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A Population of Red Galaxies with Very Strong Emission Lines at z > 5 Revealed by the NIRCam
Medium Bands: “Classic” LRDs, Dusty Star-Forming Galaxies, and a Missing Population of LRDs
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ABSTRACT

The NIRCam medium-bands have proven to be efficient at identifying Emission Line Galaxies (ELGs)
with high equivalent width (EW) Ha and [OIII] + Hf emission lines. In this paper we exploit this effi-
ciency to identify a sample of ELGs at 4.9 < z < 8.9 using medium-band imaging from the CANUCS,
Technicolor, and JUMPS surveys. We find that the ELGs exhibit a strong correlation between contin-
uum color and emission line strength, such that galaxies with bluer UV /optical continua have stronger
Ha and [OITI] 4+ H/3 emission lines. We identify 26 galaxies that are outliers from this relation, which
we call the Red Emission line Galaxies (REGs), because of their red continuum color and strong emis-
sion lines. We classify the REGs into three categories: 1) “classic” Little Red Dots (LRDs) selected
with common literature criteria, 2) extended REGs, resolved in F444W and (consistent with being
Dusty Star Forming Galaxies (DSFGs), and 3) compact REGs, unresolved in F444W but not clas-
sified as LRDs. The compact REGs fail common LRD selections for several reasons, including faint
continuua, contamination from very strong [OIII] + HS, and UV /optical colors that are flatter than
those of LRDs. We conclude that the compact REGs are likely LRDs that “classic” selection criteria
miss, and are therefore missing from existing samples. Our results suggest that medium-band selection
can provide more complete samples of these objects.

Keywords: Emission line galaxies (459), Starburst galaxies (1570), Active galactic nuclei (16), High-
redshift galaxies (734), James Webb Space Telescope (2291)

1. INTRODUCTION the high-redshift galaxy population to be remarkably

The James Webb Space Telescope (JWST) has pro-
vided extensive observations galaxies at z > 5, revealing
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diverse. One of the most abundant populations of high-
redshift galaxies are emission-line galaxies (ELGs, e.g.
C. C. Williams et al. 2023, J. Matthee et al. 2023 K.
Boyett et al. 2024, J. Guo et al. 2025, M. Llerena et al.
2025), which have high equivalent-width (EW) optical
emission lines driven by star formation or active galactic
nuclei (AGN). While there is no universal definition of
ELGs, the Ha and [OIIT] + HB EWs of ELGs at z 2 5
commonly exceed > 500A, even reaching > 2000A in
the most extreme cases (e.g. S. Withers et al. 2023, K.
Davis et al. 2023, J. A. A. Trussler et al. 2025).

Beyond ELGs, which often exhibit blue continuum
colors (e.g. A. Harshan et al. 2024, G. Felicioni et al.
2026), JWST has identified a substantial population of
very red galaxies at z > 3. This population includes
extremely red objects (EROs), and consists of several
types of galaxies, including quiescent galaxies, dusty star
forming galaxies (DSFGs), and AGN/Little Red Dots
(LRDs, e.g. E. J. Nelson et al. 2023, G. Rodighiero et al.
2023, R. Gottumukkala et al. 2024, C. C. Williams et al.
2024, G. Barro et al. 2024, J. Antwi-Danso et al. 2025,
D. D. Kocevski et al. 2025, R. Tripodi et al. 2025). As
such, red galaxies have a wide range of Ha and [OIII]
+ HB EWs. While many have weak to moderate EW
emission lines (e.g. L. Barrufet et al. 2025a find EW (Ha)
~ 68— 550A), a subset have much higher EWs and qual-
ify as ELGs (e.g. P. G. Pérez-Gonzélez et al. 2023, H. B.
Akins et al. 2023).

Galaxies with both high EW emission lines and red
continuum colors represent a unique and extreme sub-
set of the overall galaxy population. Many of these red
ELGs have the “V-shaped” spectral energy distributions
(SEDs) characteristic of LRDs (e.g. XELG-z6 of P. G.
Pérez-Gonzalez et al. 2023, D. D. Kocevski et al. 2025,
D. J. Setton et al. 2025), while others lack this UV excess
and are red due to large amounts of dust attenuation,
with Ay > 1 mag (e.g. N. S. Martis et al. 2025). The
current interpretation of these red ELGs is that they
host obscured starbursts or AGN, and constitute some of
the most massive and vigorously star-forming systems at
high-redshift. Additionally, there is evidence that high-
redshift dust obscured galaxies are progenitors to later
populations of massive or extreme galaxies (e.g. H. B.
Akins et al. 2023, M. Tarrasse et al. 2025, A. Ganguly
et al. 2025). As such, red galaxies with strong emission
lines are a valuable tool for probing early galaxy evo-
lution, as well as obscured star formation and AGN at
high-redshift.

