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ABSTRACT

pPh.GA] 1 Dec 2025

We report the discovery of a doubly-imaged Little Red Dot (LRD) candidate behind the galaxy cluster Abell 383, which we dub A383-LRD].
1 Initially classified as a dropout galaxy in HST imaging with several ground-based emission line detections placing it at zgee = 6.027, new
@) JWST/NIRCam observations taken as part of the cycle 4 VENUS survey now reveal that the source consists of two underlying components: A red
> point-source with a V-shaped SED (consistent with LRD selection criteria, and a nearby (~ 380 pc) compact blue companion which was the main
% contributor to the previous rest-frame UV detections. Based on lensing symmetry and its SED, the LRD appears to lie at a similar redshift as well.
The magnification of the two images of A383-LRD1 is ux = 16.2 + 1.2 and ug = 9.0 + 0.6, respectively, and the predicted time delay between
—them is Atgray = 5.20 £ 0.14 yr (~ 0.7 yr in the rest-frame). After correcting for the lensing magnification, we derive an absolute magnitude of
— Myyirp = —16.8 + 0.3 for the LRD, and Myygc = —18.2 + 0.2 for the blue companion. We perform SED fits to both components, revealing the
> LRD to be best fitted with a black hole star (BH*) model and a substantial host galaxy, and the blue companion with an extremely young, emission-
line dominated star-forming nebula. A383-LRD1 represents the second known multiply-imaged LRD detected to date, following A2744-QSO1,
and to our knowledge, the first LRD system with a confirmed detection of [C11]4158 pm emission from ALMA observations. Thanks to lensing
magnification, this system opens a unique door to study the relation between a LRD, its host galaxy, and its environment, and represents a prime

Al candidate for deep JWST spectroscopy and high-resolution ALMA follow-up observations.

(@) Key words. Quasars: emission lines — Galaxies: high-redshift — Gravitational lensing: strong — Quasars: individual: A383-LRD1 — Quasars:
(\i supermassive black holes

i

LO
(N 1. Introduction emission. Initially thought to be strongly dust-obscured AGN
S Li (e.g., Furtak et al. 2024; Greene et al. 2024), lack of infrared
.— Little Red Dots (LRDs) represent a new class of compact and (IR) dust emission (e.g., Akins et al. 2024; Setton et al. 2025;
> extremely red, mostly high-redshift (z 2 4) sources discovered | o\ no et a]. 2025) and the discovery in higher resolution spec-
with the JWST (e.g., Kocevski et al. 2023; Harikane et al. 2023; 1 of sjonificant absorption near the broad Balmer lines (e.g., Ji
Furtalf et al. 2023a; Matthee et al. 2024; Gret?ne et al. 20245 o qy. 2025b; D’Eugenio et al. 2025) of LRDs, as well as extreme
Labbé et al. 2025). Many hundreds of LRD candidates have been  pa1mer-breaks that could not be explained with stars (e.g., Naidu
detected vto date (e.g., Kokorev et al. 2024; Labbé et al. 2025; et al. 2025; de Graaff et al. 2025), suggest that LRDs consist of
Kocevski et al. 2025), out oz~ 9-10 (e.g.., Taylor et al. ,2025 > an AGN enshrouded in a dense and possibly turbulent shell of
Tanaka et al. 2025), and with some analogs in the local Universe Hydrogen gas (e.g., Inayoshi & Maiolino 2025; Madau 2025;
(e.g., Linetal. 2025; Ji et al. 2025a). LRDs show unique spectral  p, . cci & Narayan 2024); often referred to as the ‘Black Hole
features such as a V-shaped SED (e.g., Setton et al. 2024; Labbé g, (BH*; e.g., Naidu et al. 2025) model. At the time of writ-
et al. 2025) and have broad emission lines (e.g., Kocevski et al. ing, this BH* model with varying degrees of host-galaxy contri-
2023; Matthee et al. 2024; Furtak et al. 2024; Greene et al. 2024)  pyiong likely represents the most commonly accepted model for
typical of type 1 active galactic nuclei (AGN), but they lack LRDs (e.g. ?).

significant X-ray (e.g., Lambrides et al. 2024; Yue et al. 2024;

Maiolino et al. 2025a) and radio (e.g., Gloudemans et al. 2025) Gravitational lensing has played a critical role in studying
LRDs. One of the first archetypes for a LRD is A2744-QSOl1
* e-mail: golubmir@post.bgu.ac.il at z = 7.04 (Furtak et al. 2023a, 2024), lensed and multiply

Article number, page 1 of 11


https://arxiv.org/abs/2512.02117v1

A&A proofs: manuscript no. SecondLRD_V2

imaged by the galaxy cluster Abell 2744. Thanks to the lens-
ing magnification, A2744-QSO1 led to the most stringent up-
per limit on the size of a LRD to date (r << 30pc) (Furtak
et al. 2023a), which cemented the AGN nature of LRDs early
on and suggested the complete absence of a host-galaxy in this
object (e.g., Furtak et al. 2024; Ji et al. 2025b; JuodZbalis et al.
2025). With the often decades-long arrival-time delays between
multiple images, it also becomes possible to probe the variabil-
ity of AGN over long time scales in a much shorter monitoring
time (e.g., Williams et al. 2021; Golubchik et al. 2024), which
led, for example, to the detection of spectroscopic variability in
A2744-QSO1 (Ji et al. 2025b; Furtak et al. 2025). More recently,
JuodZbalis et al. (2025) made an attempt to dynamically measure
the black hole mass in A2744-QSO1, an unprecedented feat at
such a high redshift (z = 7), only made possible with JWST and
by strong-lensing (SL) magnification.

