopy due to its very red optical colour (the red-


https://kostasvaleckas.github.io/PyLongslit/index.html
https://github.com/andrijazupic/SPHEREx_pipeline/tree/main

TABLE 1

ALL TARGETS OBSERVED WITH GRISM 4.

Target RA (J2000) Dec (J2000) Date Exposure Time Airmass
[hr:min:sec]  [deg:min:sec] [s]
SDSS J182859+643725  18:28:59.34  +64:37:25.30 2024-08-10 2x300 1.34
SDSS J1941434-610107  19:41:43.66  461:01:07.80 2024-08-05 2x300 1.22
SDSS J203008+152416  20:30:08.82  415:24:16.00 2024-08-05 2x300 1.30
SDSS J204757+002431  20:47:57.18  +00:24:31.50 2024-08-10 2x500 1.14
SDSS J210215+230730  21:02:15.48  +23:07:30.72 2025-07-31 2x600 1.01
SDSS J210558+4-222457  21:05:58.53  422:24:57.00 2024-08-07 2x300 1.06
SDSS J212319+4-254131 21:23:19.53 425:41:31.20 2024-08-10 2x300 1.02
SDSS J2135104-272852 21:35:10.10  427:28:52.20 2024-08-09 2x400 1.21
SDSS J2140394-005705  21:40:39.85  4-00:57:05.80 2024-08-10 2% 300 1.13
SDSSJ215731+183120  21:57:31.94  +18:31:20.40 2024-08-09 2x200 1.02
SDSS J215856+285434  21:58:56.42  +28:54:34.50 2024-08-06 2x300 1.00
SDSS J221036+282050  22:10:36.32  +28:20:50.65 2025-08-11 2x1200 1.06
SDSS J222839+172759  22:28:39.76  4+17:27:59.57 2025-07-18 2x600 1.02
SDSS J2229434+101907  22:29:34.34  410:19:07.99  2024-08-09 2x300 1.20
SDSS J223052+4-383246  22:30:22.53  438:32:46.60 2024-08-09 2x300 1.09
SDSS J2254324063826  22:54:32.27  406:38:26.04  2025-08-22 2x900 1.08
SDSSJ231514+113820  23:15:14.30  +11:38:20.20 2024-08-24 2x600 1.05
SDSS J231704+160807  23:17:04.31  +16:08:07.30 2024-08-09 2x300 1.14
SDSS J2318174+234950  23:18:17.92  423:49:50.10 2025-08-22 2x1200 1.20
SDSS J2325214191557  23:25:21.01  419:15:57.06 2024-08-10 2x300 1.10
SDSS J2333344+-291822  23:33:34.32 429:18:22.08  2025-09-20 2x1400 1.29
SDSS J2346104+431950  23:46:10.77  443:19:50.61  2024-08-09 2x300 1.06
SDSS J234703+373435  23:47:03.04  +37:34:35.10 2024-08-25 2x900 1.15
SDSS J235003+241943  23:50:03.81  +24:19:43.79 2025-07-30 2x900 1.02
TABLE 2
ALL TARGETS OBSERVED WITH GRISM 20.
Target RA (J2000) Dec (J2000) Date Exposure Time Airmass
[hr:min:sec]  [deg:min:sec] [s]
SDSS J2317044+160820  23:17:04.31  416:08:20.70 2024-08-25 2x600 1.02
SDSS J182859+643725  18:28:59.34  +64:37:25.30 2024-08-10 2x500 1.32
SDSS J2047574002034  20:47:57.18  400:20:34.50 2024-09-05 2x600 1.15
Mgl [ON] HB+[ON]  Ha Hel Pap Pac dest in the sample). This quasar spectrum (Fig. 5) ex-
‘ ‘ ‘ ‘ bl ‘ hibits a heavily suppressed continuum, with no promi-
SD55/182859+643725 nent z = 1.042 based on the identification of several
102+ z=0.609, A(V)=1.40 4

—— Optical spectrum
—— SphereX spectrum median filtered
Intrinsic template
100 —— Reddened template
= photometry
—— Optical spectrum (grism 20)
SphereX Data

10000 20000 40000
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F1G. 4.— The spectrum of SDSS J182859+4-643725. All figures of
individual quasar spectra has this layout: in blue (grism 4) and
green (grism 20 when available) we show our optical spectra. The
SPHEREX spectra are shown with orange (individual points) and
green (median filtered). The photometry from SDSS, 2MASS, and
WISE is shown with orange squares. The quasar template is shown
in grey (unreddened) and red (reddened with an SMC extinction
curve). The redshift and the assumed Ay is indicated on the figure.
We classify this source as a peculiar BAL quasar. The SPHEREx
spectrum is blended with light from a brighter source.

