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ABSTRACT

Context. Time-delay cosmography (TDC) using quasi-stellar objects (QSOs) multiply lensed by galaxies has recently emerged as
an independent and competitive tool for measuring the value of the Hubble constant. Lens galaxy clusters hosting multiply imaged
QSOs, when coupled with an accurate and precise knowledge of their total mass distribution, are equally powerful cosmological
probes. However, fewer than ten such systems have been identified to date.
Aims. Our study aims to expand the limited sample of cluster-lensed QSO systems by identifying new candidates within rich galaxy
clusters.
Methods. We started with a sample of approximately 105 galaxy cluster candidates from Dark Energy Survey and Wide-field Infrared
Survey Explorer imaging data, along with a pure catalogue of over one million QSOs from Gaia DR3. We cross-correlated these
datasets to identify lensed QSO candidates near the cores of massive galaxy clusters.
Results. Our search detected three lensed double candidates across an area of ≈5000 sq degree. In this work, we focus on the best
candidate – a double QSO with a Gaia-based redshift of 1.35, projected behind the moderately rich cluster WHJ0400-27 at zphot =
0.65. Based on a first spectroscopic follow-up study, we confirm the two QSOs at z = 1.345 with indistinguishable spectra, and
a brightest cluster galaxy at z = 0.626. These observations support the strong lensing nature of this system, though some tension
arises when the cluster mass from the preliminary lens model is compared to other mass proxies. We also considered whether such a
system could be a rare physical association of two distinct QSOs separated by a projected physical distance of ≈150 kpc. If further
spectroscopic observations confirm its lensing nature, such a rare lens system would exhibit one of the largest image separations
observed to date (∆ϑ = 17.8′′) and would enable interesting TDC applications.
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1. Introduction

The Hubble constant (H0) stands as a pivotal cosmological
parameter defining the dimensions, age, and expansion rate
of the Universe. The increased precision in its determination
has revealed significant discrepancies between estimates derived
from observations in the local Universe and those derived
from early Universe probes (Verde et al. 2019; Moresco et al.
2022). Independent and complementary techniques for measur-
ing the value of H0 are crucial to assessing this tension, as they

? Corresponding author; bzzlnz@unife.it

may point to new physics beyond the standard cosmological
model.

Refsdal (1964) predicted that time delays between multiple
images of strongly lensed supernovae (SNe) or variable sources
such as quasi-stellar objects (QSOs) could offer a novel method
for measuring the value of H0. Since then, time-delay cosmogra-
phy (TDC) has matured into a technique that provides compet-
itive estimates of this parameter. In particular, QSOs strongly
lensed by galaxies have been utilised by the H0 Lenses in
COSMOGRAIL’s Wellspring (H0LiCOW) program (Suyu et al.
2017) to measure H0 with 2.4% precision through a joint anal-
ysis of six gravitationally lensed QSOs (Wong et al. 2020), each
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providing measurements with precisions ranging from 3.6 to
9.3%.

On the other hand, while largely unexploited to date, the
use of time-varying sources strongly lensed by galaxy clusters
as a complementary technique has recently proven its sheer
potential. SN Refsdal, discovered by Kelly et al. (2015) to be
strongly lensed by the galaxy cluster J1149.5+2223 in the MAs-
sive Cluster Survey (MACS), led Grillo et al. (2024) to infer the
value of H0 with a 6% (statistical plus systematic) uncertainty.
They used a full strong-lensing (SL) analysis, which included
the measured time delays between the multiple SN images and
their associated uncertainties (see also Grillo et al. 2018, 2020).
This study also demonstrated that time delays in lens galaxy
clusters are a valuable and complementary tool for measuring
both H0 and the geometry (Ωm, ΩDE, and w) of the Universe,
by exploiting the observed positions of other multiply lensed
sources at different redshifts. These allow for a significant reduc-
tion in the mass-sheet degeneracy, which plagues TDC with
galaxy-scale lens systems (Birrer et al. 2016; Grillo et al. 2020;
Moresco et al. 2022).