So far, however, the sample of lensed LRDs is limited to only
a few (e.g., Kokorev et al. 2023; Greene et al. 2024; Killi et al.
2024; Tripodi et al. 2024), and only one of those is multiply-
imaged, A2744-QSO1 Furtak et al. (2024), although a couple
other candidates are reported in Zhang et al. (in preparation).
Here, we report the detection of another multiply-imaged LRD
candidate' - dubbed hereafter A383-LRD1, located behind the
well-known SL cluster Abell 383 (zq = 0.187; A383 hereafter;
Abell et al. 1989). A383-LRD1 curiously has a close-by blue
companion, which is also compact. The latter is particularly in-
triguing since a significant portion of LRDs have now been ob-
served to have nearby UV emission, or blue companions (e.g.,
Rinaldi et al. 2025; Naidu et al. 2025), but their nature remains
uncertain. For example, Chen et al. (2025a) suggest that this blue
emission in the vicinity of LRDs could be arising from low-
density, metal-poor gas that is photo-ionized by the AGN. This
might also, for example, explain the presence of narrow high ion-
ization UV lines detected in some LRDs (Tang et al. 2025). With
the system presented in this work, we could now investigate this,
and other LRD with blue companion properties, with the aid of
SL.

This paper is organized as follows: The data are described in
section 2. In section 3, we present the object, and the photometric
and SL analysis. In section 4, we discuss our results for both the
LRD candidate and its blue companion, and in section 5 we give
a brief summary and conclusion. Throughout this work, we use a
flat ACDM cosmology with Hy = 70 km s™! Mpc™!, Qs = 0.7,
and Q, = 0.3, and use AB magnitudes (Oke & Gunn 1983).
Errors are typically 1o unless noted otherwise.

2. Data

The SL cluster A383 was recently observed with the Near
Infrared Camera (NIRCam; Rieke et al. 2023) aboard the JWST
(Gardner et al. 2023; McElwain et al. 2023) as a part of the
Vast Exploration for Nascent, Unexplored Sources (VENUS)
survey (Program ID: GO-6882; PlIs: S. Fujimoto & D. Coe)
in September 2025. NIRCam imaging was obtained in 10
filters (FOOOW, F115W, F150W, F200W, F210M, F277W,
F300W, F356W, F410M, and F444W), with exposure times
spanning 0.7 — 3.7h. The observations achieve 50 depths of
28 magnitudes in all bands and were reduced and drizzled
into mosaics with the Grism redshift & line analysis
software for space-based slitless spectroscopy

! Note that while, as we show here, the object passes the LRD pho-
tometric selection criteria, we nominally refer to it as a candidate until
spectroscopy becomes available.
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(grizli; Brammer 2023). We refer the reader to Fujimoto et al.
(in prep.) and Kokorev et al. (in prep.) for more details on the
VENUS observations, data reduction, and catalogs.

To complement the JWST observations, we use optical and
ultra-violet (UV) imaging data from the Hubble Space Telescope
(HST), obtained as part of the The Cluster Lensing and Super-
nova Survey with Hubble program (CLASH; Program ID: GO-
12065; Postman et al. 2012). These ancillary data include six
broad-band filters of the Advanced Camera for Surveys (ACS):
F435W, F475W, F606W, F625W, F775W, and F814W. Note
WEFC3 images from CLASH exist as well but are not used here.
The above HST imaging was re-processed as part of the Com-
plete Hubble Archive for Galaxy Evolution (CHArGE) initiative,
which performed uniform processing of all archival HST imag-
ing (Kokorev et al. 2022), and was drizzled into mosaics match-
ing the VENUS JWST images with grizli.

Additional ancillary data include ground-based spectroscopy
with the DEep Imaging Multi-Object Spectrograph (DEIMOS)
on Keck, published in Richard et al. (2011), as well as
XSHOOTER, published in Stark et al. (2015), and Multi Unit
Spectroscopic Explorer (MUSE; Bacon et al. 2010), on ESO’s
Very Large Telescope (VLT). Finally, our LRD was also de-
tected with the Atacama Large Millimeter/sub-millimeter Array
(ALMA) in Knudsen et al. (2016).

3. The Object and Analysis

The JWST/NIRCam imaging (see Fig 1) reveals a notable
doubly-imaged source, which consists of two distinct compo-
nents: A red and compact source which as we show here is
likely a LRD, and a compact blue companion. Figure 2 illus-
trates the source in all available bands. It can be seen that both
A383-LRD1 and the blue companion are undetected in filters
bluer than F814W, and the LRD component becomes increas-
ingly more prominent towards the redder bands. We also note
that some additional faint emission appears in the F356W band
just below the LRD; and there also seems to be faint bridge ex-
tending between the LRD and blue companion, which is notice-
able in various bands (see Fig.2). This system was in fact, pre-
viously known as a multiply-imaged high-redshift source from
the HST CLASH observations (system 5 in Richard et al. 2011;
Zitrin et al. 2011), and was also spectroscopically confirmed at
Zspee = 6.027 with its Lyman-a (Lya) line (Richard et al. 2011).
Stark et al. (2015) then measured its extreme Lya equivalent
width (EW) of EW, = 138 A, and detected CIII]/H909A emis-
sion, and Knudsen et al. (2016) detected [C11]1158 um from it.
In these previous works, the galaxy was classified as ‘old’ due
to a flux excess measured with Spitzer/IRAC, interpreted as a
Balmer-break (Stark et al. 2015). Now, with the superior spatial
resolution of the JWST, we can clearly see that the rest-frame
optical emission originates from a separate component, which is
the LRD (see Fig. 1). In contrast, given that the LRD is barely
detected in the bluer bands (see Fig. 2), the blue companion is
the component that was identified in the HST images and thus
is also likely the origin of the UV emission lines. Moreover, if
Lya were originated from the LRD, it would have been detected
in the F814W band to the same level as the blue companion, but
this is not observed.