strong absorption lines, including Fe 11A3301,A3363 and
Call(A\3934,13969). At this redshift other absorption fea-
tures align well with some low-ionization transitions such
as TiII and Mg I. The quasar shows broad and deep ab-
sorption troughs across the 6000 to 8500 A range, and
many absorption features are blended, forming a complex
profile. The dust extinction is estimated to be Ay = 1.4,
which gives a good match between the template and the
photometric data in the NIR. In the SPHEREx spec-
trum there are emission lines consistent with Paa and
Ha at the proposed redshift. The SPHEREx spectrum
is contaminated by another bright source at the edge of
the SPHEREx PSF, which explains why the slope does
not match the photometry. The combination of multi-
ple low-ionization metal lines (e.g., Fe II, Mg I, Ti II),
suppressed UV emission lines, strong continuum depres-
sion, and wide absorption features lead us to classify this
object as a FeLoBAL quasar. We subsequently realised
that this object has also been observed as part of BOSS,
but as far as we can see the redshift has not been es-
tablished prior to our study. The source is detected by
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TABLE 3
QUASAR SAMPLE: CLASSIFICATION, REDSHIFT AND EXTINCTION.

Target Type Redshift Ay
SDSS J182859+643725 peculiar/BAL  0.609 1.4
SDSS J194143+610107 BAL 1.042 1.4
SDSS J203008+4-152416 BAL 1.741 0.0
SDSS J204757+002431 BAL 1.85 0.80
SDSS J2102154-230730 normal 0.139 ?
SDSS J210558+222457  star 0.0 0.0
SDSS J212319+4-254131 BAL 2.520 0.1
SDSS J213510+272852 BAL 2.43 0.20
SDSS J214039+005705 peculiar 1.1555 0.55
SDSS J215731+183120 normal 2.02 0.15
SDSS J215856+285434 BAL 1.553 0.0
SDSS J221036+282050 normal 3.732 0.2
SDSS J222839+172759 BAL 2.932 0.25
SDSS J222934+101907  star 0.0 0.0
SDSS J223030+383246 normal 2.26 0.0
SDSS J225432+063826  peculiar 2.698 0.40
SDSS J231514+113820 BAL 2.895 0.2
SDSS J231704+160807  peculiar 0.464 1.7
SDSS J231817+234950 normal 0.570 1.50
SDSS J232521+191557  star 0.0 0.0
SDSS J233334+291822 BAL 1.675 0.60
SDSS J234610+431950 normal 3.26 0.0
SDSS J234703+373435 normal 3.03 0.20
SDSS J235003+241943  peculiar 0.692 0.3

LOFAR with a flux of 2.234+0.12 mJy.
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Fi1G. 5.— The spectrum of SDSS J194143+610107. We classify
this source as a FeLoBAL quasar. The SPHEREx spectrum is
blended with light from a brighter source.

4.2.3. SDSSJ203008+15241616 (z = 1.741)

This object has colours g —r = 0.631, J — K = 0.90,
and W1 — W2 = 1.28. It was selected due to be redder
than typical quasars. This quasar exhibits broad absorp-
tion features blueward of the C IV and C III] emission
lines, accompanied by significant suppression of the con-
tinuum in the rest-frame UV region (Fig. 6). The redshift
is determined based on a prominent emission feature near
5230 A, identified as C I11) A1909. This is consistent with
the presence of Ha emission in the expected wavelength
range in the SPHEREx spectrum. The SPHEREx spec-
trum is again contaminated by light from another source.
There is no evidence of significant dust reddening (Ay =
0). The spectrum reveals prominent BAL characteristics.
Therefore we label this object as a BAL quasar.
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Fic. 6.— The spectrum of SDSS J203008+4152416. We classify
this source as a BAL quasar.

4.2.4. SDSSJ204757+002431 (= =1.850)

This object has colours g —r = 1.33, J — K = 1.13,
and W1 — W2 = 0.97. It was selected due to its red
optical colour. The redshift of this quasar is determined
primarily from a set of strong absorption features, as
its emission lines are significantly suppressed. In par-
ticular, Fe II A2374, Fe II A2382, Mn II A\2576, and
Mn II A2606 appear prominently in the observed spec-
trum. Consistent with z = 1.850, we also find that
emission features such as C 1V, C III] and Mg II align
well with the template. The SPHEREx spectrum shows
the presence of an Ha line consistent with this redshift.
The spectrum exhibits several defining characteristics of
a FeLoBAL quasar, including broad and blended absorp-
tion troughs, extensive low-ionization metal absorption
(Fe IT, Mn 11, and Mg IT) and continuum suppression over
a wide wavelength range. The spectral shape is similar to
the known FeLoBAL SDSS J090152.054+-624342.6 (Wang
et al. 2017). The position is covered by the FIRST sur-
vey, but no signal is detected from the source. We label
this object as a FeLoBAL quasar.
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F1G. 7.— The spectrum of SDSS J204757+002031. We classify
this source as a FeLoBAL quasar.

4.2.5. SDSSJ210215+230730 (z =0.139)

This object has colours g —r = 0.97, J — K = 1.56,
and W1 — W2 = 0.86. It was selected for spectroscopic
follow-up due to its red optical and near-infrared colours.