Many existing samples of red galaxies at z > 3 have
been identified through broad-band color selections,
such as F150W — F444W or F150W — F356W color
cuts (e.g. G. Barro et al. 2024, L. Barrufet et al. 2025b,

T.-K. Yang et al. 2025). While these selections have
produced large samples of red galaxies, they often place
signal-to-noise ratio (S/N) or magnitude cuts on at least
one broad-band filter (often F'444Wp,q, < 27 — 28 mag,
e.g. L. Barrufet et al. 2025a), which biases samples to-
wards brighter galaxies. The population of faint, red
galaxies could represent an important sub-population of
red galaxies, but such objects remain poorly understood
due to limited sample sizes (e.g. H. B. Akins et al. 2023,
G. Rodighiero et al. 2023, C. C. Williams et al. 2024, R.
Gottumukkala et al. 2024).

An effective way to probe populations of faint red
galaxies is through the NIRCam medium-band filters.
Not only does the increased spectral resolution of
the medium-bands provide more accurate estimates of
galaxy redshifts, physical, and spectral properties (e.g.
Y. Asada et al. 2023, G. T. E. Sarrouh et al. 2024, B.
Lorenz et al. 2025), they also enable robust selection of
galaxies based on their emission lines. Such selections
often involve medium-band color cuts that target flux
excesses driven by strong emission lines, most commonly
the Ha or [OIII] 4+ HY lines. Existing medium-band se-
lected samples of ELGs have already proven useful at
investigating red, high-redshift galaxies. For example,
N. S. Martis et al. 2025 used a sample of medium-band
selected ELGs to investigate obscured star-formation at
z > 7.5, and highlighted the effectiveness of such sam-
ples at probing obscured systems.

In this paper, we use NIRCam medium-band imaging
to identify 26 galaxies with red continuum fluxes and
strong Ha or [OIII] 4+ H/3 emission lines at z = 5, which
we call the Red Emission line Galaxies (REGs). We clas-
sify the REGs into three categories: (1) classic LRDs,
(2) extended REGs, and (3) compact REGs. Our inter-
pretations of the classic LRDs and the extended REGs
are straightforward, however we show the interpretation
of the compact REGs is more puzzling. Overall, we con-
clude the compact REGs likely constitute a population
of LRDs which fail typical selection criteria (e.g. D. D.
Kocevski et al. 2025, V. Kokorev et al. 2024) and are
missing from current samples. We discuss our obser-
vations in §2, our sample selections in §3 and §4, and
classification in §5. Finally, we discuss the nature of
the compact REGs in more detail in §6. We assume a
cosmology of Hy = 72 km s~ 'Mpc™!, Q,, = 0.27 and
Qa = 0.73. All magnitudes are reported using the AB
magnitude system (J. B. Oke 1974, J. B. Oke & J. E.
Gunn 1983), and all EWs are reported in the rest-frame.

2. OBSERVATIONS

We use NIRCam imaging obtained as part of the
CAnadian NIRISS Unbiased Cluster Survey (CANUCS,
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Figure 1. Color-color diagrams for galaxies with the Ha or [OIIl] + Hf emission lines in one of the F410M (top left),

F430M (top right), F460M (bottom left), and F480M (bottom right) bands, with the sample filtered to galaxies at the correct

redshift (see also Table 1).

In each panel, the y—axis color highlights the rest-frame UV-optical continuum, using F'150W to
measure the rest-frame UV, and either F360M or F410M to measure the rest-frame optical (see Table 1).

The z-axis color

then highlights the strength of the Ha or [OI1I] + Hf emission lines, using either F'360M or F410M to measure the rest-frame
optical continuum, and the band containing an emission line. Bluer x—axis colors indicate stronger emission lines while redder

colors indicate weaker lines.

C. J. Willott et al. 2022), JWST in Technicolor (G. T. E.
Sarrouh et al. 2026), and JWST Ultimate Medium-band
Photometric Survey (JUMPS, C. Withers et al. 2024,
GO ID 5890) programs. CANUCS provides deep NIR-
Cam imaging (~ 28.9 mag in medium bands, ~ 29.4
mag in broad bands to 50 for point sources) of ten fields:
five massive galaxy cluster fields (Abell 370, MACS0416,
MACS0417, MACS1149, and MACS1423), and five ad-

jacent flanking fields. The cluster fields have obser-
vations in seven broad and one medium-band filters
(FO90W, F115W, F150W, F200W, F27TW, F356W,
F410M, and F444W), while the flanking fields have
imaging in five broad-band (F090W, F115W, F150W,
F27TW, F444W) and nine medium-band (F140M,
F162M, F182M, F210M, F250M, F300M, F335M,
F360M, F410M) filters. JWST in Technicolor then
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provides additional imaging in three of the flanking fields
(adjacent to Abell 370, MACS0416, MACS1149) in three
broad-band (FO070W, F200W, F356W), three medium-
band (F430M, F460M, F480M), and two narrow-band
(F164N, F187N) filters. Additionally, JUMPS provides
imaging of three cluster fields (Abell 370, MACS0416,
MACS1149) in four medium-bands (F'360M, F430M,
F460M, and F480M) and ultra-deep (~ 30 mag to 50
for point sources) F'150W imaging. The 50 depths of
the Technicolor and JUMPS medium-band imaging are
similar to those of the CANUCS medium-bands