Based on the gravitational lensing symmetry, and the spectral
energy distributions (SED; Fig. 3), both components are consis-
tent with lying at a similar redshift. While only future integral
field unit (IFU) observations could spatially disentangle the two
components, and verify their physical relation, throughout the
rest of this work we assume that both lie at the same redshift
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Fig. 1. Abell383-LRD1 — a new multiply-imaged LRD candidate. The critical curves for z; = 6.027 from our new SL model (see section 3.2) are
shown in orange, over a color-composite image of A383 (zq = 0.187), constructed using the JWST/NIRCam imaging from the VENUS survey
(Blue: FOO0OW, Green: F277W, Red: F444W). The predicted position of the third de-magnified image of the system is marked with a black box.
The third image is obscured by the BCG and predicted to be too demagnified to be observed. The inlets correspond to 3” x 3” cutouts and show
the two multiple images of A383-LRD1, with the blue companion clearly seen in both images.

of z = 6.027. The properties of both images are summarized
in Tab. 1. We conduct a thorough photometric analysis of both
components in section 3.1, derive the lensing properties in sec-
tion 3.2, measure sizes in section 3.3, and finally perform a SED
modeling analysis in section 3.4.

3.1. Photometry and color-analysis

We measure simple aperture photometry of both A383-LRDI1
and the blue companion, in both images, in all the available
JWST bands and the HST filters from section 2, with the
photutils package (v2.2.0; Bradley et al. 2025). The aper-
tures, of 0.2” and 0.16”" diameter in images A and B respectively,

are carefully chosen to limit contamination by either companion.
The photometry is then measured on a background-subtracted
image and corrected for aperture losses due to the point-spread-
function (PSF) size in each band. We estimate the errors by plac-
ing empty apertures in the vicinity of the source to measure the
local background contribution. This approach was shown to per-
form well for point-sources in crowded lensed fields (see e.g.
Furtak et al. in prep.). The resulting flux densities are listed in
Tab. 1, and can be seen in Fig. 3. We use the F115W band,
corresponding to the rest-frame 1500 A range, to measure the
rest-frame UV luminosity, obtaining Myy1rp-ao = —16.8 £ 0.3,
MUV,LRD—B = -16.7 + 0.3 for the LRD, and MUV,BC—A =
-18.2£0.2, Myypc-B = —18.3 + 0.2 for the blue companion in
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Fig. 2. Cutouts of image A of A383—-LRD1 in the JWST/NIRCam bands from the VENUS program and in the available HST bands. The upper—left
panel shows a stacked image from the ACS bands-F435W+F475W+F606W+F625W+F775W, where the source remains undetected. Each cutout
covers a 3” x 3” field of view. Only the blue companion is visible in the F§14W image, while the LRD becomes more prominently detectable
towards redder wavelengths. The blue companion has a noticeable flux excesses in F356W and F444W, likely due to strong H3+[O m] and Ha

emission lines, respectively, at z = 6.027.

Table 1. Photometric and lensing properties for A383-LRD1 and its blue companion.

D R.A.[Deg] Dec.[Deg] Aty [yr] L L L F435W F475W
A383-LRDIA 42.013686  -3.526365 0 162+1.2 38+0.1 4501  -22+124 -15+117
Blue Companion-A  42.013702  -3.526283 0 16212  38x0.1 47+0.1 224124  —06+11.7
A383-LRDIB 42019241  -3532926  -52+0.1 9.0+0.6 1.9+0.1 5102  58+128  44=124
Blue Companion-B ~ 42.019246  -3.532876  —5.1+0.1 9.0+ 0.6 1.8+0.1 51+02  —05+128 -27+122
F606W F625W F775W F814W FO90W F1I5W FI150W
13+5.7 ~11.9+ 15.1 46+172 18.0 + 10.4 36.8+7.7 68.6 + 8.6 58.2+9.4
4.1+5.7 ~79+14.8 38.6+ 174 88.2 +10.5 188.1 + 8.2 247.0+9.2 231.4+9.9
—23+55 18.1 146 14.9 + 16.1 174+93 205+4.5 322+46 452+48
~18+55 2.1+13.8 3.9+ 16.1 672+9.5 111.1+4.7 145.1 4.9 145.6 £ 5.1
F200W F210M F277W F300M F356W F410M F444W
116.8 = 9.0 119.8+ 11.8 201.5+5.8 2774 +7.6 608.4 + 6.4 649.8 + 8.5 13114+ 7.9
219.3+9.9 209.2 + 12.0 2132+59 189.1 £7.6 559.4+ 6.4 1226 £7.1 261.9+5.7
562 +4.8 50.6 £5.1 113.5 £ 4.1 160.0 = 5.6 395.6+5.5 389.7+7.5 830.3+7.2
127.6 +5.1 124.5+52 127.7 £4.1 128.3+53 375.9+5.8 95.1+5.9 218.5+53

The lensing magnification, time delays, and photometric flux densities (nJy) and 1o errors for both the LRD and blue companion in the two
images of A383-QSO1 (see sec.3.1 for more details). Column 1: ID Columns 2-3: R.A., Dec. Columns 4-7: gravitational time delays,
magnifications, and their tangential and radial components. Columns 8-13: The fluxes measured in available HST bands, and Columns 14-23:
The fluxes measured in available JWST bands. Note: Columns 10-23 wrap to subsequent lines below Columns 1-9.

both images after de-magnification (see Tab. 1 and section 3.2).
The values are consistent between the two images, with no sign
of variability.