We determine a low redshift of 0.139 based on broad Ha
and narrow [O II] and [O III] emission (see Fig. 8). HJ
and Mg IT is also detected. The continuum is very red.
In Fig. 8 we have not plotted the quasar template as it is
not possible to match the spectrum with a quasar tem-
plate reddened by SMC-like extinction. In SPHEREx
the shape of the spectrum matches the photometry fairly
well, but the photometry falls below the SPHEREx mea-
surements, probably due to variability. The SPHEREx
measurements are not contaminated by light from other
sources. In SDSS the object is extended and is classified
as a galaxy, but the W1 — W2 colour is inconsistent with
a galaxy (or stellar) spectrum. This is an object with
contributions to the spectrum from both a central ob-
scured AGN and from the underlying host galaxy, some-
what reminiscent of Little Red Dots at higher redshifts
(LRDs, Matthee et al. 2024; Ronayne et al. 2026). The
shape of the continuum is similar, but the Ha line does
not have the exponential profile seen in LRD spectra. We
classify it as a normal quasar/AGN due to its broad Ha
line.
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F1a. 8.— The spectrum of SDSS J210215+230730. We classify
this source as a normal quasar. It is somewhat reminiscent of an
LRD. This is the lowest redshift source in the sample. We do not
overplot a reddened quasar template as it matches very poorly with
any extinction.

4.2.6. SDSS.J210558+222457 (star)

This object has colours g — r = 1.04, J — K = 1.07,
and W1 — W2 = —0.09. It was selected due to its red
optical and near-infrared colours and low W1—W?2 colour
suggesting it could be at high redshift. The spectrum
of this object shows a distinctly stellar shape, lacking
any broad emission lines characteristic of quasars. The
spectrum is well matched by stars of spectral type K.

4.2.7. SDSS.J212819+25/151 (2 = 2.520)

This object has colours g —r = 0.94, J — K = 1.07
and W1 — W2 = 1.03. It was selected due to its red
optical colour. Similar to SDSSJ 1941434610107 and
SDSSJ 2047574002431, this quasar exhibits no promi-
nent emission features in the optical (see Fig. 10), mak-
ing redshift determination in the optical relying on ab-
sorption lines. At z = 2.36, a series of Fe IT absorption
features (e.g., A2344, A\2374, A2382) and low-ionization
lines such as Mg II A2796 A\2803. There is a also a
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F1G. 9.— The spectrum of SDSS J210558+222457. We classify
this source as a K-type star.
broad BAL-line in the blue end of the spectrum consis-
tent with C IV at z = 2.36. In the SPHEREx spectrum,
however, the observed spectrum shows a prominent Ho
emission feature, corresponding to a redshift of z = 2.52
(Fig. 10). Taken together, this shows that this quasar is a
high-velocity detached BAL quasar similar to the quasars
studied by Fynbo et al. (2020) and Ma et al. (2026). It
is however, unusual to see detached low-ionization lines.
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F1G. 10.— The spectrum of SDSS J212319+254131. We classify
this source as a BAL quasar.

4.2.8. SDSSJ213510+272852 (z = 2.430)

This object has colours g — r = 1.06, J — K = 1.78,
and W1—W2 = 1.23. It was selected for follow-up spec-
troscopy due to its red optical colour. The redshift of
this quasar is determined based on the observed C III]
emission feature, with supporting emission from Ly« and
C IV clearly visible in the spectrum (see Fig. 11). There
are clear BAL features bluewards of the C IV, Si IV and
Lya emission lines. In addition to the high-ionization
features, absorption from the low-ionization Mg II dou-
blet is present, allowing a further classification as a low-
ionization BAL (LoBAL) quasar. A reddening value of
Ay = 0.2 provides an excellent match between the tem-
plate and photometry. The source is detected by LOFAR
with a flux of 6.2740.41 mJy. We label this quasar as a
LoBAL quasar.

4.2.9. 8DSS.J214039+005705 (= = 1.156)
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FiG. 11.— The spectrum of SDSS J213510+272852. We classify
this source as a BAL quasar.

This object has colours g —r = 1.38, J — K = 1.30,
and W1—W?2 = 1.36. It was selected for follow-up spec-
troscopy due to its red optical colour. The redshift of
this quasar is determined to be z = 1.1555, based on the
alignment of several prominent absorption features from
Fe, Mn, and Mg (see Fig. 12). No strong emission lines
are clearly identifiable in the optical. The continuum
breaks blueward of Magnesium. In the SPHEREx spec-
trum there are emission lines from Hea, He I, and Pa«
consistent with z = 1.1555. Over most of the spectra
range a normal quasar template reddened by SMC-like
extinction with Ay = 0.55 gives a decent match, but be-
low about 3000 A the continuum seems to break. The
position is covered by the FIRST survey, but no signal
is detected from the source. We classify this source as a
peculiar quasar.
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F1c. 12.— The spectrum of SDSS J214039+005705. We classify
this source as a peculiar quasar.

