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ABSTRACT

The Little Red Dot (LRD) paradigm comprises three main unknowns that are intrinsically connected: (1) What is the nature of these
sources? (2) How do they form? (3) How do they evolve? Larger spectroscopic samples and high-resolution data are needed to delve
deeper into the mechanisms ruling these sources. Understanding their formation and evolution requires identifying the rise and fall
of the key features that characterize these systems, such as their compactness and “V”-shaped spectral energy distributions. In this
work, we present a galaxy system nicknamed The Stingray that was identified in the Canadian NIRISS Unbiased Cluster Survey
(CANUCS). This group contains three sources at Zg,ec = 5.12, including an active galactic nucleus (AGN), a Balmer break galaxy, and
a star-forming satellite. The latter resembles a Building Block System in which interactions boost stellar mass and black hole mass
growth beyond what is expected from secular processes alone. The AGN in this system exhibits features indicative of a transitional
object, bridging a normal AGN and an LRD phase. These are a blue rest-frame ultraviolet slope, compact size, and a broad He line
(all of which are characteristic of LRDs), but a flatter rest-frame optical slope compared to that observed in LRDs. The features in
this source point to the emergence or fading of an LRD, potentially triggered by environmental effects.
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Two years after the discovery of the so-called Little red dots
(LRDs; Labbé et al. 2023, Barro et al. 2024, Greene et al. 2024,
Matthee et al. 2024) by the JWST (Gardner et al. 2023), our
understanding of their formation, evolution, and properties re-
mains highly incomplete. Consistent features across all studies
of these intriguing sources are their compact nature, the pres-
ence of broad Balmer emission lines, and a distinctive “V’’-
shaped spectral energy distribution (SED). This SED is charac-
terized by a nearly flat to blue rest-frame ultraviolet (UV) con-
tinuum, followed by a steep optical slope. However, identifying
the complete sample of such sources remains challenging: pho-
tometric selections can be contaminated by emission lines that
mimic steep spectral slopes (Hainline et al. 2025). Moreover,
they can also overlook objects that reveal “V”-shaped continua
only through spectroscopy (Hviding et al. 2025).

Different combinations of models were proposed to explain
the nature of these objects, including active galactic nuclei

(AGN)), stellar emission, and composite models (e.g., Inayoshi &
Maiolino 2025, Pérez-Gonzalez et al. 2024, Greene et al. 2024,
Tripodi et al. 2024, Mérida et al. 2025a). None of the latter have
been able to fully reproduce the bulk of the LRD population and
their challenging properties, which include a lack of X-ray de-
tections (Ananna et al. 2024), absence of emission from a dusty
torus at longer wavelengths (Setton et al. 2025), or lack of vari-
ability (Zhang et al. 2024). As a result, more exotic solutions
arose, such as the black hole star (BH*) model (e.g., de Graaff
etal. 2025b, Naidu et al. 2025, Ji et al. 2025, Rusakov et al. 2025)
or binary massive black holes (Inayoshi et al. 2025b). However,
larger spectroscopic samples and high-resolution observations
are still required to further investigate any of these hypotheses.

Another key aspect of the LRD paradigm is the emergence
and evolution of these sources. Although there are now candi-
dates of z ~ 0 LRD relics (see Lin et al. 2025), the population of
these sources has been shown to exhibit a dramatic drop in their
number density at z ~ 4 (1 — 2 dex from z ~ 4 to z ~ 2; Ko-
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cevski et al. 2025, Inayoshi 2025, Ma et al. 2025, Zhuang et al.
2025). The evolutionary pathway followed by these sources has
not been fully elucidated yet.

According to Billand et al. (2025), LRDs are a phase in
galaxy evolution, which implies there must be transition stages
in which galaxies exhibit LRD features while simultaneously de-
veloping new characteristics. These authors also affirm that cold
accretion may lead to an increase in the stellar mass (M, ), which
makes LRDs lose their genuine “V”’-shape and compactness as
these stars form and populate the galaxy outskirts. In that same
work, mergers are also proposed as channels for the disruption
of the LRD phase.

There are already observations of LRDs in dense environ-
ments, including LRDs in pairs (Tanaka et al. 2024, Mérida et al.
2025a), LRDs in galaxy overdensities (Labbe et al. 2024, Rinaldi
et al. 2024), and star clusters or nebular gas close to LRDs (Chen
et al. 2025). In Mérida et al. (2025a) we presented evidence of
a synchronous evolution of an LRD pair at z ~ 7 and the key
role played by the environment in the triggering and quenching
of these objects.

There are likely different channels for the formation and de-
struction of LRDs, and environmental effects should be consid-
ered as potential drivers of some of these channels. To under-
stand how LRDs are triggered and how they disappear, it is key
to investigate the properties of transitional objects. The presence
of these sources can be linked to the end of an LRD phase, as
well as to the emergence of one or several LRD phases along a
galaxy’s lifetime.

In this work, we report the discovery of a transitional ob-
ject, bridging normal AGNs and LRDs, embedded in a galaxy
system nicknamed The Stingray at zs,ec = 5.12. This group con-
tains what we named a transitional LRD (tLRD), a Balmer break
galaxy (BBG), and a star-forming satellite. They all show signs
of coordinated star formation histories (SFHs), resembling the
Building Blocks System (BBS; Asada et al. in prep). In such
systems, stellar mass (M, ) growth can be dramatically enhanced
by interaction-triggered bursts of star formation.

Throughout this work we assume Qg = 0.3, Qpp = 0.7,
and Hy = 70 km s~! Mpc~'. In this cosmology, the Universe is
1.145 Gyr old at z = 5.12, with 1” being equivalent to 6.3 kpc.
We use AB magnitudes (Oke & Gunn 1983) and all M, and star
formation rate (SFR) estimates assume a Chabrier (2003) initial
mass function (IMF).

2. Data

This work is based on data from the Canadian NIRISS Unbiased
Cluster Survey (CANUCS; GTO program #1208; Willott et al.
2022), consisting of Near Infrared Camera (NIRCam; Rieke
et al. 2023) and JWST Near InfraRed Imager and Slitless Spec-
trograph (NIRISS; Doyon et al. 2023) observations of five strong
lensing clusters and five flanking fields (where lensing magnifi-
cation is negligible). CANUCS also incorporates Near Infrared
Spectrograph (NIRSpec; Jakobsen et al. 2022) PRISM follow-
up in all the fields and medium resolution spectroscopy using
the Micro-Shutter Assembly (MSA) in the MACS1149 flanking
field, where our galaxy system is located.