The measured colors of the LRD in image A (i.e., the bright-
est of the two) are:

FI150W — F200W = 0.75 + 0.26

F277TW — F356W = 1.20 + 0.05

F277W — F444W = 2.03 £ 0.04

We use the measured colors to verify whether this component
of A383-QSO0l1 satisfies established LRD selection criteria. Fol-
lowing the approach of Kokorev et al. (2024), we first examine
their ‘red2’ criteria defined for LRDs at z > 6 (for more detalis,
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see their section 3.1):

red 2 = F150W - F200W < 0.8 & F277W — F356W > 0.6 &
F277TW — F444W > 0.7

The measured colors of A383-LRD1 satisfy the ‘red2’ selection
criteria. We then evaluate the object’s compactness by measuring
the ratio between the F444W flux in a 0.4”” and a 0.2” apertures.
Even though the 0.4” measurement includes some flux from the
blue companion, the LRD still satisfies the compactness criteria.
In addition, we verify that its colors are inconsistent with col-
ors expected for brown dwarfs. For completeness, we repeat the
same analysis also for the criteria shown in Labbé et al. (2025),
Greene et al. (2024), Akins et al. (2024), Tanaka et al. (2024) and
de Graaff et al. (2025), all suggest it is indeed a LRD. To fur-
ther assess consistency, we also compute the SBr77w-_r3sew and
Brarrw-ra10m slopes following Kocevski et al. (2025), which are



M. Golubchik et al.: A new multiply imaged LRD: A383-LRD]1

used to exclude sources dominated by strong optical line emis-
sion (see their section 3.1). Although the object shows enhanced
F356W and F444W fluxes relative to F410M, which respectively
correspond to the H3+[O m] and Ha emission lines at z = 6.027,
the calculated Bry77w-r3sew and Bra77w-raiom slopes are consis-
tent with LRDs, rather than emission line objects. To further
make sure, we manually adjust these flux excesses to match the
underlying continuum (interpolated or extrapolated from nearby
bands), which still yields colors consistent with the LRD selec-
tion criteria. Finally, if we combine the photometry of the LRD
and the blue companion together — for example, to imitate a con-
figuration in which a LRD and its blue companion are unresolved
(i.e. unlensed) — the combined object would still pass the more
stringent 'red2’ selection criteria.

3.2. Strong lensing mass modeling

Our new lens model builds on previous models for the cluster
(Richard et al. 2011; Zitrin et al. 2015), and is constructed here
using a revised version of the parametric method by Zitrin et al.
(2015, for more details see also Pascale et al. 2022; Furtak et al.
2023b). In the model, cluster member galaxies are represented
by double Pseudo-Isothermal Ellipsoids (dPIE; Eliasdéttir et al.
2007), and the large-scale dark matter distribution is described
by a diffuse halo modeled as a Pseudo-Isothermal Elliptical Mass
Distribution (PIEMD; e.g. Keeton 2001). We use 14 multiple-
image systems as constraints, 6 confirmed with spectroscopy for
at least one image (described in Zitrin et al. 2015).

Cluster members are chosen matching the red sequences
formed in the NIRCam/FOOOW and F150W; ACS/F814W and
NIRCam/F150W; and ACS/F606W and F814W spaces, together
with data from MUSE. The model is minimized using a posi-
tional uncertainty of 0.1” for all images and 0.05” for the south-
ern giant arc. All multiple images are reproduced by the model
with a Agms between model and observations of 0.36”. Uncer-
tainties are obtained by running a separate MC chain with a po-
sitional uncertainty of 0.5”. With this the best-fit model yields a
reduced chi-square of =~ ¥?/DOF = 23.9/20 ~ 1.2.

We infer the magnification for both images [given in the fol-
lowing format: best(average)+ uncertainty]: u4 = 16.2(17.9) +
1.2, forimage A (5.1 in Richard et al. 2011) and g = 9.0(10.0)+
0.6 for image B (5.2 in Richard et al. 2011). We note however
that an additional systematic error of ~ 20% could be assumed.
Also note, previous models have inferred magnification of ~ 11
and ~ 6 for the two images, respectively (Richard et al. 2011).
A third, radial, de-magnified (1 ~ 0.2) image is predicted near
the BCG, but its location (marked on Fig. 1), and expected flux
(~ 5 magnitudes fainter than image A), render it unobservable.
The time delays between the two observed images according to
our model corresponds to image A arriving 5.2(4.9) 0.1 yr after
image B (we estimate a systematic uncertainty of ~ 0.5 yr from
examining a range of models). The blue companion in image A
is resolved through lensing, 0.3"" away from the LRD, which —
from the above magnifications — corresponds to ~ 400 pc in the
source plane assuming z = 6.027. We then de-lens both images
to the source plane, and find the distance between the centers
of the LRD and blue companion to be ~ 380 pc, in agreement
with the above. As only the redshift of the blue companion is
spectroscopically measured, we run an alternative lens model al-
lowing the LRD redshift to be free. The model’s predicted red-
shift for the LRD agrees with the redshift of the blue companion,
7z = 6.027, within 1o.

3.3. Size measurements

Both the LRD and the blue companion appear as compact
sources in the color image. We note that the compactness of the
LRD candidate (discussed above in section 3.1 and defined using
the ratio between the F444W flux in a 0.4” and a 0.2” apertures)
is already sufficient — together with its colors — to classify it pho-
tometrically as a LRD. However, given the LRD is lensed and
that it has a compact blue companion, it is interesting to further
examine the relevant object sizes.