4.2.10. SDSSJ215731+183120 (= = 2.020)

This object has colours g—r = 0.42, J— K = 1.41, and
W1—-W2=1.09. It was selected to have colours typical
of a normal z < 2.8 quasar. The redshift of this quasar
is estimated to be z = 2.020, primarily based on the
alignment of prominent broad emission features in the
optical including C I11], C IV, and Lya. The SPHEREx
spectrum shows emission from He, HB, and PaB. The
extinction value Ay = 0.15 provides a good match be-
tween the observed spectrum and the reddened template,

indicating that the quasar is mildly reddened. The spec-
trum shows no clear signs of broad absorption troughs
or strong low-ionization absorption lines. The source is
detected by LOFAR with a flux of 2.5740.10 mJy. There-
fore, we classify SDSS J2157+183120 as a normal quasar.
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Fi1a. 13.— The spectrum of SDSS J215731+183120. We classify
this source as a normal quasar.

4.2.11. SDSSJ215856+285434 (= = 1.553)

This object has colours g — r = 0.71, J — K = 0.93,
and W1—W2 = 1.20. It was selected for follow-up spec-
troscopy due to its mildly red optical colour compared
to normal quasars. The redshift of this quasar is esti-
mated to be z = 1.553 based on the identification of
broad absorption features, including Fe IT A2344, A\2374,
A2382 and Mg I1A2586, A2600, A2802 (see Fig. 14). The
presence of strong, wide, and overlapping low-ionization
absorption features—especially those from Fe IT supports
its classification as a low-ionization BAL quasar. Once
the redshift is determined, we also find that the emis-
sion lines of C IV, C III}, and Mg II align well with
the template, although all are significantly suppressed.
The SPHEREx spectrum is contaminated by light from
a much brighter source. Despite of this, Paa emission is
detected from the quasar at the expected wavelength.
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F1G. 14.— The spectrum of SDSS J215856+285434. We classify
this source as a BAL quasar. The SPHEREx spectrum is blended
with light from a brighter source.



4.2.12. SDSS J221036+282050 (= = 3.732)

This object has colours g —r = 1.70, J — K = 1.21,
and W1 — W2 = 0.27. It was selected for follow-up
spectroscopy due to its red optical colour and the low
W1 — W2 colour, which could suggest a redshift larger
than 2.8. We determine a redshift of z = 3.732 based on
weak Ly« in the optical and Ha in the SPHEREx spec-
trum (see Fig. 15). The spectrum is well matched with a
composite quasar spectrum mildly reddened (Ay = 0.2
mag). We classify this as a normal quasar.

lya av c Mgl [ON] HB+[ON]  Ha Hel
\ \ \ \ \ \ \ I
SDSS)221036+282050
z=3.732, A(V)=0.20

—— Optical spectrum
—— SphereX spectrum median filtered
Intrinsic template
—— Reddened template
©  photometry
SphereX Data

5000 10000 20000 40000
Observed Wavelength / A

F1c. 15.— The spectrum of SDSS J221036+282050. We classify
this source as a normal quasar. This is the highest redshift source
in the sample.

4.2.13. SDSS J222839+172759 (2 = 2.932)

This object has colours g — r = 0.39, J — K = 1.37,
and W1 — W2 = 0.78. It was selected for follow-up
spectroscopy due to its blue optical colour and red near-
infrared colours. We determine a redshift of z = 2.932
based on Lya and C III] in the optical and He in the
SPHEREx spectrum. The spectrum is mildly reddened.
There is a broad and detected BAL-feature from C IV.
We categorize the source as a BAL quasar.
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F1G. 16.— The spectrum of SDSS J222839+172759. We classify
this source as a BAL quasar.

4.2.14. SDSS J222934+101907 (star)

This object has colours g —r = 0.89, J — K = 1.13,
and W1 — W2 =0.52. It was selected due to its red op-
tical and near-infrared colours and borderline W1 — W2
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colour. This object was determined not to be a quasar,
based on the absence of any broad emission lines or high-
redshift spectral features (see Fig™ 17). We classify this
target as a K-type star. The position is covered by the
FIRST survey, but no signal is detected from the source
as expected for a star.
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Fi1c. 17.— The spectrum of SDSS J222934+101907. We classify
this source as K-type star.

4.2.15. SDSS J223050+383246 (= = 2.260)

This object has colours g —r = 0.36, J — K = 1.44,
and W1 — W2 = 1.08. It was selected for follow-up
spectroscopy to have colours typical of a normal z < 2.8
quasar. The redshift of this quasar is determined to be
z = 2.260. The redshift is measured based on the C III]
emission feature. Although the Lya and C IV emission
lines are also prominent, they are affected by associated
absorption features and therefore are not suitable for
Gaussian fitting. In the SPHEREx spectrum we see a
prominent Ha line. With the help of photometric data,
the extinction is determined to be Ay = 0. We classify
this target as a normal quasar.
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F1G. 18.— The spectrum of SDSS J223030+383246. We classify
this source as a normal quasar.