This field was observed with the NIRCam broadband filters
FOOOW, F115W, F150W, F277W, F444W, and medium band
filters F140M, F210M, F300M, F335M, F360M, F4A10M. The
Cycle 2 “JWST in Technicolor” program (GO program #3362,
PI: A. Muzzin) added observations in the FO70W, F164N,
F187N, F200W, F356W, F430M, FA60M, and F480M filters.
It was also observed with the Advanced Camera for Surveys
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Table 1: Coordinates and redshifts of the galaxies presented in
this work.

Source RA dec photo-z | spec-z
tLRD | 11:49:33.732 | +22:16:06.892 5.21 5.1245
BBG | 11:49:33.688 | +22:16:06.352 5.26 5.1258
SAT1 | 11:49:33.656 | +22:16:06.717 5.21 5.1238
Cl 11:49:33.725 | +22:16:06.754 5.22 -
C2 11:49:33.708 | +22:16:06.813 0.80 -
C3 11:49:33.686 | +22:16:06.838 0.78 -

(ACS) (F435W, F606W, F814W) and the Wide Field Camera
3 (WFC3) (namely F105W, F125W, F140W, and F160W) on-
board HST. More information regarding CANUCS/Technicolor
reduction, calibration, and photometric products can be found in
Sarrouh et al. (2025) and references therein.

Our galaxies were also observed during the Cycle 3
CANUCS follow-up (GTO program 4527 on 18 May 2025) with
the NIRSpec G395M medium-resolution grating in 2 MSA con-
figurations with ~ 3.1 ks exposures each. Initial processing uti-
lized the STScl jwst stage 1 pipeline with custom snowball and
1/f noise correction. The jwst stage 2 pipeline was run up to
the photometric calibration step. Then, we used the grizli and
msaexp (Brammer 2022, 2023) packages. Wavelength calibra-
tion applied a correction for the known intra-shutter offset along
the dispersion direction. One-dimensional spectra were obtained
using a wavelength-dependent optimal extraction that accounts
for the increase in the point-spread function full width at half
maximum with wavelength. Further details about the NIRSpec
MSA data processing can be found in Heintz et al. (2025) and
Sarrouh et al. (2025).

The slit configuration is displayed in Fig. 1. One of the slits
was poorly aligned with the centroid of one of the sources, so
the scaling correction, based on photometry, for that spectrum
was larger. Due to the crowded nature of the system, background
subtraction was customized and performed using slits less prone
to contamination from nearby sources.

3. The Stingray
3.1. Discovery and basic properties

This galaxy group was identified in the CANUCS photomet-
ric catalog (Sarrouh et al. 2025) and targeted for NIRSpec
follow-up. It is located within a z = 5.12 + 0.03 overden-
sity and its main component, which we named CANUCS-
MACS1149-tLRD, shows F300M and F410M excess compati-
ble with prominent H5+[OIII] and Ha emission lines.

The group was dubbed The Stingray, and consists of at least
3 galaxies at z = 5.12 for which we have NIRSpec MSA data,
namely CANUCS-MACS1149-tLRD, -BBG, and -SAT1 (see la-
bels in Fig. 1). The zgpec values for all three galaxies were derived
based on the He emission lines in their spectra. The tLRD and
BBG sources are separated by 5.1 kpc; there are 2.7 kpc between
BBG and SAT1; and SAT1 and the tLRD are 3.8 kpc away.

We used SExtractor (Bertin & Arnouts 1996) to recover
the centroids of potential sources in the vicinity, identifying three
companions, C1, C2, and C3, along with a fuzzy structure cen-
tered at C2. There is also another galaxy group to the north (pink
arrow in Fig. 1), ~ 1.3” away from the tLRD. This galaxy group
on top is likely a z ~ 1.5 system according to the photometric
redshifts derived with EAzY (Brammer et al. 2008). Only photo-
metric data are available for the aforementioned sources.
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Fig. 1: Cutouts of the galaxy group in different bands. Top: (1) 7.7x7.1 arcsec® cutouts of two RGB images based on F200W,
FA10M, and F444W (left) and F200W, F360M, and F444W (right) NIRCam imaging, not convolved to F444W resolution. The
yellow square encloses the region that contains the part of the Stingray studied in this work; its dimensions are 2.0x1.4 arcsec®. We
include a view in a less saturated scale to spotlight the difference in color between the different galaxies. These images highlight the
F410M excess in the tLRD (see panel 2), due to He emission at this z, with respect to the continuum probed by F360M. The pink
arrow in the left panel points to a z ~ 1.5 galaxy group ~ 1.3” away from the tLRD that would resemble the tail of the Stingray.
We include a cutout showing the position of the MSA slits. (2) Cutouts of F300M — F335M (top) and F410M — F430M (bottom)
showing the HB+OIIl and He emission, respectively. Bottom: Postage stamps of these sources in different NIRCam bands, not
convolved to F444W resolution. They are plotted following the same scale.

3.2. Revised photometry and potential LRD nature

Given the proximity of the sources and the presence of the fuzzy
emission, we computed photometry in small apertures of 0.3”
around each source, correcting for Galactic extinction, and ac-
counting for flux losses through aperture corrections. Photome-
try is based on PSF-matched images homogenized to the F444W
resolution. We used the empirical PSFs, obtained by median-
stacking non-saturated bright stars (Sarrouh et al. 2024, 2025).

Aperture corrections are based on the ratio between the flux
enclosed within 2.5XRx;o, (Kron 1980) and the 0.3 aperture
photometry in the F200W band, which is not susceptible to
contamination from emission lines at this redshift. Uncertainties
were derived following the procedure described in Sarrouh et al.
(2025), based on the flux in 2,000 apertures placed in blank re-
gions of the sky for 0.3” circular apertures. In Appendix A, we
also considered an additional correction to test the potential fuzz
contamination in the tLRD photometry and SED derived proper-
ties. The photometric points from the tLRD, BBG, and SAT1 are

displayed in Figs. 2, 3, and 4, respectively. We ran EAzY to de-
rive photo-zs for all the sources, choosing the standard templates
augmented with the Larson et al. (2023) set and the intergalactic
medium attenuation curve of Asada et al. (2025).

C1 can only be identified in the short wavelength bands in
Fig. 1, due to the image’s resolution, and its proximity to the
tLRD makes its study quite challenging. C2, C3, and the fuzzy
structure are likely z ~ 0.8 projections. In Appendix B, we in-
clude the photometry and SED fitting of C1, C2, and C3. In our
analysis, we will only consider the tLRD, BBG, and SAT1, for
which we have spectroscopic confirmation. Table 1 shows the
position of all the sources, together with their photometric and
spectroscopic redshifts.