To measure the sizes we analyze both multiple images with
the pysersic program (Pasha & Miller 2023). We start with
the LRD and use the F410M image — where the blue compan-
ion is weakly seen, so its contribution can be easily masked but
the LRD is prominently observed; and the F200W band, where
the PSF is smaller and which we shall later use for constrain-
ing the physical size. For each band we employ a PSF image
constructed from an ensemble of stars in the field. We manually
mask the blue companion’s pixels and run a fit to the LRD using
a Sersic profile. Both images of the LRD (LRD1A and LRD1B)
yield the same size of r, ~ 1.9 + 0.2 pixels in the F410M band,
and r, ~ 1.3 + 0.3 pixels in the F200W band. We also try a point
source fit option which yields a similarly good reconstruction,
although somewhat less clean visually. The fact that both images
of the LRD show the same size despite a ratio of ~ 1.7 in mag-
nifications and observed fluxes, could suggest that the source is
unresolved and consistent with a point source: Were it extended,
the observed FWHM would be larger in the more magnified im-
age. Note we also verified that the observed size remains similar
regardless of the assumed model, by simply plotting the light
profile of each of the LRD images and measuring the width. We
note however that the resulting parameters are very sensitive to
the choice of different mask regions and exact PSF used, and
thus the results should be taken with caution.

For measuring the size of the blue companion we do two
things. First, we mask the LRD and repeat the fitting procedure
for the blue companion over both images, in particular in bluer
bands where it is the dominant light source and the LRD contri-
bution is easily masked (see Fig. 2). Then, we run a two-object
Sersic profile fit for each of the images. We obtain for both multi-
ple images of the blue companion a similar value of r, =~ 1.0+0.1
tor, ~ 1.1 £ 0.1 in FO90W, F115W, and F200W. The blue com-
panion thus seems to also be consistent with a point source in
those bands. In other bands, however, such as the F277W or the
F410M bands, we obtain that the effective radius of image A can
be larger than that of image B, by factors of ~ 1.5 — 2.5. This
observed size ratio is consistent with the magnification ratio, im-
plying that perhaps the blue companion, while compact, is only
marginally (un)resolved and is thus not a point source in some
of the redder bands. It is however unclear at present whether this
is indeed the case or a result of the fitting procedure (given the
strong contrast in F410M between LRD and the blue companion,
for example, or the fact that there appear to be other structures
involved which may bias the fit such as the faint bridge between
the blue and red components seen in e.g. the F277W band). An-
other possibility is that the UV light in the blue companion is
indeed coming from a smaller region than its optical light. We
leave further investigation of this to future work.

We now translate the observed size measurements to con-
straints on the physical size of the sources. Assuming the LRD
is indeed unresolved, we can adopt the nominal PSF FWHM of
the F200W band (0.064") as an upper limit on the source size.
Accounting for both redshift and tangential magnification, we
thus derive an upper limit on the intrinsic radius of riy < 40pc
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for the LRD. Note that while the PSF of the bluer bands would in
principle lead to a stronger size constraint, we choose to use the
F200W band because it is the bluest band in which the LRD is
detected at above 100 In addition, despite higher magnification
for A383-LRD1 compared to A2744-QSO1, the size constraint
is slightly weaker, because the radial and tangential components
of the magnification are relatively similar in our model.

For the blue companion, assuming it is only marginally
(un)resolved, we measure a rough size of riy = 60 pc, but note
that its UV emitting part may be significantly smaller. If we
assume the UV emission of the blue companion to be a point
source, then — adopting the FO90OW PSF — it must be smaller
than 20 parsec.

3.4. SED modeling

We perform SED modeling on the de-magnified photometry of
both the LRD component, and the blue companion. The SED fit-
ting is run on image A since it provides a higher signal-to-noise
ratio (SNR), and the components appear more separated and thus
the photometry (see section 3.1) is less likely to be contaminated.

We first run a fit to both components with the the Bayesian
Analysis of GalLaxy sEds tool (BEAGLE; Chevallard &
Charlot 2016) and SED templates by Gutkin et al. (2016), which
combine the latest Bruzual & Charlot (2003) stellar population
synthesis models with nebular emission models from Cloudy
(Ferland et al. 2013). The redshift is fixed to the spectroscopic
value (Zgpee = 6.0265; Stark et al. 2015). For the blue compan-
ion, we use the C]A11907, 1909A equivalent width (EW) of
22+7 10%, measured by Stark et al. (2015), as an additional con-
straint. We assume a delayed exponential star-formation history
(SFH) with the possibility of an ongoing star-burst and a Small
Magellanic Cloud (SMC) dust extinction law (Pei 1992), which
has been shown to well match low-mass and low-metallicity
galaxies at high redshift (e.g., Shivaei et al. 2020). Finally, we
apply the Inoue et al. (2014) intergalactic medium attenuation
models. Both fits have as free parameters the stellar mass M.,
the star-formation rate (SFR) of the current star-burst, the max-
imum stellar age f,ge, the star-formation e-folding time-scale T,
the dust extinction 7y, the metallicity Z, and the average galaxy-
wide ionization parameter 10g(l7 ). After some iteration (see dis-
cussion in section 4.2), we lower the time over which the fitted
SFR is computed to 1 Myr instead of the 10 Myr assumed by de-
fault in BEAGLE, in order to better fit the extreme [O 1] and HB
emission in the F356W band — especially for the blue companion
(see Fig. 3).