4.2.16. SDSS J225482+063826 (z = 2.698)

This object has colours g —r = 0.92, J — K = 1.24,
and W1—W2 = 1.06. It was selected for follow-up spec-
troscopy due to its red colours. We determine a redshift
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of 2.698 based on a mix of absorption (Lya and C IV)
and emission (C III]) features in the optical and emission
lines (Ha and He I) in the SPHEREx spectrum. The
spectrum is mildly reddened. We categorize the source
as a peculiar quasar due to the weak emission lines in the
restframe ultraviolet.
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Fic. 19.— The spectrum of SDSS J225432+063826. We classify
this source as a peculiar quasar.

4.2.17. SDSSJ281514+113820 (= = 2.895)

This object has colours g — r = 0.61, J — K = 0.85,
and W1 — W2 = 1.11. It was selected for follow-up
spectroscopy due to its mildly red optical colour. This
object is a classical BAL quasar (see Fig. 20. Its redshift
(z = 2.895) is inferred from the Lya and C IV emis-
sion features at the red edges of the BAL troughs. The
SPHEREx spectrum shows emission lines from Ha and
He I consistent with z = 2.895. The position is covered
by the FIRST survey, but no signal is detected from the
source.
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F1G. 20.— The spectrum of SDSS J231514+113820. We classify
this source as a BAL quasar.

4.2.18. SDSS J231704+160807 (= = 0.464)

This object has colours g —r = 1.32, J — K = 1.89
and W1—W2 = 1.19. It was selected for follow-up spec-
troscopy due to its very red optical colour. This object
is a heavily reddened quasar at a fairly low redshift of
z = 0.464 (see Fig. 21). Tts redshift is determined based

on the Ha emission feature round 9600 A. The dust ex-
tinction is estimated to be Ay = 1.7, but the match is not
very good, especially in the blue end of the optical range.
There seems to be blueshifted absorption (by about 10%
km s=1) from both HB and Ha and possible also less
blueshifted absorption from from He I. Also from Mg II
there is blueshifted absorption. In the SPHEREx spec-
trum we see Ha, He I, and Paschen lines. We label the
object as a peculiar quasar.
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Fia. 21.— The spectrum of SDSS J231704+160807. We classify
this source as a peculiar quasar.

4.2.19. SDSS J231817+234950 (= = 0.570)

This object has colours g —r = 0.76, J — K = 1.69,
and W1 —W2 = 1.08. it was selected for follow-up spec-
troscopy due to its red optical colours. We determine a
redshift of z = 0.570 based on a range of features in the
optical and SPHEREx spectra (see Fig. 22. The spec-
trum is fairly well represented by a reddened template
with Ay = 1.50. We classify this source as a normal,
reddened quasar.
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Fia. 22.— The spectrum of SDSS J231817+234950. We classify
this source as a normal, reddened quasar.

4.2.20. SDSSJ232521+191557 (star)

This object has colours g—r = 1.51, J— K = 1.17, and
W1 —-W2 = 0.22. It was selected due to its red optical
colour. The spectrum of this object lacks the broad emis-
sion lines typically observed in quasars (see Fig. 23). We



identify several key features commonly associated with
M-type stars, such as strong TiO absorption bands that
shape the overall shape of the spectrum. We classify this
target as an M-type star.
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F1G. 23.— The spectrum of SDSS J232521+191557. We classify
this source as an M-type star.

4.2.21. SDSS J233334+291822 (z = 1.675)

This object has colours g —r = 1.36, J — K = 1.09,
and W1 — W2 =0.92. The object was selected for spec-
troscopy due to its red optical colours. The spectrum has
a single weak emission line in the restframe ultraviolet,
namely C III]. There is a BAL line at the position of C IV.
In the SPHEREXx spectrum we detect Ha. The spectrum
is reddened, but the reddened template does not match
the observed spectrum well bluewards of Mg II. We clas-
sify the object as a BAL quasar.
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F1G. 24.— The spectrum of SDSS J233334+4291822. We classify
this source as a BAL quasar.

4.2.22. SDSS J234610+431950 (= = 3.260)

This object has colours g —r = 0.42 and W1 - W2 =
0.75. It was selected for follow-up spectroscopy due to
its borderline W1 — W2 colour suggesting it could be a
quasar at z > 2.8. This target is indeed a quasar at a
relatively high redshift of z = 3.260 (see Fig. 25). The
redshift is calculated based on the prominent emission
lines from Lya and C IV. In the SPHEREx spectrum we
also detect a prominent Ha emission line. We classify it
as a normal quasar.
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Fia. 25.— The spectrum of SDSS J234610+431950. We classify
this source as a normal quasar.