The presence of a broad He line in the tLRD spectrum, its
blue rest-frame UV slope, and its compactness could be indica-
tive of potential LRD activity in this galaxy. We computed the
LRD photometric criteria from Kocevski et al. (2024) and Koko-
rev et al. (2024) and found that the rest-frame UV slope is com-
patible with LRD emission but the rest-frame optical slope does
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Table 2: Values for the criteria established in Kokorev et al.
(2024) and Kocevski et al. (2024) computed for the tLRD.

Criterion | Value
Kokorev+24
F115W — F150W < 0.8 mag 0.13 mag
F200W — F277W > 0.7 mag 1.00 mag
F200W — F356W > 1.0 mag 0.36 mag
bd : F115W — F200W > —0.5 mag | 0.24 mag
Sra4aw(0.5”)/ fr444,(0.3") < 1.7 1.33
Kocevski+24
S/NF444W > 12 249
Bopt >0 -1.36
-2.8 < Byv < -0.37 -1.59
< 1.57 stars 1.72 pix
Brariw-r3sew > —1 -4.35
Brarrw—ratom > —1 0.26

Optical slope from spec is —0.41*

Notes. The Kokorev et al. (2024) compactness criterion originally refers
to the ratio between the flux measured in 0.4”and 0.2” apertures. bd
refers to brown dwarf; r, is the half-light radius as measured in the
F444W band; and ry, yars denotes the stellar locus (as defined in Fig. 4
from Kocevski et al. 2024). In this case 1.5, suars ~ 2.6 pix. In the Ko-
cevski et al. (2024) criteria, 8 = % —2. Following Table 2 in that
same paper, the UV filters correspond to F115W, F150W, and F200W,
and the optical filters to F277W, F356W, and F444W. Even though
Bopt < 0 as derived using F277W and F444w, B, = 2.1 when using
F356W and F444W. We also include the S,y value estimated directly
from the spectrum.

* This is the only reliable measurement of the optical slope, given that
F277W, FA10M, and F444W are contaminated by strong emission
lines.

not reproduce the “V”-shape criteria. The optical slope derived
directly from the spectrum is larger than that derived from the
photometry (which is contaminated by the presence of strong
emission lines in F277W, F410M, and F444W), but is still not
enough to pass the LRD screening. We include the values com-
puted for each criterion in Table 2. In Sec. 5.2, we discuss a pos-
sible connection between this source and LRDs, as this galaxy
system could be showing us a transitional stage between a tradi-
tional AGN and an LRD.

4. Physical properties
4.1. Emission line properties

The G395M MSA 1D spectra of the tLRD, BBG, and
SAT1 are displayed in Figs. 2, 3, and 4. We measured the
Hp, [OII1]214959,5007, and Ha emission using the Leven-
berg—Marquardt nonlinear least-squares algorithm. In the case
of the tLRD’s Ha measurement, we selected the Trust Region
Reflective algorithm, which provides bound support, fitting the
different line components. The HB emission from this object can
be fitted using a single narrow component. Figure 5 shows the
fitting of the Ha profile from the tLRD source, and Table 3 in-
cludes the luminosities derived for each line and object. There is
no evidence of a broad component in the He emission of BBG
and SAT1.

The AGN bolometric luminosity can be estimated based on
the fluxes of each of these lines. We can compute Ly, based
on the broad He flux, assuming the Greene & Ho (2005) rela-
tion and the bolometric correction from Richards et al. (2006).
Netzer (2019) presented a calibration based on the narrow com-
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ponent of HB and Heckman et al. (2004) used the [OIII] line to
estimate Ly, based on the study of a sample of type 2 AGN. The
[OIII] calibration yields the largest estimate, Ly, = 1.45+0.05 X
10* erg/s. These numbers decrease to 4.01+0.15x 10 erg/s and
0.96+0.05 x 10% erg/s when using the HB and Ha lines, respec-
tively.

The black-hole mass (Mpy) can be derived from the width
of the Hae broad component using the empirical relation given
by Reines et al. (2013). We obtained log Mgy = 7.46 +0.09 M,
which places our source above the Mpy vs M, scaling relation,
in line with the 4 < z < 11 AGNs from Maiolino et al. (2024).

The Eddington ratios are 3.89+0.21 as derived from [OIII],
and 1.08+0.06 and 0.26+0.02 as obtained from HB and Ha. This
implies that, depending on the calibration, the tLRD could be
emitting at sub-Eddington to super-Eddington levels. The values
derived from the He calibration should be considered our stan-
dard reference, especially given that we cannot resolve the broad
Hg line. It is important to note that any of these narrow lines is
prone to contamination from star formation (and we see [OIII] is
resolved in the NIRCam imaging), which would lead to an over-
estimation of the ratios. Our Ha-based estimate is compatible
with Eddington ratios reported for LRDs in the literature (Lin
et al. 2024 and references therein).

4.2. Spectro-photometric fitting

We used Bagpipes (Carnall et al. 2018) to conduct a spectro-
photometric fitting of the tLRD, BBG, and SAT1. This Python
software utilizes a Bayesian inference approach and allows fit-
ting the UV and optical emission due to an AGN accretion disk
using a double power-law model. The code also implements non-
parametric SFHs by using a series of piecewise constant func-
tions in lookback time. We used the continuity mode, based
on the Leja et al. (2019) nonparametric SFH.

All fits were performed using the Multinest sampling algo-
rithm, and the values set for the priors of each parameter are
provided in Table C.1 in Appendix C. The emission from HST
filters was not considered in our analysis, given their low signal-
to-noise ratio (S/N). We fitted the spectrum + photometry of the
tLRD with Bagpipes using a composite model consisting of a
stellar population plus an AGN. For BBG and SAT1, only stel-
lar populations were set. The z was fixed to the spectroscopic
values.

The AGN continuum emission was modeled as a broken
power law characterized by three parameters: two spectral slopes
and the continuum flux at the break point (5100 A). The AGN
line emission is included as a single He line. The intensity was
left free and the line width was set to 1,773 km/s, as measured
from the spectrum. Nebular emission was incorporated via the
ionization parameter U, and we assumed a Calzetti et al. (2000)
attenuation law.

Additionally, we also used the Dense Basis code (Iyer &
Gawiser 2017, Iyer et al. 2019) to fit the photometric data of
all the galaxies and compare with the Bagpipes output. We ran
it selecting a nonparametric SFH. Stellar population synthesis
models are incorporated through the Flexible Stellar Population
Synthesis (FSPS; Conroy & Gunn 2010) Python module. AGN
contribution at UV-to-optical wavelengths cannot be included,
so the code assumes all the emission has a stellar origin. Priors
are listed in Table C.1.