While we achieve a decent fit to the LRD component with
a dusty star-forming galaxy (DSFG) template, as further dis-
cussed in section 4.1, the standard BEAGLE templates do not
include LRD-specific models such as e.g. a BH* component.
We therefore run a second fit to the LRD component only, us-
ing the Bayesian Analysis of Galaxies for Physical
Inference and Parameter EStimation code (bagpipes;
Carnall et al. 2018). This version of the code was modified by
Taylor et al. (2025) to fit a composite model of a star-forming
host-galaxy with a BH*-type AGN. The latter is included as an
interpolation over a set of CLOUDY models designed to imitate
the BH* dense hydrogen gas shell emission (e.g., Naidu et al.
2025), with a luminosity Ls;gp as a normalization parameter. We
refer the reader to Taylor et al. (2025) for the full details on the
models and the fitting procedure. Note that the BH* model con-
strains the gas properties, and does not include the BH mass. The
free parameters in particular are listed in their Tab. 2. It should
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be emphasized that in the absence of rest-frame optical spec-
troscopy of the LRD component, many of the BH* model’s gas
(or CLOUDY grid) parameters remain largely underconstrained.
Our photometry does however probe the Balmer-break and rest-
frame optical continuum, which means that we can, under the
assumed model at least, constrain the gas density ny, the col-
umn density Ny, and the turbulence velocity v (e.g., Ji et al.
2025Db).

4. Results and discussion

The results of our analysis, the photometry, and the SED models,
are presented in Fig. 3. We find the red component to most likely
be a LRD, as discussed below in section 4.1. The nature of the
blue companion is discussed in section 4.2.

4.1. The LRD candidate

We find A383-LRD1 to be best fit with the bagpipes BH* and a
host galaxy model (see section 3.4), achieving a best-fit reduced
x? = 2.2. The fit suggests the LRD to have a relatively small
contribution from the BH* AGN (log(Ls109/Lo) = 43.2 = 0.2),
and significant contribution from a host galaxy (log(M,/Mg) =
7.7%03), which is evolved enough to produce a small Balmer
break (~ 0.5 magnitudes). At longer wavelengths than the break,
the BH* continuum takes over and dominates the reddest bands,
F356W, F410M, and F444W, as can be seen in the top panel
of Fig. 3. For the BH* model, we obtain a best-fit gas den-
sity of log(ny/cm™) = 9.7 + 0.4 and a turbulence velocity of
Vb = 33971% kms™!, which are similar to what was found for
e.g. A2744-QSO1 (Ji et al. 2025b), or the high-z LRD presented
in Taylor et al. (2025), but less extreme than what was derived
for the more-pristine BH* observed in Naidu et al. (2025). That
being said, we caution that with photometric data only, these pa-
rameters may not be truly constrained and that in particular, the
relative strengths of the host galaxy and the BH* are highly de-
generate.

As mentioned in section 3.4, our BEAGLE galaxy fit to the
LRD component also yields an acceptable fit with a DSFG tem-
plate. With a best-fit reduced y? = 8.7, this is not as good a fit
as the LRD model and in particular struggles to reproduce the
rest-frame UV fluxes see Fig. 3. This scenario also requires a
much higher stellar mass (log(M,/Mg) = 8.9 + 0.2) and SFR

(log(y /Mo yr™") = 1.35*0:93), and a more extreme dust attenu-

ation of Ay = 2.01’8:%. In addition to the higher )(2, and while it
cannot be completely ruled out at present, we therefore consider
the DSFG model less likely than the LRD solution because (i)
such a high stellar mass combined with our size measurement
in section 3.3 yields an extreme density (> 10° Mg pc?), the
same order of magnitude as the densest stellar structures (e.g.,
Vanzella et al. 2023; Baggen et al. 2023; Adamo et al. 2024),
and (ii) Knudsen et al. (2016) did not detect any dust continuum
from this source with ALMA (< 55 uJy at 507), essentially ruling
out SFR greater than 0.5 Mg/yr.

The combination of the available observational evidence
therefore supports the interpretation of A383-LRD1 as a LRD:
Its measured colors (section 3.1) fall within the range charac-
teristic of previously identified LRDs (e.g., Greene et al. 2024;
Kokorev et al. 2024; Kocevski et al. 2025), while the size analy-
sis (section 3.3) shows the source to be compact as required — in
fact, consistent with a point-like morphology, and our SED anal-
ysis (section 3.4) favors a model that combines a BH* model
with a substantial contribution from a host galaxy. In that re-
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Fig. 3. Photometry and SED-modeling of A383-LRD1 image A, with composite-color image cutouts on the right. The de-magnified observed
fluxes are shown in blue, with 20 upper limits in the case of a non-detection. The best-fit (maximum-a-posteriori) fluxes are shown in red, and the
best-fit SED in black. Top: Bagpipes LRD fit to the LRD component. The LRD SED model comprises a BH*-AGN component shown in red, and
a host galaxy shown in purple. We also show the BEAGLE DSFG fit as the orange dotted line. Bottom: BEAGLE star-forming galaxy fit to the blue

companion.

spect note that only a small fraction of LRDs were found to
show an underlying host (e.g. Chen et al. 2025b). Our analysis,
however, remains limited by the absence of rest-frame optical
spectroscopy capable of resolving the Balmer lines. A definite
conclusion on the LRD (and AGN) nature of A383-LRDI1, and
the relative significance of its host galaxy, will therefore require
spectroscopic observations with JWST to detect its rest-frame
optical emission lines, and investigation of their widths and ab-
sorption profiles in order to determine the LRD’s gas properties.
If confirmed, this would make A383-LRD1 one of the very few
multiply imaged LRDs discovered to date. With its more evolved
host galaxy than the ‘pristine’ LRDs, e.g. the BH* from Naidu
et al. (2025) or A2744-QSO1 (e.g., Furtak et al. 2024; Maiolino
et al. 2025b), and the high magnifications (see Tab. 1), A383-
LRDI1 represents a compelling laboratory to study the interaction
of a BH* with its host galaxy and the neighboring blue compan-
ion (see section 4.2).