Each of the CANUCS, Technicolor, and JUMPS fields
were observed in a single NIRCam pointing using mod-
ules A and B. The position angle of the Technicolor and
JUMPS observations is matched to that of CANUCS to
ensure observations fully overlap. In this work, we uti-
lize all five of the CANUCS flanking fields as they all
include extensive medium-band observations, but only
include the three CANUCS cluster fields which have
JUMPS imaging. This corresponds to 77.6 arcmin? of
CANUCS observations, including 58.2 arcmin? which
have additional long-wavelength medium-band imaging
provided by Technicolor and JUMPS. The CANUCS,
Technicolor, and JUMPS fields also have deep imaging
available from the Hubble Space Telescope (HST). The
HST imaging varies across each field, including obser-
vations from ACS, WFC3/UVIS, and WFC3/IR, pro-
vided by J. M. Lotz et al. 2017, M. Postman et al. 2012
HST-GO-16667 (PI: M. Bradac), and PID-11507 (PI:
K.Noll). Imaging from ACS and WFC3/UVIS are in-
cluded in our analysis, however, we exclude observations
from WFC3/IR owing to their shallower depths relative
to available JWST imaging.

Additionally, CANUCS includes follow-up spec-
troscopy with the NIRSpec prism, which provides low-
resolution (R ~ 100) spectroscopy over 0.6um < A <
5.3um. We make use of the spectroscopic observations
for the REGs when available. The data processing of
NIRCam imaging and NIRSpec prism spectroscopy is
discussed in detail in G. T. E. Sarrouh et al. (2026),
including a summary of the HST, CANUCS, and Tech-
nicolor data available in each field (Table 1 of G. T. E.
Sarrouh et al. 2026). The JUMPS observations are not
discussed in G. T. E. Sarrouh et al. (2026), however
they were processed using the same techniques as the
CANUCS and Technicolor data.

3. REFERENCE SAMPLE SELECTION

The REGs are a subset of two broader galaxy samples:
(1) a sample of ELGs selected using NIRCam medium-
band color cuts, the “line-selected sample”, and (2)
a sample of photometric redshift-selected galaxies, the

“photo-z-selected sample”. Both samples are similar to
those used in N. S. Martis et al. (2025), but extend down
to lower redshifts. In this section, we discuss both the
line-selected (§3.1) and photo-z selected samples (§3.2),
as well as measurements of their physical and spectral
properties (§3.4). Additionally, we compare the sample
of REGs to a sample of LRDs in CANUCS, Technicolor,
and JUMPS, which we discuss in §3.3.

3.1. Line Selected Sample

The line-selected sample consists of ELGs identified
from NIRCam medium-band color selections, similar to
the sample originally defined in S. Withers et al. 2023.
Full details of the selection will be presented in a forth-
coming paper. Here we briefly describe the colors cuts,
which were defined following the method of S. With-
ers et al. (2023). We generate synthetic NIRCam ob-
servations of galaxies using publicly available Yggrasil
spectral energy distributions (SEDs, E. Zackrisson et al.
2011) and identify which medium-band colors are domi-
nated by the Ha or [OIII] + H/3 emission line complexes
as a function of redshift. We then use these to define
single-line color cuts which identify galaxies with Ha
and [OIII] + HP emission as a function of redshift, which
are sensitive to galaxies with rest-frame EWs > 200A.

By selecting galaxies based on medium-band flux ex-
cesses driven by emission lines, we are able to iden-
tify galaxies independent of their underlying continuum
emission. As such, we can robustly identify populations
of galaxies which have low S/N in the NIRCam broad-
bands, and thus poorly constrained Lyman breaks. In
order to ensure such galaxies are included in the line-
selected sample, we do not impose any S/N cuts on the
broad-bands, as is generally required in broad-band se-
lections of high-redshift galaxies (e.g. F444W in ERO
selections, C. C. Williams et al. (2024)). Instead, we
require sources have S/N > 3 in the medium-band con-
taining an emission line, and that medium-band colors
have S/N > 4.

In addition to the color and S/N cuts, we utilize sev-
eral other quality cuts to minimize contamination in our
sample. First, we employ a redshift cut using photo-
metric redshifts measured from the EAZY-py SED fitting
code (G. B. Brammer et al. 2008). The photometric red-
shifts are measured using the R. L. Larson et al. (2023)
templates and Y. Asada et al. (2025) prescription for
IGM/CGM attenuation. This redshift cut determines
which of the Ho or [OIII] + H/ emission lines is respon-
sible for driving the medium-band colors, and excludes
low-redshift interlopers from our sample (e.g. z ~1—2
Pa—a or Pa—f emitters). While our sample of ELGs
extends down to z ~ 3, we limit this analysis to galaxies



with He or [OIIT] + HS in one of the F410M, F430M,
F460M, or F480M bands. This corresponds to redshifts
4.9 < z £ 9.2. Additionally, we require galaxies to have
observations in HST bands F435W and F606W. This
further excludes low-redshift interlopers by ensuring our
sources are not detected bluewards of the Lyman break.