As estimated by Treu et al. (2022), a sample of about 40
lensed QSOs or SNe could produce a H0 measurement with
a precision of approximately 1%. This can be extremely rele-
vant for assessing H0 tension. However, fewer than ten QSOs
strongly lensed by galaxy clusters have been discovered to
date (Inada et al. 2003, 2006; Dahle et al. 2013; Shu et al. 2018,
2019; Martinez et al. 2023; Napier et al. 2023). Expanding the
sample is therefore of paramount importance and can guide
the search for such rare systems in upcoming wide-field sur-
veys, such as Euclid (Euclid Collaboration: Adam et al. 2019)
and the Vera C. Rubin Large Synoptic Survey Telescope (LSST;
Ivezić et al. 2019). Other studies (e.g., Dutta et al. 2024) use
QSOs strongly lensed by galaxy clusters to probe the circum-
galactic medium and investigate the distribution and coherence
of metal-enriched gaseous structures.

As part of a search for Gaia QSOs gravitationally lensed
by galaxy clusters, we present the discovery of a QSO pair
(zGaia ' 1.35) potentially lensed by a relatively rich Dark Energy
Survey (DES) galaxy cluster at z ' 0.63. If confirmed, the image
separation of ∼18′′ would make it one of the largest separa-
tion systems among lensed QSOs known to date. We also con-
sidered the possibility that this system is a dual active galactic
nucleus (AGN) (e.g. Hennawi et al. 2006; Mannucci et al. 2023).
Such a system is often considered a candidate for supermas-
sive black-hole mergers, making it very rare given the remark-
able similarities between the two QSO spectra. The data and the
implemented search algorithm used in our study are detailed
in Sect. 2. In Sect. 3 we present the follow-up ground-based
spectroscopy, which makes this candidate a likely gravitation-
ally lensed QSO, along with a preliminary SL model of the lens
galaxy cluster. In Sect. 4 we discuss the challenges posed by the
SL interpretation. In Sect. 5 we summarise our findings for and
against the SL scenario.

Throughout the paper, we assume a flat Lambda cold dark
matter cosmology with ΩΛ = 0.7, Ωm = 0.3, and H0 =
70 km s−1 Mpc−1. Magnitudes are reported in the absolute bolo-
metric (AB) system, unless otherwise noted.

2. Data and method

We searched for strongly lensed QSOs by cross-matching a
sample of galaxy cluster candidates derived from DES imaging
data (Wen & Han 2022) with a pure Gaia Data Release 3 (DR3)
QSO catalogue (Gaia Collaboration 2023).

To identify galaxy clusters, Wen & Han (2022) combined
DES optical data (Dark Energy Survey Collaboration 2016),
covering ≈5000 deg2 of the southern sky, with mid-infrared
data from the Wide-field Infrared Survey Explorer (WISE;
Wright et al. 2010; Lang 2014; Schlafly et al. 2019) all-sky sur-
vey. The final catalogue contains 1.5 × 105 galaxy cluster candi-
dates with photometric redshifts of up to z ' 1.5. Clusters were
selected based on over-densities of galaxy stellar mass within a
given photometric redshift slice, using a nearest-neighbour algo-
rithm.

The Gaia DR3 QSO catalogue (Gaia Collaboration 2023)
contains a total of 6.6 × 106 candidates, classified according to
parallax, proper motion, BP/RP spectra, brightness, and/or vari-
ability. For our analysis, we used a pure subsample consisting
of 1.7 million objects with spectro-photometric redshifts, char-
acterised by a magnitude G . 20.5 and a purity of 95% as esti-
mated by the Gaia collaboration. The redshifts of the QSOs were
computed using a χ2 approach applied to Gaia’s low-resolution
BP/RP spectra and compared to a Sloan Digital Sky Survey
(SDSS) composite spectrum.