4.2. The blue companion

One of the most intriguing aspects of A383-LRD1 is undoubt-
edly its prominent blue companion, observed 0.3” away in im-
age A, which corresponds to a projected distance of ~ 380 pc in
the source plane (section 3.2). As demonstrated in section 3.3,
this object is marginally resolved in the redder bands and thus
also somewhat enlarged, or stretched by the magnification, sug-

gesting that it is intrinsically (slightly) larger than the LRD at
least in the optical — although it could be smaller than that in
the UV (section 3.3). Given its stronger rest-frame UV emis-
sion, this object is in fact the one that was previously detected in
HST imaging and targeted with DEIMOS and XSHOOTER (see
section 3; Richard et al. 2011; Stark et al. 2015). It is therefore
reasonable to conclude that the UV emission lines detected, Lya
(EW, = 138 A) and Cm]21909 A (EW, = 22 A), also originate
from the blue component. We nonetheless note that the spatial
resolution of neither instrument is sufficient to resolve this dis-
tance (in particular if observed by a long slit that is not necessar-
ily aligned with the two objects). For Lya, which was found to
be very prominent, we can also invoke the fact that no emission
is seen at the position of the LRD in the F814W band, where
Lya should fall at z = 6.027, to support the line coming from the
blue companion (see also intro of section 3). The emission de-
tected from C ] is however not sufficiently strong to invoke the
same argument and thus we conclude that at this stage we cannot
definitively tell where these UV emission lines come from (see
further discussion below).

Our BEAGLE fit to the blue companion’s photometry (see sec-
tion 3.4 and the bottom panel of Fig. 3) achieves an excellent fit
(reduced y? = 0.53), yielding a low stellar mass (log(M, /M) =
7.10 £ 0.04), an extremely young age (log(tage/yr) = 6.51”_’8:82),
and very low dust attenuation (Ay = 0.13 + 0.02). Surpris-
ingly, the resulting metallicity is rather high (log(Zs.s/Zo) =
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—0.40f8:8;)2, which is however unlikely given the high C m] EW.
This is also very different from what Stark et al. (2015) found —
an old stellar population with very low metallicity, due to the
strong C m] together with the Spitzer/IRAC detections. Note the
previously reported Spitzer/IRAC excess, we can now see origi-
nated from both the LRD and the blue companion, contributing
equally to the F356W (and thus Spitzer’s 3.6 um) band, but with
the LRD governing the flux in the F444W (or Spitzer’s 4.5 ym)
band. Nonetheless, from the JWST photometry of the blue com-
panion (Tab. 1 and Fig. 3) it is now apparent that its rest-frame
optical continuum is very low, and that the F356W and F444W
excesses seen in it (please see also Fig. 2) are likely caused
by extremely strong HB+[Omi] (EW, of thousands of A), and
Ha (EW, of hundreds of A) emission lines, respectively. These
strong emission lines seem to drive the high gas-phase metallic-
ity in the fit (though see discussion further below), as well as the
extremely young age.

The fit is entirely dominated by nebular emission, suggest-
ing a young gas cloud perhaps in its very first duty cycle of
star-formation. If the gas, however, is just beginning to form
stars, then how did it get enriched in metals in the first place?
As seen in section 4.1, the LRD’s host galaxy seems to be in an
evolved state and has undergone several cycles of star-formation.
This might suggest a scenario where the gas that makes-up the
blue companion was ejected from the LRD’s host and is now
forming stars on its own. Alternatively, in the case of an uneven
coverage of the LRD’s AGN by the BH* hydrogen gas shell,
the escaping AGN radiation could power the extreme emission
lines seen in the blue companion by photo-ionizing the gas, sim-
ilar to a type 2 AGN, as suggested in e.g. Tang et al. (2025),
Lambrides et al. (2025), or Chen et al. (2025a). In that case,
the metallicity would be lower and in agreement with the mea-
sured CmJA11907, 1909A EW (e.g., Stark et al. 2015). Given the
frequency of blue companions close to LRDs (e.g., Chen et al.
2025a; Naidu et al. 2025), this might indeed be a common mech-
anism in the interplay between the BH*/LRD, host galaxy, and
their immediate environment.

As another explanation for the relatively high metallicity ob-
tained in the fit for the blue companion, it is possible that due to
its compactness (see section 3.3) the ionization environment in
this object is different than what the standard BEAGLE templates
can reproduce. In a compact but low-density cloud, even a mod-
erate amount of star-formation can result in strong ionization
and thus power the extreme [Omi] emission at low metallicity
(e.g. Amorin et al. 2014; Liu et al. 2022). As in Solimano et al.
(2025), the weak emission spotted right under the LRD in the
F356W (Fig. 2) can suggest some more [O 1] emission arising
from a gaseous envelope around the LRD, favoring further this
scenario. Indeed, the physical separation of ~ 400 pc between
the LRD and the blue companion may suggest that we are seeing
a merger between the two components (or that they both belong
to the same underlying galaxy, or host); such multi-component
objects have been observed up to z ~ 10 with similar separations
in the source plane (e.g. Hsiao et al. 2023, 2024). It might also be
interesting to examine how the SED fit to the blue component,
and its resulting metallicity, would look with the inclusion of
AGN templates to the fit. We defer, however, such further anal-

2 While BEAGLE in principle allows to fit both the stellar and the gas-
phase metallicity separately, in this case they are assumed to be the
same. Since the stellar metallicity is not constrained by photometry at
all, the fitted value is in this case driven by the nebular properties and
this represents the gas-phase metallicity.
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Fig. 4. Contours of the ALMA [Cu]1158 um detection from Knudsen
et al. (2016), overlaid over the JWST color image of A383-LRD1. Con-
tours show 2, 3, 4, 50 of the integrated spectral line, and -20- are shown
as a dashed line. The obtained resolution is presented as a red ellipse on
the bottom left. The contours are centered slightly off the blue compan-
ion, with the LRD within the 40~ contour.

ysis to future work, possibly when spectroscopic data become
available.