Figures 2, 3, and 4 show the best-fitting models from both
codes overlaid on the data; Table 3 lists the values for the differ-
ent physical parameters. The two codes give consistent results,



Rosa M. Mérida et al.: The rise and fall of Little Red Dots could be driven by the environment

T (N VAR
o
oL
Tl |
g 6F : —— Spectrum
- | [ O Photometry
il o DB
S \ T BP
= L J@ ©® BP phot points
| ]
S ?r [ é 1 &5C{ % g§ oo o *ﬂh O
>t J e i h!'dl‘“ﬂ&“’l'llo Q

0_

2

3

2 4 —

&

!

Q

& -2F
< 40F
3_ 20F
o X 0
S —20F
£ —40p

1 1
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
Wavelength (um)

Fig. 2: G395M MSA spectra (blue) and photometry (open red circles) of the tLRD. The spectrum was rebinned in wavelength
to improve S/N and readability. Lighter circles correspond to the HST photometry, which was not considered in our spectro-
photometric analysis. In orange and pink, we show the best-fitting models from Bagpipes (spectra+photometry) and Dense Basis
(photometry only), respectively. Dense Basis was allowed to explore a broader range of z, which includes the photo-z, to ensure
convergence. This explains why there is a slight offset between the lines in both models. The photometric points associated with
the Bagpipes model are shown as orange circles. We include the ACS and WFC3/HST (dashed) and NIRCam/JWST (solid) filter
transmission curves at the top of the panel. Vertical dashed lines highlight the position of the main emission lines at this z. We show
the Bagpipes residuals underneath. For the spectrum, the residuals are the ratio between the spectrum and the model. The grey
shaded region corresponds to one standard deviation. For the photometry, we display the difference between the photometry and the
model weighted by the photometry. Uncertainties are also depicted, representing the inverse of the S/N. The spectrum dominates

the fitting in the optical, resulting in larger residuals in the photometry.

pointing to the tLRD and BBG being ~ 10° M, sources and
SAT1 being the less massive source in the group (~ 108 My).
Even if Dense Basis does not consider the emission from the
AGN, the M, is only slightly overestimated with respect to the
value reported by Bagpipes. The tLRD host is the source that
shows the highest level of attenuation, with ~ 0.7 mag. Overall,
the properties of this tLRD are not difficult to reconcile with tra-
ditional models, compared to those found for many LRDs (e.g.,
A, > 1-2mag, M, > 10'° M,; see Gentile et al. 2024, Tripodi
et al. 2024, Mérida et al. 2025a). In terms of their SFRs, the
tLRD shows the highest value, followed by the BBG, and lastly
SAT1. These values, together with the SFHs (see Sec. 4.3), re-
flect the star-forming nature of the system, as also suggested by
the presence of emission lines in their spectra.

We also derived the AGN model from the best-fitting com-
posite Bagpipes template, which is displayed in Fig. 6. The
median parameters defining the broken power law correspond
to @y, = —1.43, 8; = 0.64, hanorm = 2.24 X 10717 erg/s/cmz,
and fs100 = 3.72 x 102! erg/s/cm?/Hz. a; and S, are the slopes
on either side of 5100A. The a, slope for this AGN is consis-
tent with the slopes found for Sloan Digital Sky Survey (SDSS)
quasars (Vanden Berk et al. 2001), spanning 0.044 < z < 4.789.
The continuum is normalized at 5100A using the fsjgp parame-
ter, and hanorm sets the total flux of the He line.

The photometric points associated with this AGN model are
also depicted, as well as the photometry of the stellar compo-

nent, which was estimated by subtracting the AGN photometry
from the observed photometry. This approach assumes that any
remaining emission can only be powered by stars. According to
Bagpipes, the rest-frame UV photometry is a composite of stel-
lar and AGN emission, with ~ 56% being supplied by the AGN.
Optical emission would be primarily driven by the AGN, al-
though there is likely a significant contribution from stars power-
ing [OIII] + HB (see Appendix D). A red stellar component, out-
shone by the AGN, may also contribute to the optical (Narayanan
et al. 2024, Whitler et al. 2023).

4.3. Star formation histories

The SFHs of the three galaxies, obtained with Bagpipes and
Dense Basis using a nonparametric approach (see Sec. 4.2),
are displayed in Fig. 7. The two codes provide consistent results,
showing that all three galaxies are star-forming at z = 5.12.
This figure also shows that the tLRD and SAT1’s SFH are
very similar in shape, with a different scaling factor; tLRD
presents higher SFRs. They display a rising SFH, which became
steeper ~ 10 Myr prior to observation. On the other hand, the
BBG shows a more complex SFH according to Dense Basis,
with a continuous star formation until ~ 250 Myr ago, when the
galaxy’s SFR started following a rising trend. According to the
two codes, this galaxy reached an SFR peak after which the SFH
flattened. This flattening could lead to a quenching event (as the
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Fig. 3: G395M MSA spectra (blue) and photometry (open red circles) of the BBG. We include an inset with the photometry
expressed in uJy where it is easier to spot the presence of the Balmer break. See Fig. 2 for a complete description of the markers

and color codes used in this plot.
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Fig. 4: G395M MSA spectra (blue) and photometry (open red circles) of SAT1. See Fig. 2 fo a complete description of the markers

and color codes used in this plot.

quenching reported for the z = 5.20 BBG of Strait et al. 2023) or
else the BBG’s SFH could revert to a continuous or steeper trend
again. In Sec. 5.1, we further analyze these trajectories in order
to understand the role played by the interaction in the evolution
of these galaxies.
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5. Discussion
5.1. Mass growth induced by the interaction

In this zgpee = 5.12 galaxy system we see three components that
display rising SFHs during part of their evolution, as well as
signs of ongoing star formation. SAT1 is lower in mass, whereas
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Table 3: Best-fitting parameters derived using Bagpipes (spectrum+photometry) and Dense Basis (photometry only).

ID |log M, /M |log SFR [My/yr] | A, [mag] || log M, /Ms |log SFR [My/yr] | A, [mag] Lo ‘ Lyg ‘ Liommasoso | Liommasoor
Bagpipes Dense Basis [10*" erg/s]
(LRD| 9.082}4 1ootls | o29m [ 92592 114t | 08208 || 8278+1.86 |7.9320.85]13.20+0.85 | 41.471.32
B:54.52+1.69
N:28.26+1.07
BBG | 9.022% 07308 | 0280% | 91092 0.520% | 00309 | 8141098 | <326 |3.58+081 |9.97x1.06
SATI| 7.84%2 | —02793, [ 00783 [ 8288 0102, | 01192 || 2192036 | <115 | 1432031 | 4242040