We then cross-matched the galaxy cluster and QSO cata-
logues, searching for clusters with:
1. At least two QSOs within 1′ of the cluster centre and located

behind the cluster, defined as (zQSO − zCL)/σQSO−CL
z > 2,

2. A QSO separation <30′′, and
3. QSOs with consistent redshifts, defined as
|zQSO−A − zQSO−B|/σ

QSOs
z < 1,

where σz represents the propagated uncertainty.
The search identified a total of three candidate lensed QSO

pairs across ≈5000 deg2, highlighting the extraordinary rarity of
these systems. Interestingly, the rate of ∼1 bright multiply lensed
QSO per 1000 deg2 aligns with the number of QSOs with sepa-
rations >10′′ found in the SDSS (Inada et al. 2003).

3. Results

Based on these findings, we describe in this section the proper-
ties of the most likely lens system and the follow-up spectro-
scopic study of the two QSOs, carried out with two different
spectrographs. Finally, we present a preliminary SL model and
describe the search for the third QSO counter-image predicted
by the model.

3.1. Lensed QSO candidate

The most likely lens system shows two candidate multiple QSO
images with a redshift of zQSO,Gaia ' 1.35 lensed by the DES
galaxy cluster WHJ040011.7-270711 (hereafter WHJ0400-27)
at zphot,DES = 0.65, shown in Fig. 1. The physical properties
of the two QSOs, hereafter QSO-A and QSO-B, are presented
in Table 1 (Gaia Collaboration 2023). We refer to this system
as QSO 0400–27. The two putative multiple images are sep-
arated by ∆ϑ = 17.8′′, at a projected distance of 31.5′′ and
24.5′′ from the brightest cluster galaxy (BCG) of WHJ0400-
27 ((RA,Dec)J2000 = (60.04888,−27.11959) deg). Wen & Han
(2022) also provide a catalogue of 11 photometrically identi-
fied cluster members associated with this cluster, which they
obtained directly from the cluster-finding algorithm.

By comparing our system with the list provided
by Martinez et al. (2023, see their Table 3), we find that,
if confirmed, QSO 0400-27 would rank as the fifth-largest-
separation lensed QSO known to date. This ranking also takes
into account the most recent QSO found by Napier et al. (2023).
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Fig. 1. Ground-based 140′′ × 140′′ DES g, r, y + z image of the galaxy
cluster WHJ0400-27, with coordinates centred on the BCG (zcl,spec =
0.626, (RA,Dec)J2000 = (60.04888,−27.11959) deg). The cyan and red
circles indicate the QSO pair (zspec = 1.345). The candidates for the
third QSO image, with colours consistent with those of the QSOs, are
enclosed by magenta squares (ID1-4-5-6). The dotted green rectangle
represents the approximate region where the lens model predicts the
position of the third image. Photometric cluster members are marked
with orange circles. The dashed white line is the critical line predicted
by the best-fit lens model at the QSO redshift.

3.2. Spectroscopic confirmation of the multiple QSO images

To confirm the nature of this double QSO system, we obtained
the first long-slit spectra of QSO-A and QSO-B using the
Alhambra Faint Object Spectrograph and Camera (ALFOSC,
Djupvik & Andersen 2010), mounted at the 2.56 m Nordic Opti-
cal Telescope (NOT) at Roque de los Muchachos Observatory
in La Palma, Spain, and the European Southern Observatory
(ESO) Faint Object Spectrograph and Camera v2 (EFOSC2,
Buzzoni et al. 1984), mounted at the 3.58 m New Technology
Telescope (NTT) in Chile.

QSO-A and QSO-B were spectroscopically observed on
November 15, 2023, with the ALFOSC/NOT instrument (pro-
gramme ID 68-404, PI Bazzanini). The total integration time was
1 h (on-target), and a 1′′-wide long slit was used, dispersed by
grism #3 (covering a wavelength range of 3200–7070 Å), with
a resolution of R ' 350 and a dispersion of 2.3 Å pixel−1. The
average seeing was 0.6′′ during the observation, with an average
air mass of 2.1.