4.2.23. SDSS J234703+373435 (= = 3.030)

This object has colours g — r = 0.49, J — K = 1.46,
and W1 — W2 = 1.00. It was selected to be a normal
quasar. This object is a quasar with a fairly high redshift
z = 3.030 (see Fig. 26). The redshift is determined based
on the Lya and C IV emission lines. In the SPHEREx
spectrum we detect bright emission lines consistent with
Ha and He I at this redshift. The dust extinction is
estimated to be Ay = 0.20. The source is detected by
LOFAR with a flux of 1.2840.09 mJy.
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F1G. 26.— The spectrum of SDSS J234703+-373435. We classify
this source as a normal quasar.

4.2.24. SDSS J285003+241943 (= = 0.692)

This object has colours g—r = 0.83, J— K = 1.30, and
W1 —W2=1.06. The object was selected for follow-up
spectroscopy due to its red optical colour. We determine
a redshift of z = 0.692 based on HS and [O III] emission
the optical and Ha in the SPHEREx spectrum. There is
no line emission from Mg II. The shape of the spectrum
is poorly matched by a reddened quasar template. We
categorize the object as a peculiar quasar.

4.3. The confirmed quasars

The 21 confirmed quasars span a wide redshift range
from z = 0.139 to z = 3.732. The estimated dust extinc-
tion values cover a range of Ay = 0 to Ay = 1.7. As
expected, the most dust obscured objects are at the low-
est redshifts as shown in Fig. 28. This is what we expect
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F1a. 27.— The spectrum of SDSS J235003+241943. We classify
this source as a peculiar quasar.

due to Malmquist bias and due to the fact that it requires
higher extinction to redden a spectrum in the observed
optical range for a lower redshift source compared to a
higher redshift source.
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Fic. 28.— Estimated dust extinction, Ay, as a function of red-

shift for the confirmed quasars. Different marker shapes indicate
the spectral classifications of the quasars. The most highly extin-
guished objects are found predominantly at relatively low redshifts.

Based on their spectral characteristics, the confirmed
quasars are classified into 7 normal quasars (including
some that are obscured) and 11 broad absorption line
(BAL) quasars, and three peculiar quasars with very
weak emission lines. Among the BAL quasars, four ob-
jects are further classified as FeLoBAL quasars, identi-
fied by the presence of strong Fe II absorption features
in their spectra.

Fig.2 shows the distribution of all observed candidates
in the g — r versus J — K colour-colour diagram. The
quasars occupy a broad region of the colour-colour space,
extending beyond the main locus of optically selected
quasars. BAL quasars are predominantly located at
higher g — r values, occupying the upper part of the di-
agram. In contrast, the normal quasars cluster toward
lower g —r values, close to the region typically populated
by optically selected quasars.

4.4. Stars

Among the 17 spectroscopically observed candidates,
three objects are classified as late-type stars (stellar class
K and M). These stars are located close to the boundary
between the quasar and stellar loci in the g — r versus
J — K colour—colour diagram, consistent with their spec-
troscopic identification.

5. DISCUSSION

5.1. Theoretical and empirical structure of the
colour—colour diagram

As discussed in Sect. 2.2, the theoretical colour tracks
in the ¢ — r vs. J — K diagram derived from spec-
tral templates predict a relatively narrow stellar locus,
a lower quasar locus, and intermediate regions in which
the two populations approach or overlap. These predic-
tions formed the basis for the division of sources into
relatively clean stellar and quasar regions and more am-
biguous regions with significant overlap of sources of dif-
ferent nature.

The distribution of the full zero-proper-motion sample
in Fig. 29 provides an empirical test of this interpreta-
tion. Sources with W1 —W2 < 0.8 form a comparatively
narrow, vertically extended sequence that broadly fol-
lows the predicted stellar locus. There is also a clear
overdensity of points at the position expected for galax-
ies at around J — K = 1.0 and g — r = 0.8. In contrast,
sources satisfying the commonly used mid-infrared AGN
selection criterion, W1—-W?2 > 0.8, based on the criterion
proposed by Stern et al. (2012), are concentrated mainly
in the lower (in g —r) and redder (in J — K) parts of the
diagram, close to the regions occupied by the theoretical
quasar tracks. The broad correspondence between the
optical-near-infrared colour structure and the indepen-
dent mid-infrared criterion therefore supports the main
features predicted by the templates.

However, the separation is not complete. Sources on
both sides of the W1 — W2 = 0.8 threshold are present
in the central and transitional parts of the diagram. The
overlap is especially apparent in the regions where the
stellar sequence approaches the blue and average quasar
tracks, and where the red quasar tracks extend towards
colours also occupied by stars, as shown by the theoreti-
cal colour tracks in Fig. 2. Thus, neither the position in
the g—r versus J— K diagram nor the W1—W?2 criterion
alone provides an unambiguous classification throughout
the full colour space.