Notes. We include the 16th and 84th percentiles as upper and lower bounds for the SED-derived properties. The star formation rates correspond
to SFR;(y. Dense Basis assumes all the emission comes from stars, whereas Bagpipes includes AGN emission in the fit. In column 8, B and N
denote broad and narrow components, respectively. The width of the H, line is 1,773 km/s. The BBG and SAT1 HS emission line measurements
are 20 upper limits.
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Fig. 5: He fit (black line) for the tLRD compared to the data
(blue). The spectrum was rebinned in wavelength to improve S/N
and readability. The solid (dashed) red line shows the fit to the
broad (narrow) component. The normed residuals (spectrum —
model, normalized by the error) are displayed underneath. The
shaded gray region corresponds to +1o-.

the other two sources have currently comparable M, of 10° M.
One of these galaxies hosts an AGN, and the other shows a
Balmer break. The three objects are close together on the sky
and at the same z. Considering 10 kpc for the scale of the system
(see Fig. 1) and assuming a relative velocity of 100 km/s (Lam-
bas et al. 2003, Ellison et al. 2011), the crossing time would
be ~ 100 Myr for this group. This estimate is consistent with
the key timescales evidenced by the SFHs (see Fig. 7), suggest-
ing that interactions between the three galaxies could play a role
in their star formation histories. We aim to check whether the
galaxies’ growth could be attributed to secular processes or else
was driven by environmental effects.

To examine how the galaxies in the Stingray system evolved,
we first estimated their mass assembly histories. Figure 8 shows
the mass growth of tLRD, BBG, and SAT1, derived by integrat-
ing their Bagpipes SFHs, while assuming a return fraction of
0.3 (i.e., that expected for a Chabrier 2003 IMF). ~ 500 Myr
ago BBG was the most massive source, with M, = 1052 M.
tLRD’s mass was 107* M, while SAT1 was the least massive
object, with 10%7 M. BBG increased its M, by ~ 0.8 dex dur-
ing the last 500 Myr, while tLRD’s mass grew ~ 1.5 dex and
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Fig. 6: Spectrum (blue) and photometry (open red circles) of
the tLRD source, together with the AGN model extracted from
Bagpipes (orange). The photometric points associated with the
model are shown as orange circles. The photometry linked to
the stellar component, which we obtain by subtracting the AGN
model photometry from the observed photometry, is displayed
as fuchsia circles. In the optical, the photometry from the AGN
model lies above the photometry and the photometric points de-
rived from the spectrum.

SAT1’s mass ~ 1 dex. tLRD and SAT1 assembled a larger frac-
tion of their M, than BBG during the same 500 Myr period.
This is especially the case for tLRD, which showed a significant
steepening of its mass growth ~ 100 Myr ago.

To understand whether these differences in the mass growth
can be due to the impact of interactions, as well as to the presence
of an AGN in tLRD, we compared the observed mass growth to
that of hypothetical sources that evolved along the star-forming
main sequence (MS). By comparing the fiducial MS galaxies
with our observations, we can infer whether the growth observed
in our three galaxies could be attributed to secular processes or if
a contribution from other factors should be claimed. To calculate
the histories of the reference MS galaxies, we took the starting
M, of our three objects at ¢+ = 500 Myr as the seed mass. We
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Lookback time (Myr)
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and SAT1 (right), obtained using Bagpipes (orange), based on

the Leja et al. (2019) approach, and Dense Basis (cyan). The shaded regions correspond to the area enclosed within the 16th and

84th percentiles.

then evolved them over time, using the parameters from the MS
relation provided in Mérida et al. (2025b) for 5 < z < 7 galaxies.

The results of this comparison are as follows. The BBG
mass assembly history is consistent with evolution along the MS,
while tLRD’s final mass is ~ 0.7 dex higher than that expected
for an MS galaxy. tLRD started deviating from the MS trend
100 Myr ago. The growth of SAT1 is more difficult to interpret.
This was a very low-M, source that could be in a latent or lulling
phase 500 Myr ago (see Looser et al. 2024, Mintz et al. 2025).
However, a potential latent state in SAT1 cannot be confirmed
since MS studies at this z are not complete down to these low
M, preventing us from modeling SAT1’s reference MS galaxy
with confidence. We note, however, that the final mass of SAT1
is roughly consistent with that of an MS galaxy, considering its
M, att = 500 Myr.

Figure 8 also depicts the SFHs of the sources, alongside the
SFHs of the model reference MS galaxies. Shown with dotted
curves, we also include hypothetical SFHs of three objects that
follow the same mass assembly histories as our galaxies; in other
words, the seed mass is reset to the M, achieved in each time
bin, rather than being set once at 500 Myr. BBG displays several
upturns in its SFH, but they are all consistent with evolution on
the MS (especially if we take into account the typical MS scatter
of ~ 0.2 dex at this z). tLRD’s SFH is consistent with the MS
tracking up to ~ 100 Myr ago, when it experienced a star forma-
tion upturn that displaced it ~ 1 dex above the MS. 10 Myr ago,
tLRD experienced a new upturn that elevated it 1.5 dex above
the MS, or 1 dex if we restart the MS at t = 100 Myr. The com-
bination of these two bursts allowed tLRD to equalize BBG in
M,. SAT1’s SFH falls slightly below the MS at early times, al-
though it is consistent with it within the SFH uncertainties. Its
subsequent evolution is also consistent with the MS within un-
certainties up to 10 Myr ago, when the galaxy experienced an
upturn that moved it ~ 1.5 dex above the MS.

In summary, BBG’s evolution can be explained by secular
evolution on the MS. During this time, it developed a Balmer
break, while stars continued forming within this galaxy, but at a
rate that’s consistent with that expected of an MS galaxy. BBG is
not bursting, as also reflected by the strength of its emission lines
versus that of the UV continuum. In contrast to BBG, tLRD ex-
perienced two bursts of star formation that cannot be explained
by evolution on the MS. These happened 10 Myr and 100 Myr
ago. Lastly, SAT1’s evolution is also consistent with the MS ex-
cept for a recent burst of star formation that started 10 Myr ago.
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Although starbursts can have origins other than interactions, the
proximity of these sources makes the environment a likely pre-
cursor of these events.

Given the configuration of all three galaxies at the time of
the observation and the estimated crossing times, we propose a
scenario in which tLRD encountered BBG 100 Myr ago. This
interaction boosted mainly the star formation in tLRD, which
was the less massive source by 0.6 dex — or a factor of 4 — in mass
at that time. BBG might also have experienced some increase in
its star formation as a result of the encounter, but this was not
enough to push the galaxy into a starburst phase. 10 Myr ago,
SAT1 joined the system, interacting with BBG, which is closer
in projected distance. Again, this effect was more noticeable in
SAT1, given its M, that is 1.5 dex — or ~30 times lower — than
the masses of the other two galaxies. The 10 Myr upturn in tLRD
could be attributed to an interaction with SAT1, although 10 Myr
ago tLRD’s M, was already comparable to that of BBG, and it
is located further away from SAT1.