Both QSOs were also observed on February 12, 2024, using
the EFOSC2/NTT (programme ID 112.25CT, PI Mannucci) to
obtain a higher signal-to-noise ratio (S/N) and longer wavelength
coverage. The total integration time was 45 min (on-target), and
a 1′′-wide long slit was used, dispersed by grism #4, covering a
wavelength range between 4085 and 7520 Å, with a resolution
of R ' 460, a dispersion of 1.68 Å pixel−1, an average seeing of
0.9′′ during the observation, and an average air mass of 1.1.

We reduced all our data using the PypeIt data reduction
pipeline (Prochaska et al. 2020), a Python package for the semi-
automated reduction of astronomical spectroscopic data. We
then flux-calibrated the NTT data using the standard star GD108

within the same pipeline. Due to the lack of spectroscopic stan-
dard observations with the adopted grism, we could not perform
the flux calibration of the NOT spectra.

The reduced QSO spectra from the NOT and the NTT are
shown at the top and bottom of Fig. 2, respectively. The S/N
per pixel ranges from 5 to 8 (depending on wavelength) and
is slightly higher in the NTT data. These observations sug-
gest that the two QSO spectra are identical, with no measur-
able velocity shift. They have the same continuum shape, dust
extinction, emission line shape, and line flux ratios. Indeed, a
cross-correlation between the spectrum of each of the two QSOs
and an SDSS QSO spectrum template extracted with the PAN-
DORA Easy Z package (Garilli et al. 2010) yields the same red-
shift within δzNOT = 2 × 10−3, δzNTT = 3 × 10−4, resulting in
zNOT

QSO,spec = zNTT
QSO,spec = 1.345 and confirming the values estimated

in the Gaia catalogue. Moreover, the cross-correlation between
the two observed QSO spectra (shown in the two insets in Fig. 2)
peaks at ∆zNOT = (3 ± 8) × 10−4 and at ∆zNTT = (3 ± 2) × 10−4.
The errors on the cross-correlation peak were estimated using a
bootstrap procedure, which utilised 100 realisations of the QSO
spectra by sampling the error spectrum from the data reduction
pipeline. These values of ∆z, which correspond to a rest-frame
velocity difference of ≈40 km/s, are therefore fully consistent
with zero. This implies no detectable velocity shift between the
two spectra, supporting the SL nature of the event.

The bottom panel of each plot in Fig. 2 shows the mean-
subtracted relative flux difference of the two QSOs. This shows
a rms of 7% and 9% for the NOT and NTT case, respectively,
supporting the conclusion that the two QSOs have highly simi-
lar spectral properties. We note that differential flux calibration
errors generally lead to longer-wavelength residuals, which is
particularly evident in the NOT spectra.

The NOT spectra in Fig. 2a show some steepening on
the blue side for QSO-A, while the NTT spectra do not.
We can attribute this effect to differential atmospheric refrac-
tion (Filippenko 1982). We verified that it affects the NOT obser-
vations in a stronger fashion, due to the high air mass and the slit
orientation being far from the parallactic angle. If the QSOs are
not equally centred on the slit, this can lead to differential flux
losses on the blue side of the spectra.

A close inspection of the NTT spectra in Fig. 2b also indi-
cates that, assuming an optimal flux calibration across the entire
wavelength range, the CIII and MgII emission peaks are of com-
parable strength for QSO-B, whereas for QSO-A they differ in
strength by ≈ 15%. Should improved spectral observations con-
firm this discrepancy, it may, in the context of the SL scenario,
result from differential levels of dust extinction and/or chromatic
microlensing effects (e.g. Sluse et al. 2012).

An additional NOT spectrum, taken on December 2, 2023
(programme ID 68-404, PI Bazzanini), also confirmed the DES
photometric redshift of the BCG, yielding zCL,spec = 0.626 (see
Fig. 3). The total integration time was 1 h (on-target). Obser-
vations were performed using a 1.8′′-wide long slit, dispersed
by grism #7 (covering the wavelength range 3650–7110 Å).
The spectral resolution was R ' 650, with a dispersion of
1.7 Å pixel−1, and the average seeing was 0.9′′ during the
observation.