Finally, we account for contamination from brown
dwarfs using the Sonora brown dwarf templates (M. S.
Marley et al. 2021). The Sonora templates provide SEDs
for brown dwarfs with effective temperatures 200K <
Teg < 2400K, which extends down to the extremely cold
brown dwarfs shown to contaminate samples of high-
redshift galaxies (e.g. G. Gandolfi et al. 2026, M. Bradac
et al. 2026). We fit our sample with the Sonora tem-
plates in EAZY-py, and require sources be better fit by
galaxy templates than brown dwarf templates by enforc-
ing XQGalaa:y < X2B7‘owanarf'

We visually inspect the sample to exclude spurious
sources, such as cosmic rays near the detector edges.
Following this visual inspection, these cuts produce a
sample of of 2060 ELGs over 4.89 < z < 9.28. There are
86 objects in the line-selected sample which have avail-
able spectroscopic redshifts from CANUCS NIRSpec
prism observations. These yield a |zspec — Zphot| = 0.015,
confirming the accuracy of the medium-band color selec-
tions.

3.2. Photometric Redshift Sample

The second sample used to search for REGs is se-
lected based on their photometric redshifts, which we
refer to as the photo-z-selected sample. The photo-z-
selected sample serves as a reference sample for compar-
ison with the line-selected sample. As discussed above,
high-redshift galaxy selections commonly place mini-
mum S/N requirements on broad-band filters which bi-
ases these samples towards brighter sources. The photo-
z-selected sample is designed to replicate such samples,
by placing minimum S/N requirements on the under-
lying continuum emission of galaxies. As such, objects
in the photo-z-selected sample are more in-line with ex-
isting samples of high-redshift galaxies, making them a
useful reference sample to compare to the line-selected
sample.

We use a selection similar to that of C. J. Willott
et al. (2024), who measured the UV luminosity function
for z > 7.5 galaxies in CANUCS. In order to keep the
photo-z-selected sample consistent with the line-selected
sample, we extend their selection criteria down to lower
redshifts which fully overlap with our line-selected sam-
ple. We do this by separating the photo-z-selected sam-
ple into two redshift bins. For the higher redshift bin,
we require:

1. 7.3 < Zpnor < 9.2
2. z160 2> 6

3. S/N(F27TTW) > 8
1. S/N(FA35W) < 2
5. S/N(F606W) < 2

6. S/N(FO90W) < 2

Here, zppot is the maximum likelihood redshift and
z160 is the 16th percentile of the redshift probability
distribution function from EAZY-py. At these redshifts,
F277W measures the rest-frame optical continuum, and
the S/N(F277W) requirement ensures sources are well
detected at these wavelengths. The additional S/N cuts
on F435W, F606W, and F090W rule out low-redshift
interlopers by ensuring sources are not detected at wave-
lengths bluewards of the Lyman break. The cut on z149
serves a similar function, by excluding objects which
have potential lower redshift solutions. In the lower red-
shift bin, we adopt similar requirements but adjust the
filters to probe lower redshifts:

1. 4.9 S zphot S 7.3

2. z160 > 4

3. S/N(F200W) > 8 or S/N(F182M + F210M) > 6
4. S/N(F435W) < 2

5. S/N(F606W) < 2

In this case, the S/N requirements on F182M,
F210M, and F200W serve the same purpose as the
S/N(F277TW) requirement in the high redshift bin. We
utilize a combination of F182M + F210M or F200W
to probe the rest-frame optical continuum, as the filter
coverage varies by field. While the three flanking fields
with Technicolor observations have coverage in F'182M,
F210M, and F200W, the two flanking fields without
Technicolor observations (MACS0417 and MACS1423)
have coverage in only F182M and F210M, while the
three cluster fields have coverage in only F200W. Thus,
we use F'200W to constrain the rest-frame optical when
available, and use F182M and F210M otherwise. We
adjust the S/N requirements of F182M and F210M
to account for the shallower depth of the medium-bands
compared to the broad-bands. Following a visual inspec-
tion, our photo-z sample consists of 592 sources across
4.89 < z < 8.89.



Red Continuum & Weak Lines, Zppot = 5.66

Red Emission-line Galaxy, Zyhot = 6.02

1EW(Ha) =168 + 484
EW([OIlII] + HB) = 412 + 534

| .

1001 EW(Ha) = 1347 + 934
5 EW([OIlI] + HB) = 3309 + 204 A

=30 > 60+
= =
< 50 < g0
——
10 # Medium Bands 201
# Broad Bands
0 T T T T T o0 :
1 2 3 4 5 1 2 3 4
Wavelength (um) Wavelength (um)
Ha Line Color: 0.44+0.05 Ha Line Color: 1.84+0.05
Continuum Color: 0.53+0.04 Continuum Color: 0.63+0.06
REG Selection Criteria
3] Line Selected
% Photo-z Selected
* REGs . Red Continuum &
— Best-Fit Y * Strong Lines
—-=—=- Selection
2 - +
§ Red Continuum & ‘* *
o Weak Lines #
o L oA
E 1y T *
E E
c | S e e -
2 *
= S~~a
O | T W R T e T Tt~
@)
01 e "z 3
ik Blue Continuum &
gt b Strong Lines
-1 -
* * * *
oo s .
Line Color
Average ELG, zppot =6.1 Blue Continuum & Strong Lines, Zypot = 5.21
50 { EW(Ha) = 1200 + 152 & 501 EW(Ha) = 2209 + 4194
EW([OIlI] + HB) = 2138 £ 205 A EW([OIII] + HB) = 2848 £ 427 A
40 401
= .0 = 304
201 @ 5]
— _._
10 101 l |'+'
0 . , T T 0 : : .
1 2 3 4 5 1 2 3 4 5
Wavelength (um) Wavelength (um)