Alternatively, this 10 Myr burst in tLRD could be due to
feedback from its AGN. AGN activation can be delayed with re-
spect to star formation triggering (see Emonts et al. 2006, Omori
et al. 2025, O’Ryan et al. 2025). AGN luminosities in realistic
hydrodynamic models do not peak at the same time as the gas
density on small scales, but rather at somewhat later times, when
most of the gas has been consumed by star formation and/or ex-
pelled by stellar feedback (Hopkins 2012). Gravitational torques,
which govern further inflow into the center, are relatively ineffi-
cient in gas-dominated systems. However, stars provide an effi-
cient angular momentum sink, allowing for a more rapid inflow
(Hopkins 2012). This can result in a delay of ~ 100 Myr between
the star formation and the AGN activations. The delayed AGN
triggering can be a consequence of the 100 Myr burst induced in
the tLRD—-BBG’s encounter. AGN feedback would be the mech-
anism responsible for triggering a new star formation upturn in
tLRD ~ 10 Myr ago.

We acknowledge that this discussion is based on the assump-
tion that the SED-derived properties of these galaxies, especially
the SFHs, are reliable. This assumption is particularly important
in tLRD. Although it can be well fitted with Bagpipes, it ex-
hibits LRD features, which are a challenge for current models.
To ensure the consistency of our results, we tested changing the
AGN component priors to force alternative solutions. We then
checked the impact on the SFHs. These results are included in
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Fig. 8: Top: mass assembly histories of tLRD (solid orange),
BBG (solid red), and SAT1 (solid cyan) on log scale. We also
show the mass growth of these galaxies, assuming that they fol-
lowed the main sequence (dashed lines, in the same color code).
To calculate these MS tracks, we used the main sequence fit
from Mérida et al. (2025b) at 5 < z < 7 and the M, of the
sources at ¢+ = 500 Myr. We assumed a return fraction of 0.3.
Vertical lines highlight + = 10 Myr (violet) and ¢+ = 100 Myr
(lime), respectively. Bottom: SFHs of our sources, following the
same color code. SFHs of analogous galaxies evolving along the
main sequence since ¢ = 500 Myr ago are also depicted. Ad-
ditionally, we show the MS evolution resetting this seed mass
to that achieved in each time bin (dotted lines). The shaded re-
gion shows the SFH uncertainty of each source. Additionally,
we should take into account the main sequence scatter, which is
~ 0.2 dex at this z.

Appendix D. There, we demonstrate that trends persist despite
changes in the AGN priors.

Finally, it is worth noting the broader connection of the
Stingray system to the emerging picture of enhanced hierarchi-
cal galaxy formation at high z. This group resembles the Build-
ing Blocks System (BBS) discussed in Asada et al. (in prep). It
consists of a BBG and two low-mass star-forming galaxies at
z = 5.2, and is likely destined to evolve into a Milky-Way-mass
galaxy by the present day. BBS is in the process of “boosted hi-
erarchical assembly”, whereby the M, of the resulting merger

product is not just the sum of the pre-existing masses of the
individual components, but is also dramatically boosted by the
interaction-induced bursts of star formation. In the case of the
Stingray’s tLRD, M, appears to have been boosted fourfold by
the interaction prior to the likely future merger with BBG.

Although more massive than BBS, our galaxy system pro-
vides another key piece to the boosted hierarchical assembly sce-
nario, which is AGN activity. The latter can potentially enhance
the effects of the environment, extending the interaction-induced
star formation burst as a result of a delayed AGN activation. This
can lead to an even more rapid mass assembly in these galaxies.
Moreover, we see that the environment can act as a precursor of
black hole mass growth in low-M, high-z objects.

5.2. Transitional LRDs

The AGN in the Stingray shows properties that are compatible
with an LRD phase. It is compact and blue in the rest-frame UV
(see Sec. 3.2) and shows a broad Ha component (Sec. 4.1). How-
ever, the optical emission does not pass the LRD screenings. Its
AGN is likely emitting in the sub-Eddington regime (Sec. 4.1),
in line with LRDs reported in previous works.

In Fig. 9, we compared the properties of this AGN with
the LRDs from Hviding et al. (2025), extracted from the Red
Unknowns: Bright Infrared Extragalactic Survey (RUBIES; de
Graaff et al. 2025a). These objects display a spectroscopic “V’-
shaped continuum, compact sizes, and broad Balmer lines. The
figure is adapted from Figs. 6 and 8 in Hviding et al. (2025). The
first panel shows the position of our source in the So,—Buv plane.
The combination of the spectrum and the photometry places our
AGN in the intersection between the LRD population and the
Zspee > 3.1 RUBIES galaxies. The Bop — Buv plane was also ex-
plored in Hainline et al. (2025) (see Fig. 4 in that paper). Near
the UV and optical slope values of tLRD, we see a fraction of
Type 1 AGNs from JuodZbalis et al. (2025), one Type 1 AGN
from Matthee et al. (2024), and one Type II AGN from Mazzo-
lari et al. (2025). There is a significant fraction of high-z AGNs,
mainly Type II, that exhibit much bluer Boy. Most Type I AGNs
are located within the LRD locus. This could suggest that Type
I AGNs are mostly compatible with LRDs or similar sources to
tLRD. However, Hainline et al. (2025) pointed out that LRDs are
easy to select (they are more luminous) and thus easy to follow-
up spectroscopically. So far, Type I AGN at z > 6 are mostly
consistent with LRDs, as a result of the difficulty in selecting
normal Type I AGNs at these redshifts.

In the second panel, we show the position of our source in
the Myy — Ly, plane, compatible with the LRD locus instead of
the broadline sources locus. Considering these and the proper-
ties previously reported, it is possible that this object was caught
in a transition phase bridging normal AGNs and LRDs. In other
words, at some point an LRD evolves with z into a different state
that no longer meets the selection criteria, which means there
must be a transition phase in which these galaxies still exhibit
LRD features while simultaneously developing new character-
istics (Billand et al. 2025). The question that arises is whether
this tLRD is evolving into a regular LRD or if the LRD phase is
fading out instead.