Ultimately we again mention that any conclusions drawn
from our photometric analysis remain speculative, and that spa-
tially and spectroscopically resolved data of A383-LRDI1 are
needed to help reveal the true nature of both the LRD and its blue
companion. By directly mapping the emission lines, we would
be able to constrain the dynamics of this system (e.g. is gas out-
or in-flowing to the LRD?) and determine the actual emission
line strength and gas metallicity of both components. Currently,
and for the foreseeable future, only the Near Infrared Spectro-
graph (NIRSpec; Jakobsen et al. 2022; Boker et al. 2023) IFU
instrument (Boker et al. 2022) is capable of achieving this at the
required wavelengths and both spectral and spatial resolutions.

4.3. The ALMA [C\] detection

Another piece of the puzzle currently available, is the
[Cu]A158 um emission, detected thanks to lensing magnifica-
tion, with an integrated line intensity of 7 = 0.10+0.03 Jy km s~
(Knudsen et al. 2016). The [C 1] emission is more extended and
seen slightly offset from the HST detection, i.e. from the blue
companion (see Fig. 4). This might suggest that this [C 11] emis-
sion does not originate from the blue companion alone, but rather
also from the extended circum-galactic medium (CGM)), or even
the LRD itself. Neither of these scenarios is surprising, since
[C]A158 um is a major cooling line for cold interstellar gas and
thus a prime tracer for star-formation, and both the blue compan-
ion and the host galaxy of the LRD are actively forming stars. It
is even possible that both components are embedded in a com-
mon envelope of CGM and actively exchanging gas (and poten-
tially supporting the merger scenario). To date, there has been a
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dearth of far-infrared emission lines detection from LRDs (e.g.,
Furtak et al. 2023a; Labbé et al. 2025; Akins et al. 2025; Set-
ton et al. 2025; ?). While there has been a [C1](2—1) detection
in one LRD (Akins et al. 2025), the [C 1]4158um line from this
system, A383-LRD1, to our knowledge, may be the first case of
[C ] detected from a LRD to date.

In principle, ALMA is also capable of achieving spatial res-
olutions rivaling JWST’s. It would therefore also be possible to
spatially resolve the origin of the [C 1] emission, and perhaps de-
tect other far-infrared (FIR) lines in A383-LRD1 with targeted,
deep, high-resolution ALMA follow-up observations. Such ob-
servations with JWST and ALMA might also allow for a dynam-
ical measure of the black hole mass of the LRD.

5. Summary

In this work, we report the discovery of a new, doubly-imaged
LRD candidate at z5,.,. = 6.027 behind the SL cluster Abell 383,
which we dub A383-LRD1. The object was previously known
as a multiply-imaged high-redshift object from HST imag-
ing, ground-based spectroscopy, and strong Spitzer/IRAC and
ALMA [Cu]A158um detections. With the new JWST/NIRCam
imaging from the cycle 4 VENUS program, the source is now re-
vealed as a two-component system: a red point source, consistent
with typical LRD selection criteria both in terms of colors and
size, and a distinct blue companion 0.3” (380 pc) away. Thanks
to the relatively high magnification (u = 16.2 = 1.2) derived
from a new and dedicated SL model, we place a strong upper
limit on the intrinsic size of the LRD of r < 40 pc, and measure
a very low rest-frame UV luminosity Myy = —16.8 + 0.3, de-
spite the bright observed magnitudes, e.g. mpagaw A = 27.2+0.2.
A detailed SED-modeling analysis with BEAGLE and bagpipes
reveals the LRD candidate to be comprised of a relatively faint
BH* AGN (log(Lsioo/Le) = 43.2 + 0.2) and a significant host
galaxy (log(M,/Mg) = 7.7t8:§). The blue companion on the
other hand is consistent with an extremely young (log(tage/yr) =
6.51f8182) nebular emission dominated object. We speculate that
it could perhaps be a metal-enriched ejecta from the LRD host
galaxy, or a young nebula that is photo-ionized by the nearby
AGN in the LRD. In the absence of rest-frame optical spec-
troscopy, this however remains speculative.

With its high magnification and two multiple images, A383-
LRDI1 provides a unique laboratory to study the interaction of a
LRD with its host galaxy, nearby blue companion, and environ-
ment. Future follow-up observations with the JWST/NIRSpec
IFU could possibly not only detect and confirm its broad Balmer
lines, constraining the BH mass, but also spatially resolve and
disentangle the strong emission lines from both the LRD and its
blue companion. Such observations will be needed to provide
more definite answers as to their exact nature and relationship.
Moreover, A383-LRD1 is the first LRD system to date with a
[Cn]A158um detection and thus ideally suited for deep high-
resolution ALMA follow-up to map the origin of this emission
line and search for other FIR lines, and potentially provide a
dynamical mass estimate of the BH in the system. Finally, we
note that while do not currently detect continuum variability with
the modest gravitational time-delay between the two images,
Atgray = 5.20 + 0.14 yr, this inherent time delay could facilitate
future variability measurements, and possibly even reverberation
mapping campaigns.
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