Ha Line Color: 1.6+0.06
Continuum Color: -0.05+0.06

Ha Line Color: 1.85+0.13
Continuum Color: -0.88+0.14

Figure 2. All four panels in Figure 1 combined onto one panel. There is a correlation between emission line strength and
continuum color, where bluer galaxies have stronger emission lines (bottom right), and redder galaxies have weaker emission
lines (top left). We fit both samples with a straight line which allows us to calculate an expected continuum color based on a
given emission line color. We then define the REGs (pink stars) as galaxies with continuum colors > 20 redder than this fit.
Fitting for the line- and photo-z-selected samples were performed separately, and we show the best fit (solid black line) and
20 selection criteria (dashed line) for the line-selected sample only. The best fit and selection for the photo-z-selected sample
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(bottom left), galaxy with red continuum fluxes and weak emission lines (top left), and a REG (top right). The EWs reported
for each example are measured directly from the medium-band photometry, as described in §3.4.



3.3. LRD Sample

In addition to the line-selected and photo-z-selected
samples, we search for LRDs in our dataset to cross-
check with the sample of REGs. We apply the LRD
selections of V. Kokorev et al. (2024) and D. D. Ko-
cevski et al. (2025), which yields a sample of 75 LRDs
over 1.16 < z < 9.08. Most LRDs meet both selection
criteria, while a handful are only selected by one. We
include all LRDs in our sample for completeness.

In order to accurately compare the LRDs with the
line- and photo-z-selected samples, we perform several
additional cuts to ensure the samples are consistent.
First, we limit the sample of LRDs to 4.89 < z < 9.23
to align with the line- and photo-z-selected samples.
Additionally, we require the LRDs have observations
in HST bands. We highlight that neither V. Kokorev
et al. (2024) or D. D. Kocevski et al. (2025) impose
such a requirement. However, we choose to include this
in our LRD selection for consistency, as both the line-
and photo-z-selected samples require sources have ob-
servations in bands blue-wards of the Lyman break. At
z > 4.89, this requires observations in at least one HST
band (e.g. F435W and F606W). Thus we exclude
LRDs which lack the relevant HST observations. The
photo-z cut removes 31 LRDs from the sample, while
the HST coverage requirement removes 24 LRDs.

Finally, we perform an additional redshift cut on
LRDs found in the MACS0417 and MACS1423 flank-
ing fields. These fields have CANUCS observations in
F410M, but lack the additional F430M, F460M, and
F480M imaging provided by Technicolor and JUMPS.
As discussed in §3.4 and §4, our emission line measure-
ments (e.g. EW) and REG selections require that one
of the Ha or [OIII] + Hf emission lines falls in a ~ 4um
medium-band. As such, we are unable to measure the
emission line properties of objects in MACS0417 and
MACS1423 which have the Ha or [OIIl] + HS emis-
sion lines redwards of F'410M. While such objects can
still be selected as LRDs based on the selection criteria
of V. Kokorev et al. (2024) and D. D. Kocevski et al.
(2025), they will be excluded from our sample of REGs
because they lack F'430M, F460M, and F'480M obser-
vations. Thus we exclude them from this analysis to
ensure consistency. This cut excludes an additional 5
LRDs, bringing our sample size to 15 LRDs.

3.4. Physical and Spectral Properties

We measure the Ho and [OIII] + HB EWs for all three
samples defined above using the methods outlined in G.
Vilella-Rojo et al. (2015). Since the line-selected sam-
ple contains a combination of objects with bright, well
detected continuum fluxes and faint, undetected con-
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tinuum fluxes, we employ several different methods to
measure the underlying continuum. The first method is
applicable to bright galaxies which have continuum de-
tections in several filters. In this case, we fit a power law
of the form fy oc A® to the underlying continuum using
filters which are uncontaminated by prominent spectral
features, such as strong emission lines, the Lyman break,
and the Balmer break. Thanks to the extensive medium-
band coverage in these fields, there are ~ 9 — 11 bands
available to fit the continuum at each redshift, of which
we require at least three to have S/N > 3. We then fit
these filters with a power law, and use this fit to measure
the continuum in medium-bands containing the Ha or
[OIII] + HS emission lines.