Billand et al. (2025) investigated the possible evolution of
LRDs by identifying candidates in the Cosmic Evolution Early
Release Science data (CEERS; Finkelstein et al. 2017, Finkel-
stein et al. 2025) that could represent the descendants of LRDs.
They affirmed that the decline in the number density of LRDs
with cosmic time is driven by the acquisition of a stellar compo-
nent that settles in the galaxy’s outskirts. As M, grows, the char-
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Fig. 9: Adapted version of Figs. 6 and 8 from Hviding et al.
(2025) showing Bop: vs. Buv (top) and Myy vs. Ly, (bottom)
of our source (yellow star) with respect to the LRDs selected
in RUBIES (red hexagons); these sources show broad lines,
are unresolved, and display “V”-shaped features. They include
Zspee > 3.1 galaxies from RUBIES as 2D grayscale histograms.
Sources with broad Balmer lines are depicted as red circles. In
the bottom panel, Ly, was derived from the spectrum (see Ta-
ble 3) while Myy was estimated from the Bagpipes best-fitting
model.

acteristic “V”-shape fades and the physical size of the galaxies
increases. Similarly, Hainline et al. (2025) proposed a trend be-
tween luminosity and optical slope, according to which lower-
luminosity AGNs display bluer slopes as a consequence of the
star-forming host galaxy becoming more dominant in such weak
AGNs.

Billand et al. (2025) proposed several scenarios, includ-
ing mergers, for the LRD—traditional AGN transition. However,
their findings point to cold accretion as the leading mechanism.
In that work, galaxies were selected to keep a red optical core.
They display rest-frame UV slopes that do not meet the “V”-
shape criteria, as well as sizes not compatible with being com-
pact, unlike tLRD.
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A different scenario for this transition was proposed by Kido
et al. (2025) within the BH* framework. They affirmed that a
decrease in the infalling mass onto the BH envelope can lead
to a decrease in its mass (i.e., when the infall rate is lower than
the Eddington accretion rate). Together with BH mass growth,
this leads to the dissolution of the gas envelope. According to
Inayoshi et al. (2025a), supernova explosions from massive stars
in nuclear starbursts can inject energy and momentum that is able
to expel gas from the nucleus, quenching gas supply to the BH
envelope, and ultimately driving a transition into normal AGN
phases. The LRD stage would only persist for one-third of a
Salpeter time. This scenario could explain the features we see
in tLRD, which no longer exhibits a red optical slope.

The existence of channels for LRD disruption suggests the
presence of inverse channels as well. For instance, a potential gas
envelope can develop as a result of super-Eddington accretion;
if this were to happen, the mass infall rate from the interstellar
medium must be significantly larger than the BH’s Eddington
rate. Otherwise, radiative and mechanical feedback from the BH
will suppress the infall (Kido et al. 2025).

The LRD state could be a phase that can be activated and
deactivated (although above a certain critical Mpy, subsequent
LRD phases are not very likely; Inayoshi et al. 2025a), probably
linked to the AGN’s level of accretion, directly related to the
burstiness of the system. The environment can play a key role in
both activating and deactivating the LRD phase, as in our galaxy
system (see also Mérida et al. 2025a). Within a certain cosmic
time window, the Universe’s environmental conditions facilitate
the emergence of LRDs, while at lower z this channel becomes
increasingly compromised.

Whether tLRD will move towards a more traditional AGN
or else will evolve into a regular LRD is something we can-
not clarify until we understand the nature of these objects. Ac-
cording to our results, this transition phase (regardless of its di-
rection) could be linked to an environmental process that be-
gan ~ 100 Myr ago, although the conditions of this system are
very particular. To fully understand the LRD phase and its ruling
mechanisms, it will be crucial to study a larger and more com-
plete sample of these transitional objects, which exhibit mixed
features of LRDs and normal AGNS.

6. Summary and conclusions

In this work, we present The Stingray: a galaxy system at
Zspee = 5.12 found in an overdensity in the MACS 1149 flanking
field within the CANUCS observations. We analyzed the proper-
ties of 3 galaxies in this system, dubbed tLRD, BBG, and SAT1,
which show up as an interacting system. Similar to the Building
Blocks System of Asada et al. (in prep.), it reflects an example
of a “boosted hierarchical galaxy assembly” process.

tLRD and SAT1’s SFHs show evidence of interaction pro-
cesses that took place 10 and 100 Myr ago, linked to BBG. The
result of these interactions led to a more rapid growth of their
stellar mass than that driven by secular processes, which are
dominant in BBG. Additionally, tLRD’s burst 10 Myr ago can
be attributed to a delay in the activation of the AGN activity rel-
ative to the star formation burst. A later activation could extend
the interaction-driven burst that took place in tLRD 100 Myr ago.
Thus, the environment allows for black hole mass growth in such
low-M, high-z systems.

The AGN in the Stingray shows properties that are partially
compatible with LRDs. tLRD could thus be a transition object
(see Billand et al. 2025) showing us the emergence or fading out
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of an LRD phase at zgpec = 5.12, with galaxy-galaxy interactions
being a potential trigger.
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Appendix A: The fuzz

Centered around C2, and covering C1, C3, and partially the
tLRD, we can see a fuzzy structure that could potentially af-
fect the measurements of all these galaxies. In this appendix, we
discuss the properties of this fuzzy emission and include a cor-
rection intended to remove potential contamination in the tLRD
photometry that might not be accounted for by the aperture cor-
rection.

To define this fuzzy structure, we measured its emission in
residual images computed for each band. These residual im-
ages were obtained using the PSF photometry functions from
photutils. We modeled the emission of the sources in the
system with psfphot, which provided us with the residuals
of the PSF fit. The aperture radius, used to estimate the ini-
tial flux of each source, was set to 3 pixels in psfphot, with
fit_shape = (5, 5). We used the PSF-matched images homog-
enized to the F444W resolution.

PSF photometry assumes that the sources are point-like in
each of these bands, which is not the case here. This implies that
our residual images may also include emission from the afore-
mentioned objects. The latter could lead to an overestimation of
the fuzzy emission. However, this is not concerning since the
purpose of this Appendix is to provide some insights into the
fuzz features, as well as a range within which the SED-inferred
properties of the tLRD can vary.

We used the voronoi_2d_binning method from the
vorbin Python package in the residual images. This package is
an implementation of the two-dimensional adaptive spatial bin-
ning method of Cappellari & Copin (2003). It utilizes Voronoi
tessellations to bin data to a given minimum S/N, allowing us to
define the regions contributing to the fuzz. We computed pixel-
by-pixel photometry of each of these regions and combined them
to produce the SED of the total fuzz. The photo-z was estimated
using EAzY, and the SED-derived properties were computed as
in Sec. 4.2. We show the photometry, best-fitting models, and
SFH of the fuzz in Fig. A.1. According to our analysis, this is
a z ~ 0.8 projection of 108 M, with Ay = 0.07 mag, and log
SFR [My/yr] = —1.45. It could be dynamically coupled with C2
and/or C3, at the same z.