The comparison shows that some regions of the colour—
colour diagram provide a more reliable separation be-
tween stars and quasars than others. The relatively blue-
J — K part of the stellar sequence remains dominated by
sources with W1—W2 < 0.8, consistent with its interpre-
tation as a comparatively clean stellar region. Similarly,
the lower quasar locus contains a high concentration of
sources with W1 — W2 > 0.8 and can therefore be re-
garded as a relatively clean quasar region. Between these
areas, the presence of both mid-infrared populations in-
dicates that the transitional regions are more difficult to
classify using photometric colours alone.

These results show that the theoretical tracks provide
a useful first-order description of the source distribution,
while the mid-infrared information offers an independent
but imperfect empirical discriminator. Their combina-
tion identifies regions in which photometric classification



is relatively reliable, as well as regions in which spectro-
scopic follow-up remains essential.

The spectroscopic classifications of the selected targets
provide a more direct test of these regional interpreta-
tions and reveal a particularly notable difference between
quasars found in the clean and transitional parts of the
diagram.

g-r vs. J]-K (colored and shaped by W1-w2)
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FiGc. 29.— The g —r versus J — K color—color diagram of objects
selected from astrometric pre-selection. Objects with W1 — W2 >
0.8 (typically associated with quasars or AGNs) are shown as red
circles, while those with W1 — W2 < 0.8 (likely stars and galaxies)
are shown in blue.

5.2. BAL quasars and peculiar quasars in the
overlapping colour regions

Figure 30 shows the positions of the observed targets
in the g—r versus J — K and W1—W2 versus J — K dia-
grams, with marker shapes indicating their spectroscopic
classifications. The quasars are coloured by redshift in
the left panels and by the estimated dust extinction, Ay,
in the right panels.

The spectroscopic classifications are broadly consistent
with the expectations in the relatively well-separated re-
gions of the colour—colour diagram. The single target
observed in the star-safe region was confirmed to be a
star, while all three targets located in the lower part of
the traditional quasar-safe region in the g—r versus J— K
diagram were confirmed as normal quasars. In contrast,
the targets selected from the transitional regions show
much more diverse classifications, including stars, nor-
mal quasars, BAL quasars, and peculiar quasars. Strik-
ingly, only two of the 15 quasars confirmed in these more
ambiguous regions are normal quasars. All BAL and
peculiar quasars in our sample are located within these
transitional regions.

No simple redshift sequence is apparent in either
colour—colour plane. Quasars over a broad range of
redshifts occupy overlapping regions, while objects at
similar redshifts can have substantially different colours.
The displacement of BAL and peculiar quasars from the
normal-quasar locus therefore cannot be explained by
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redshift alone. The panels coloured by Ay show that
some of the reddest objects have relatively high esti-
mated extinctions, suggesting that dust reddening con-
tributes to their positions.

However, the relation between Ay and broad-band
colour is not one-to-one: quasars with comparable ex-
tinction values may occupy different parts of the dia-
grams, and some objects with low fitted extinction also
show unusual colours. The explanation for this distri-
bution is the complexity of the spectral features of the
BAL and peculiar quasars. For BAL quasars, their broad
line absorption features can suppress the flux of one or
more photometric bands and therefore alter the observed
broad band colours. This effect may shift some BAL
quasars away from the relatively clean quasar region into
the overlapping or transition parts of the colour—colour
diagram.

The peculiar quasars in our sample do not share a sin-
gle spectral characteristic that can explain their locations
in the colour—colour diagrams. Instead, they exhibit a
variety of departures from normal quasar spectra. These
include a pronounced continuum break blueward of Mg 1T
in SDSS J2140394-005705, unusually weak rest-frame ul-
traviolet emission lines in SDSS J225432+4-063826, and
the absence of prominent Mg II emission together with
a continuum poorly reproduced by a reddened quasar
template in SDSS J235003+241943. Such variations in
continuum shape and emission-line strength can affect
the flux measured in individual photometric bands, pro-
ducing unusual broad-band colours even when the fitted
dust extinction is modest. The locations of the peculiar
quasars therefore likely reflect their heterogeneous spec-
tral properties rather than a single effect such as redshift
or dust reddening.

The distribution of the BAL quasars and the pecu-
liar quasars in the photometrically ambiguous regions
demonstrates the value of deliberately sampling outside
the clean quasar locus. Selection methods optimized
for high purity may avoid this regions because of their
stronger stellar contamination, but may consequently
miss quasars with complex spectral properties. The re-
sult of this work suggests that BAL quasars may occur at
a relatively higher frequency than in the relatively clean
quasar region. However, the present sample is small and
was not selected to be statistically representative, so a
larger sample is required to test this possibility.

5.3. Unusual extinction properties in two low-redshift
BAL quasars

Among the BAL quasars in our sample, two objects,
SDSS J182859+643725 and SDSS J2317044-160807, ex-
hibit spectral properties that are particularly unusual.
In both cases, the observed flux at short wavelength falls
systematically below the best fitting reddened quasar
template. The SMC-like extinction curve cannot simul-
taneously reproduce the longer wavelength continuum
and the suppression towards the blue.