If fewer than 3 filters have S/N > 3, we measure the
continuum using the uncontaminated medium-band fil-
ter(s) closest in wavelength to the filter containing an
emission line. If there are two neighbouring bands with
S/N > 3 available (one bluewards and one redwards of
the band with the emission line), we take the average
of those two bands and assume they are representative
of the underlying continuum. Alternatively, if only one
neighbouring band with S/N > 3 is available, we as-
sume a flat continuum and take the flux in that band to
be representative of the underlying continuum at nearby
wavelengths. Finally, if there are no neighbouring bands
with S/N > 3, we take the 20 limit of the neighbouring
band with the highest S/N as a continuum measure-
ment, and calculate a lower limit on the EW.

To estimate the physical sizes, we use GALFIT (C. Y.
Peng et al. 2010) to fit single-component Sersic profiles
to our sources. Among the parameters fit are the effec-
tive radius (Rest), Sersic index (n), axis ratio (b/a), and
total magnitude. The effective radius was allowed to
vary between 0.04” < R.yy < 4", Sersic index between
0.2 < n < 10, axis ratio between 0.05 < a/b < 1, and
total magnitude within +3 magnitudes of the photome-
try. Additionally, we convert the fitted effective radii to
circularized radii and measure the circularized effective
radius in kiloparsecs (kpc). Full details of the fitting will
be described in Merchant et al. in prep.

Finally, we perform additional SED fitting using
BAGPIPES (A. C. Carnall et al. 2018) to estimate the
physical properties of the line and photo-z-selected sam-
ples. While AGN templates are included in BAGPIPES,
we exclude the LRDs from this analysis as there is no
generally accepted method of measuring their physical
properties using BAGPIPES. The BAGPIPES fitting is per-
formed within zgazy —py £ 0.05 of the photometric red-
shift, assuming a double power-law star formation his-
tory, G. Chabrier (2003) IMF, and D. Calzetti et al.
(2000) dust law. We utilize the same priors as those
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Figure 3. EW(Ha) (left) and EW([OIII] + HfS) (right) vs. photometric redshift for our samples. REGs which ony heave
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EWs, and include both some of the lowest and highest EW objects in the line- and photo-z-selected samples.

in the CANUCS data release (outlined in Table 4 of
G. T. E. Sarrouh et al. 2026), however we re-do the fit-
ting in this work to utilize the JUMPS observations, and
to ensure the photometric redshifts used in the SED fit-
ting agree with those from EAZY-py. As our sources are
at high-redshift, we fit the COLOR0O3 apertures, as this
ensures the highest S/N for our sources.

4. A POPULATION OF RED GALAXIES WITH
STRONG EMISSION LINES

Correlation Between Continuum Colors and Line
Emission Strength

4.1.

We investigate the relationship between galaxy con-
tinuum colors and emission line strengths using four
color-color diagrams in Figure 1. The colors in each
panel of Figure 1 are chosen to highlight two features
of galaxy SEDs. The first color is chosen to measure
the strength of the Ha or [OIII] + H/S emission lines
(z—axis). This emission line color is measured using two
nearby medium-bands, including one which contains the
Ha or [OIII] 4+ HpS emission lines (one of the F'410M,
F430M, F460M, or F480M). The second medium-
band is a neighbouring filter free of strong emission lines,
which provides an estimate of the underlying continuum
flux nearby the Ha or [OIII] + HpS emission lines (either
F360M or F410M). This “continuum band” is always
bluewards of and close in wavelength to the filter con-
taining the emission line. In order to ensure that these
colors provide accurate measurements of emission line
strengths, we perform a redshift cut on the line and
photo-z selected samples. This cut ensures that one
of the Ha or [OII] + Hf emission lines is fully con-
tained within the correct medium-band filter, and that

the continuum band is not contaminated with nearby
emission-lines. The redshift cuts and continuum bands
used in each panel are summarized in Table 1, and are
highlighted in each panel of Figure 1.

The second feature highlighted in Figure 1 is the rest-
frame UV-optical continuum (y—axis). This is probed
using the F150W filter, which measures the rest-frame
UV continuum, paired with the continuum band de-
scribed above, which measures the rest-frame optical
continuum. In order to ensure accurate measurements
of the optical continuum, we perform an S/N cut of
S/N > 3 on the band that measures the optical con-
tinuum. This is necessary since the line-selected sam-
ple is designed to identify faint ELGs, and contains
many “emission-line only” sources that are only well
detected in medium-bands that contain strong emission
lines. These sources will have low S/N in the continuum
band, leaving their rest-frame optical continua poorly
constrained. As such, these sources are unsuitable for
our analysis. However, we do not perform any S/N cut
on F150W since many red galaxies are faint or unde-
tected in the rest-frame UV. In total, this produces a
sample of 862 line-selected galaxies and 405 photo-z se-
lected galaxies over 4.9 < z < 8.9.