3.3. Strong lensing modelling

Assuming that the two QSOs are multiple images of the same
background source, the SL model is inevitably poorly con-
strained, owing to the lack of additional multiple images and
spectroscopic information of cluster member galaxies (with the
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Table 1. Properties of the multiple QSO images based on Gaia DR3.

Object RA (†) Dec (†) z(∗)
Gaia Mean G (‡) Mean BP (‡) Mean RP (‡) P(ℵ)

QSO ∆θ (?)

QSO-A 60.039429 −27.116843 1.351 ± 0.011 19.812 ± 0.004 20.01 ± 0.04 19.52 ± 0.05 100% 31.5′′
QSO-B 60.041497 −27.121429 1.35 ± 0.02 20.227 ± 0.005 20.41 ± 0.06 19.82 ± 0.07 99.8% 24.5′′

Notes. Data from Gaia Collaboration (2023). (†)Right ascension and declination in degrees. All celestial coordinates are given in J2000. (∗)Gaia
spectro-photometric redshifts. (‡)G, BP, and RP Gaia magnitudes. (ℵ)Gaia QSO classification probability. (?)Angular separation of the QSO from
the BCG.

exception of the BCG). The configuration of the double QSO
suggests the existence of a third, less magnified, multiple image
to the south of the BCG. To search for such an image, we built
a preliminary SL model by using a single cluster-scale halo
with an elliptical total mass distribution centred on the BCG.
To this end, we used newly developed lens modelling software,
Gravity.jl (Lombardi 2024), and independently validated the
results with the public software lenstool (Kneib et al. 1996;
Jullo et al. 2007; Jullo & Kneib 2009). For the cluster halo, we
specifically adopted a non-singular isothermal ellipsoid with
velocity dispersion, core radius, axis ratio, and position angle as
free parameters; large flat priors were assumed on these param-
eters, and no priors were adopted on the position of the third
image. The range of the flat priors on the free parameters used
during the Monte Carlo Markov chain (MCMC) optimisation
was:

– Velocity dispersion: σ ∈ [100, 3000] km/s;
– Core radius: s ∈ [10−4, 50] arcsec;
– Axis-ratio: q ∈ [0.5, 1];
– Position angle (clockwise from north): θ ∈ [−π/2, π/2].

We used a 0.1′′ positional uncertainty for QSO-A and QSO-B.
The model optimisation yielded the following formal values

for the median and the 1σ errors: σ = 2327+174
−98 km/s, s = 28+10

−6
arcsec, and q = 0.6+0.1

−0.1, θ = −0.8+0.3
−0.2 rad. The optimised model

predicts a magnitude difference ∆GAB ≈ 0 between QSO-A and
QSO-B, whereas the observed Gaia value is ∆GAB ≈ 0.4. We
note that by using the QSOs’ flux ratio as an additional model
constraint, mass models with high ellipticities are preferred in
the optimisation. In Fig. 1 we include a dotted green rectangle
representing the approximate region where the third image is
predicted by the lens model, based on the positional distribution
of 5000 MCMC samples of the posterior parameters.

We also carried out an independent search for third image
candidates by selecting point-like sources with colours consis-
tent with those of QSO-A and QSO-B in the four-dimensional
colour space (g − r, r − i, i − z, and z − y). This search
was performed using the DES DR2 five-band photometric cat-
alogue (Abbott et al. 2021) and led us to identify four possible
candidates (see the magenta squares in Fig. 1). One of these, ID5,
has the smallest rms colour difference in the four-dimensional
colour space (∆m = 0.08 ± 0.06) with respect to the QSOs, and
appears unresolved under the 1.2′′ seeing conditions. If the third
image were confirmed through follow-up spectroscopic observa-
tions within the predicted region shown in Fig. 1, QSO 0400-27
would qualify as one of the largest-separation strongly lensed
QSOs ever observed.