To compute the correction for the tLRD photometry, we drew
three one-pixel-width annuli, separated by half a pixel, around
the 0.3” aperture. Looking at Fig. 1, we see that the tLRD is
off-center from the fuzz. Part of the tLRD is not exposed to this
emission, so we divided the annuli in half, assuming the left side
is free from contamination. This allows us to estimate the fuzz
flux with respect to the sky in each annulus. We took the mean
value considering the three annuli. This was done for every filter,
resulting in a more significant correction for the rest-frame UV
than for the optical. However, this correction is small enough
that the tLRD retains its blue UV slope. We show the effects of
this correction on the tLRD photometry in Fig. A.2. The SED-
derived parameters from Bagpipes based on the corrected pho-

tometry are log M, /Mo = 8.98782, Ay = 0.86) 57 mag, and log

SFR[M/yr] = 0.95(1):(8)2. These are compatible with the estimates
reported in Table 3, and the SFHs also match. Therefore, the
presence of this fuzzy emission does not alter our results.

Appendix B: The companions: C1, C2, and C3

We used Bagpipes and Dense Basis to fit the SEDs of Cl1,
C2, and C3. Their photometry, best-fitting models, and SFHs are
displayed in Fig. B.1. Table B.1 comprises their physical prop-
erties. C1 is the only source that could be at z ~ 5 according
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Fig. A.1: Top: photometry of the fuzzy emission (open red cir-
cles) and best-fitting models from Bagpipes and Dense Basis
(in orange and violet). Check Fig. 2 for a complete description
of the markers and color codes used in this plot. Bottom: SFHs
derived with Bagpipes (orange) and Dense Basis (cyan). The
shaded regions correspond to the area enclosed within the 16th
and 84th percentiles.

to these codes. We observe a dropout from FO90W to FO70W,
which is consistent with the Lyman break at z ~ 5. There is also
a hint of [OIII] emission at z ~ 5 in the F300M — F335M image
(see Fig. 1). However, the contamination due to the tLRD makes
its fitting and interpretation quite challenging.

Appendix C: Bagpipes and Dense Basis priors

In Table C.1 we show the values for the priors used in Bagpipes
and Dense Basis.

Appendix D: Testing AGN priors

In order to test the consistency of our SED-derived properties
in the case of tLRD, we forced different AGN solutions by
changing the @, and 8, priors. The original AGN solution, us-
ing broad priors for both parameters (see Table C.1), yielded
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Table B.1: Best-fitting parameters of the companions derived using Bagpipes and Dense Basis.

ID | log M, /Mg | log SFR [M/yr] | A, [mag] | log M,/My | log SFR [My/yr] | A, [mag]
Bagpipes Dense Basis

Cl| 8690 0.7007 0.619% 9.04954 0.709% 0.43043

c2 8.00%(3) —0.755%160 0.148:(2)2 8.105:253‘ —0.71:83? 0.238:3?

C3 8.452:% —0.93:‘1’}3 0.238:3% 8.502:?; -1.1 3:(2’:;‘2‘ 0.228:32

Notes. We include the 16th and 84th percentiles. The star formation rates correspond to SFR¢g.
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Fig. A.2: Effect of the fuzz correction on the tLRD photometry.
The original photometry is shown as open red circles while the
corrected values are displayed as open blue circles.

a, = —1.43, 8, = 0.64. The seed and final M, are 1074 M,
and 10°! M, respectively.

As a result of our tests we got four alternative fits, which we
called Tests 1, 2, 3, and 4:

— Test 1t @y = —234, 81 = 136, My e = 1077 Mo,
M*,ﬁnal = 109'1 M@
— Test 2: @y = 085,81 = —130, My sea = 10" Mo,

M*,ﬁnal = 109.1 MO

Test 3: @y = 0.78, B4 = 1.93, My seed = 1073 Mg, M fina =
10% M,

Test 4: a; = -2.30, 8,
M*,ﬁnal = 108.9 MO

1.89, My seea = 107'2M®’

The final M, estimates are all consistent with the resuls pro-
vided in Table 3. The seed masses are slightly less massive in
Tests 3 and 4, and more massive in Tests 1 and 2. We show the
corresponding SFHs in Fig. D.1.

All tests match the overall trend depicted by the tLRD’s SFH,
displayed in Fig. 8. They show larger uncertainties than the orig-
inal fit for + > 10 Myr (especially Tests 3 and 4), but reflect
upturns at 10 and 100 Myr which cannot be explained by sec-
ular evolution alone. Tests 3 and 4 place tLRD below the MS
~ 500 Myr ago. The upturn taking place 100 Myr ago would
have moved tLRD above the MS. It is important to remember

Table C.1: Priors used in this work.

Bagpipes
SFR:
log Z/Z,, (0.001, 2.5)
log M*,formed/Mo (6,13)
Bin edges [Myr] (0, 10, 100, 250
500, 800, 1100)*
Ay [mag] (0,2)
log U 0, —4)
AGN:
a, (-2.5,3)
Ba (-1.5,2.3)
Dense Basis
log M, /Mg (6, 13)
Dust prior Flat
sSFR prior sSFRflat
log sSFR (-12,-7.5)

Notes. “The bin edges shown in the table were used for the z = 5
sources, namely the tLRD, BBG, SAT1, and C1. For C2, C3, and the
fuzz, we included bins at 2500, 5000, and 5500 Myr. We set a Calzetti
et al. (2000) dust attenuation law in both codes. The redshifts were set
to the zgpee (or photo-zs in the absence of spectra).

that these are forced solutions in which we restricted the priors
to explore different regimes of the AGN parameters.

These tests show that, depending on the priors, the relative
intensities of the upturns seen in the SFH may vary, but the sce-
nario depicted by the trends remains as described in Sect. 5.1.
100 and 10 Myr ago, tLRD experienced an increase in the star
formation likely induced by the interaction and AGN triggering.
The final mass of tLRD is 10° M. The seed mass is more uncer-
tain, but it is < 108 M.

The fact that the SFH and the M, do not vary much when the
AGN model assumptions are changed highlights the important
role played by the stellar component in the fitting of this galaxy,
as also reflected by the strong [OIII] + HB emission in this source
(see Figs. 1 and 2).
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Fig. B.1: Top: photometry and SED fitting of C1 (left), C2 (middle), and C3 (right). See Fig. 2 for a complete description of the
markers and color codes used in this plot. Bottom: SFHs of these objects, following the same order.
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Fig. D.1: Original SFH of tLRD (solid orange), and SFHs obtained from our tests (green, brown, purple, and navy) on log scale. We
divide the figure in two panels, each showing the results of two tests. SFHs of analogous galaxies evolving along the main sequence
since t = 500 Myr ago are also depicted. The shaded region shows the SFH uncertainty. We do no include the uncertainty for the
original SFH solution for the sake of clarity. Vertical lines highlight # = 10 Myr (violet) and # = 100 Myr (lime), respectively.
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