Part of this discrepancy may be related to the broad
absorption features themselves. However, the strongest
absorption features in these two spectra are mainly
located at longer observed wavelengths, as shown in
Fig. 31, whereas the shorter-wavelength continuum is
systematically suppressed relative to the reddened tem-
plate without comparably prominent absorption fea-
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Colour—colour diagrams showing the locations of the spectroscopically observed targets. The top panels show g — r versus

J — K, while the bottom panels show W1 — W2 versus J— K. Marker shapes indicate the spectroscopic classifications of the targets. In the
left panels, quasars are coloured according to their redshifts, while in the right panels they are coloured according to their estimated dust
extinctions, Ay . Grey background points represent objects in the full zero-proper-motion sample. Stars are shown using a fixed colour,
since redshift and quasar extinction estimates are not applicable to them.

tures. Their absorption features are located blueward
of Balmer and Helium lines, which is unusual for BAL
quasars (Leighly et al. 2025).

One possible explanation is that the dust extinction
towards these quasars differs from the SMC-like law
adopted in the fitting. A steeper extinction curve would
produce stronger attenuation at short wavelengths while
leaving the longer-wavelength continuum comparatively
less affected, and could therefore provide a better qual-
itative description of the observed spectral shape. A
similarly steep extinction law has previously been sug-
gested for reddened quasars for which an SMC-like curve
could not reproduce both the optical spectra and the
near-infrared photometry (Fynbo et al. 2013). Such a
steep extinction curve may, in principle, be associated
with a dust-grain population weighted towards smaller
grains, which absorb and scatter short-wavelength radi-
ation more efficiently.

5.4. SPHEREx

Finally we note that SPHEREx spectra are extremely
useful for this kind of work as they provide extra fea-

tures for redshift determination. In some case this was
crucial for identifying the correct redshift (e.g., the case
of SDSS J212319+254131).

6. CONCLUSIONS AND OUTLOOK

We investigated 24 quasar candidates selected using
Gaia astrometry and multi-wavelength photometry, with
targets sampled from both relatively clean and transi-
tional regions of the g — r versus J — K colour—colour
diagram. Spectroscopic observations confirm 21 quasars
and three stars. The quasars span z = 0.139-3.732 and
have estimated extinction values of Ay = 0-1.7. Seven
are classified as normal quasars (one of which is remi-
niscent of an LRD), 11 as BAL quasars, and three as
peculiar quasars with weak emission lines.

The classifications in the relatively clean regions agree
with the theoretical expectations: the single target se-
lected from the stellar region was confirmed as a star,
while all four targets selected from the safe quasar re-
gion were confirmed as normal quasars. In contrast, the
transitional regions contain both stars and quasars, and
all ten quasars confirmed there are BAL quasars. This
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F1G. 31.— Observed spectra of SDSS J182859+4643725 (top) and
SDSS J231704+4160807 (bottom), compared with their best-fitting
reddened quasar templates. The blue and orange curves show
the spectra obtained with ALFOSC Grism 4 and Grism 20, re-
spectively, while the red curves represent the best-fitting reddened
quasar templates scaled as in Fig. 4 and Fig. 21, respectively. The
vertical dashed lines indicate the expected observed wavelengths
of the labeled spectral features. The grey shaded regions mark
wavelength intervals affected by telluric absorption, where the at-
mospheric transmission is below 0.92. In both objects, the ob-
served continua fall systematically below the templates at short
wavelengths, whereas the most prominent absorption troughs oc-
cur mainly at longer observed wavelengths. In particular, the sim-
ilar mismatch at the blue end of both spectra cannot readily be
explained by the prominent absorption troughs alone and may in-
dicate an extinction curve steeper than the SMC-like curve adopted
in the fitting.

suggests that BAL quasars may occur more frequently
in photometrically ambiguous regions, although a larger
and more systematic sample is required to test this pos-
sibility.

The addition of near-infrared spectra from SPHEREx
was particularly useful in confirming redshifts when opti-
cal spectra were complex or difficult to interpret, includ-
ing SDSS  J182859+4-643725, SDSS J1941434-610107,
SDSS J212319+4254131 and SDSS J214039+005705.

4 https://www.astropy.org
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Two BAL quasars also show unusually suppressed blue
continua that cannot be reproduced well by the adopted
SMC-like reddened template. A steeper extinction curve
may provide a possible explanation.

Overall, our results show that combining astrometric
selection, colour—colour sampling, and optical and near-
infrared spectroscopy is effective for identifying quasars
with unusual absorption and reddening properties.

Starting this year, the Purely Astrometric Quasar Sur-
vey (PAQS, Krogager et al. 2023) will start building up
a sample of of order 300.000 sources selected from Gaia
astrometry down to a Gaia G magnitude limit of 20.5
and followed up spectroscopically with the 4MOST in-
strument in Chile. This survey will sample the whole
colour space (including the position of the stellar track)
and will hopefully give us a clean census of the quasar
population down to the survey flux limit.
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