However, two critical aspects emerge from the predictions
based on this poorly constrained (i.e., four free parameters but
two constraints) model: i) The third image is predicted to be
1.1 ± 0.3 mag fainter than QSO-A. In contrast, ID5, with gDES '

22.6, appears to be ≈2.4 mag fainter (gDES,QSO−A ' 20.2), mak-
ing it a less convincing candidate. ii) The lens model predicts
an encircled cluster mass within 30′′ (≈205 kpc at z = 0.63) of

(3±1) ×1014 M�. This would make it particularly massive com-
pared to the DES richness parameter (Wen & Han 2024) and,
more importantly, to the independent limits inferred from X-ray
and Sunyaev–Zeldovich (SZ) surveys. We discuss this point fur-
ther in the next section.

4. Discussion

Even though the strong similarities between the two QSO spec-
tra suggest that this system is two multiple images of the same
background QSO, lying behind a relatively rich galaxy cluster
at z = 0.626 (see the BCG spectrum in Fig. 3), we also con-
sidered the possibility that the QSO 0400-27 system is a pro-
jected physical association of two QSOs. In the simplified case
where the deflection contribution of the intervening lens clus-
ter is entirely neglected, the observed two-dimensional sepa-
ration of approximately 18′′ would correspond to a maximum
projected physical distance of ≈150 kpc, at z = 1.345, for two
distinct QSOs. Several studies have focused on the search for
dual AGNs over a wide range of physical separations, from
kiloparsec scales (Chen et al. 2022; Mannucci et al. 2023) to
>10 kpc and up to 150 kpc (Hennawi et al. 2006; Liu et al. 2011;
Eftekharzadeh et al. 2017). A number of dual QSOs with veloc-
ity differences (<100 km/s) and separations (∼100–150 kpc)
similar to those in our system have been identified. How-
ever, their spectra show noticeable differences, contrary to what
we observe. The system with the most similar characteristics
to QSO 0400-27 is SDSS J1010+0416 (Hennawi et al. 2006),
which consists of two QSOs at z = 1.52 separated by ≈150 kpc.
The rest frame velocity difference of SDSS J1010+0416 based
on the MgII emission line is ≈40 km/s, even though the two
MgII lines appear to have different widths. In contrast, the CIII
lines show a velocity offset of ≈2000 km/s. For QSO 0400-27
we detect no shifts in both the CIII and MgII lines (∆vrest .
40 km/s).

As mentioned above, there is a noticeable tension when com-
paring the encircled lensing mass to M500 estimated from optical
mass proxies. This comparison, however, is affected by signif-
icant systematic errors arising from the uncertain extrapolation
of the SL mass to much larger radii as well as from uncertain-
ties in the cluster mass calibration based on richness parame-
ters. In this respect, a more meaningful test would be to check
whether X-ray emission is expected in the extended ROent-
gen Survey with an Imaging Telescope Array (eROSITA) sur-
vey data (Predehl et al. 2021) based on the estimated lensing
mass of WHJ0400-27. To this end, we inspected the eROSITA
All-Sky Survey (eRASS) catalogue of 12 247 clusters published
in Bulbul et al. (2024). Neither our system nor the two QSOs are
detected, which would be blended in the eROSITA point spread
function. By estimating a lower limit for the X-ray luminosity
(LX [0.2−2.3 keV] ≈ 1044 erg s−1, within their adopted R500) in
the vicinity of WHJ0400-27 – using the flux limit in that sur-
vey region and the cluster redshift – we find that a cluster with
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Fig. 2. Spectra of the two lensed QSO candidates (A and B, respec-
tively in cyan and red) from NOT/ALFOSC (top) and NTT/EFOSC2
(bottom). The green curve is an SDSS QSO spectrum template. The
vertical dotted lines (4475.97 Å, 5454.47 Å, and 6563.07 Å) represent
the positions of emission lines of the corresponding ions redshifted
to zQSO,spec = 1.345 of CIII] (1908.73 Å), CII] (2326 Å), and MgII
(2798.75 Å), respectively. The two top-right insets show the cross-
correlations of the QSO-A and QSO-B spectra. The bottom panel in
each plot (blue line) shows the mean-subtracted relative flux difference
of QSO-A with respect to QSO-B, the dashed red lines representing its
rms. The grey bands highlight spectral regions with prominent sky emis-
sion lines, corresponding to significant residuals in the sky subtraction.

a mass in excess of M500 ≈ 5 × 1014 M� should be detected in
the eRASS data. This seems to be in tension with the SL mass
extrapolated to R500, which we estimate as M500 ≈ 8 × 1014 M�
using the best-fit mass-density profile from our lens model. How-
ever, these estimates are affected by significant systematic uncer-
tainties.