Each color-color diagram in Figure 1 has a large di-
versity of galaxy colors. These range from strong line
emission (very red x—axis colors) and blue continuum
colors, to weaker line emission (bluer z—axis colors) and
We note that the subset of
line-selected galaxies with line emission colors ~ 0 mag
are sources which have Ha in the ~ 4pm medium-bands.
All these sources were selected based on their [OIII] +
Hp emission lines which fall in medium-bands bluewards

redder continuum colors.
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of F410M, and thus their [OIII] + HS emission line col-
ors are not included in Figure 1. These sources have
generally weak [OIIT] + Hp lines (EW< 500A) and even
weaker Ha emission which leads to line emission colors
~ 0 in Figure 1. Including such sources in our analysis
allows us to assess the effect of low-EW emission lines
to the correlation.

In each panel of Figure 1, there is an apparent cor-
relation between continuum colors and emission line
strength, where galaxies with bluer continuum colors
tend to have stronger emission lines (bottom right), and
galaxies with redder continuum colors have weaker emis-
sion lines (top left). To further investigate this correla-
tion, we combine each panel of Figure 1 onto a single
panel in Figure 2. Here, we use the same colors as in
Figure 1, but they are re-labelled as simply a line color
(r—axis) and continuum color (y-axis). When combin-
ing the four panels of Figure 1, we remove any duplicate
objects which appear in more than one panel. These
duplicates occur when one emission line appears in two
overlapping medium-bands (either F410M and F430M
or F460M and F480M). We exclude the filter with
the weaker line emission color (z-axis), and include only
the stronger color in Figure 2. In all cases, the contin-
uum color (y-axis) is unaffected by which filter is used
to measure the line emission. Additionally, we note that
none of the objects in Figure 1 appear in two panels due
to the presence of Ha and [OIII] + HP in two different
filters. This is a consequence of the [OIII] + Hf lines

only entering F'410M at z ~ 6.7, by which point Ha has
been redshifted out of F480M.

In order to test if there is a correlation between emis-
sion line strength and continuum colors in Figure 2,
we perform a Spearman’s correlation test on the line
and photo-z selected samples. The Spearman’s cor-
relation tests yields coefficients of pjne = —0.34 and
Pphoto-> = —0.38, with p-values of piipe ~ 1 X 10~2% and
Pphoto-z ~ 1% 10713, respectively. This confirms the cor-
relation between emission line strength and continuum
color, albeit with a large scatter. Performing the Spear-
man’s test on each of the panels in Figure 1 individually
yields similar results, with a statistically signification
correlation in each panel.

In order to assess the influence of the filters used to
measure continuum colors on this correlation, we per-
form the Spearman’s correlation test on two variants of
Figure 2. The first variant tests if the correlation is
driven by our choice to use the same medium-band to
measure the rest-frame optical continuum on both axes,
as this can produce an inherent correlation in low S/N
data. We test this by changing which medium-band fil-
ters are used to measure the rest-frame UV-optical con-
tinuum colors: for sources with emission lines F410M or
F430M we measure the UV-optical continuum using an
F150W — F335M color (instead of F150W — F360M ),
while we use an F150W — F'360M color for sources with
emission lines in F'460M or F480M (instead of F150W —
F410M). We leave the filters used to measure the line
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emission colors unchanged so that the rest-frame op-
tical is being probed by different filters on each axis.
Performing a Spearman’s correlation test on the result-
ing distribution produces a coefficient of p = —0.14 and
p ~ 4 x 1073, This confirms a statistically significant
correlation between emission line strength and contin-
uum color, although weaker than the distribution in Fig-
ure 2.

Additionally, we assess the effect of using the same
bands to measure the rest-frame UV (F150W) and op-
tical (F'360M or F410M) continuum flux, irrespective
of redshift. For galaxies in the lower-redshift range
of our sample where Ha falls in one of the ~ 4um
medium-bands, F'150W samples rest-frame wavelengths
of 0.19 < Arest, uv S 0.25 while F360M and F410M

~

samples rest-frame wavelengths of 0.54 < Avest, Opt S
0.61. However, in the higher-redshift range where [OIII]
+ Hp falls in one of the ~ 4pm medium-bands, the rest-
frame wavelengths probed by these filters shift to 0.14 <
Arest, Uv < 0.19 in the UV and 0.40 < Avest, ops S 0.47
in the optical.

In order to test the effect this has on the correlation,
we classify our sample into two sub-samples based on
which emission line falls in the ~ 4um medium-bands:
an Ha sub-sample covering 4.89 < z < 6.58, and an
[OIII] + HPB sub-sample covering 6.71 < z < 9.23. Per-
forming the Spearman’s correlation test on each sub-
sample confirms that both have statistically significant
correlations between continuum color and emission line
strength, producing pra = —0.41 and pga = 1 x 10720
for the Ha sub-sample and pjomy + ug = —0.19 and
pom + g ~ 6 x 1073 in the [OIII] + HA sub-sample.
While this test does confirm that the correlation in Fig-
ure 2 is real, it also highlights a redshift dependence
where the strength of the relation weakens at higher-
redshifts. While we cannot rule out that this effect is
real, it is likely a selection effect where the continuum
colors are probing a smaller range of rest-frame wave-
lengths at higher redshifts, leading to a weaker corre-
lation at high-redshift than at low-redshift. Such be-
haviour could be accounted for by changing which con-
tinuum bands are used as a function of redshift so the
medium-bands always sample the same rest-frame wave-
lengths. However, this is challenging owing to different
filter depths and coverage in the fields used in this work.
Thus, given the evidence that this correlation is real
across the full redshift range we investigate, we do not
account for this effect.