As a further point of consideration, we note that our cluster
is not detected in the Atacama Cosmology Telescope (ACT) SZ

5500 6000 6500 7000
Wavelength [Å]
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Fig. 3. NOT/ALFOSC 60 min (on-target) spectrum of the WHJ0400-27
BCG (black line). The red line is a redshifted early-type galaxy (ETG)
spectrum template, which provides a significant cross-correlation peak
at z = 0.626. The vertical dashed blue lines represent the positions of
the redshifted CaII K and H absorption lines (3933.7 Å and 3968.5 Å).

survey from the DR5 Multi-Component Matched Filter (MCMF)
cluster catalogue (Klein et al. 2024), where several clusters at
similar redshifts have been identified with masses down to
M500 ≈ 2 × 1014 M�. Both the X-ray- and SZ-based mass lower
limits seem to indicate a tension with the lens-model-based
mass, which, at face value, is a factor of ≈2−4, notwithstand-
ing all the uncertainties in the quoted mass values.

5. Conclusion

As part of a search for Gaia QSOs gravitationally lensed by
galaxy clusters, we present the discovery of a pair of QSOs sep-
arated by ∆ϑ = 17.8′′ at zQSO,spec = 1.345 with remarkable
spectral similarities lying in the projected vicinity of the galaxy
cluster candidate WHJ0400-27 at zCL,phot = 0.63. Our two inde-
pendent spectroscopic studies, carried out with the ESO/NTT
and NOT telescopes, show indistinguishable spectra for the two
QSOs. There is no measurable redshift difference (below the
third decimal digit), and the continuum, emission line shapes,
and line flux ratios are all very similar (see Fig. 2).

We first investigated the SL scenario by building a model
of the optically selected cluster using a single-component mass
distribution centred on the BCG (zBCG,spec = 0.626). We used
the position of the two QSOs – located at projected distances of
31.5′′ and 24.5′′ from the BCG – as the only model constraint.
This model predicts the existence of a third lensed image, which
remains to be found among a number of candidates selected
from sources with similar morphologies and colours. Notably,
our poorly constrained lensing model predicts a cluster mass
that appears to be higher (by a factor 2–4) than mass upper lim-
its obtained from the lack of X-ray and SZ detections in the
eROSITA and ACT surveys, respectively. Even though system-
atic uncertainties remain large when comparing the SL mass of
WHJ0400-27 to that inferred from other mass proxies (richness,
X-rays, and SZ), this raises questions about the lensing nature
of the QSO pair. Interestingly, studies of several other SL sys-
tems on galaxy scales face similar challenges (e.g. Anguita et al.
2018; Lemon et al. 2022). It is therefore worth exploring the
possibility that QSO 0400-27 represents a physical association
of two QSOs, separated by approximately 150 kpc in projec-
tion behind WHJ0400-27, but outside the SL regime. While dual
AGNs with such large separations and small velocity shifts are
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rare, the few observed have been found with noticeable differ-
ences in their spectra (e.g. line widths; see Hennawi et al. 2006).
We therefore conclude that the combination of physical sepa-
ration and nearly identical spectra would make our dual QSO
system rather unique.

Planned follow-up spectroscopic and imaging observations
will be crucial to significantly improving the modelling con-
straints of the lens cluster, specifically by identifying the pre-
dicted third image and by confirming a sizable number of cluster
galaxies. Should we be able to confirm the gravitational lensing
nature of our system, QSO 0400-27 has the potential to become
the largest-separation lensed QSO known to date, holding great
promise for TDC applications.
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