Qualitatively, the correlation between continuum
color and emission line strength makes sense. The most
powerful ELGs will populate the bottom right of Fig-
ure 2, with intrinsically blue continuum colors due to

Flux Redshifts Continuum
Excess Selected Band
F410M Ha: 4.89 < 2z < 5.56 F360M
[OI1I] + HB: 6.72< z < 7.85

F430M Ha: 5.35 < 2 < 5.70 F360M
[OIII] + HB: 7.32 <z < 8.05

F460M Ha: 5.88 <z <6.32 F410M
[OIT] + HpB: 8.02 < z < 8.77

F480M Ha: 6.10 < 2z < 6.58 F410M
[OI1T] + HpB: 8.31 < 2 < 9.23

Table 1. Summary of which filters are used to create the
color-color diagrams in Figures 1 and 2, including the red-
shifts targeted.

the young stellar populations dominating their SEDs.
These stars also power high EW Ha and [OIIl] + Hf
emission lines, in some cases reaching EW > 2000A. As
the most massive stars evolve off the main sequence, the
underlying continuum fluxes will flatten and eventually
redden, and emission lines will weaken. This will push
galaxy colors towards the centre of Figure 2, with flat-
ter continuum colors and more moderate emission lines
(EWs ~ 1000A). Galaxies will then be driven to the top
left of Figure 2 with the reddest continuum fluxes and
weakest emission lines (EWs < 500A).

The presence of dust in galaxies has a similar effect by
reddening the continuum and obscuring emission lines.
The nebular regions where emission lines originate have
been shown to experience more dust attenuation than
the stellar continuum by a factor of ~ 2x (e.g. D.
Calzetti et al. 1994, see S. Salim & D. Narayanan 2020
for a review), which lowers EWs and pushes galaxies
towards the top right of Figure 2. The side panels of
Figure 2 have examples of each type of SED discussed
above.

Notably, there is a small population of galaxies occu-
pying the top right of the color-color diagrams in Figures
1 and 2. Seemingly at odds with the correlation dis-
cussed above, these objects have a combination of high
EW Ha and [OIII] + Hf emission lines and red contin-
uum fluxes. We refer to this population of galaxies as
the Red Emission line Galaxies (REGs).

4.2. Sample of Red Emission Line Galazies

To systematically identify REGs in our samples, we
fit straight lines to both the line and photo-z selected
samples in Figure 2. Both the line and photo-z selected
samples have similar fit parameters and similar amounts
of scatter. We then use these fits to calculate a typi-
cal rest-frame UV-optical continuum color as a function
of the strength of the Ha and [OIII] + Hf emission
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lines. We also measure the scatter, o, of the relation.
The REGs are then defined as galaxies whose continuum
colors are > 20 redder than the typical continuum color
based on the fit (> 0.82 mag and > 0.90 mag for the line
and photo-z selected samples, respectively). We show
the best fit (solid black line) and color selection (dashed
line) for the line-selected sample in Figure 2.

This produces a sample of 29 objects across 5.01 < z <
8.63, 26 of which are in the line-selected sample and 12
of which are in the photo-z-selected sample, with 9 being
found in both samples. The 3 objects found uniquely in
the photo-z-selected sample all have very weak emission
lines, with line emission colors < 0.3 mag and EWs <
100A. Thus, while these 3 objects qualify as REGs in
principle, they do not have emission lines strong enough
to qualify as REGs in practice, and we exclude them
from our sample. The REGs are highlighted as pink
stars in Figure 2, with REGs selected based on their
[OIII] + Hp emission lines (4 in total) outlined in black
and REGs selected on their Ho emission (22 in total)
have no outlines.

We show the EWs of the REGs, line-selected, photo-
z-selected, and LRD samples in Figure 3 (measured as
described in §3.4). The REGs have a wide range of
EWs, and include some of the lowest and highest EW
objects in the line-selected sample. All 22 REGs which
have their Ha emission-lines observed by the medium-
bands qualify as ELGs based on their Ha emission, with
EW(Ha) > 500A. However, there is a wider variation in
the EW([OIII] + Hp) of the REGs. Of the 24 REGs
which have their [OIII] + HS emission lines constrained
by the medium-bands, there are several which have very
low EW([OIII] + HpA), with some as low as ~ 150A.
Such objects qualify as REGs based on their higher

EW(Ha) emission, but have much weaker [OIII] + Hp.
Conversely, several of the REGs have extremely high
EW([OIII] + Hp) emission lines, up to EW([OIII] +
HpA)~ 2300A.

Given that the REGs are selected based on red con-
tinuum colors, it is useful to compare them with ex-
isting samples of red galaxies from the literature. In
Figure 4 we show an F150W — F444W vs. F444W
color-magnitude diagram for our line-selected, photo-
z selected, and REG samples, along with three color
cuts used to identify EROs from C. C. Williams et al.
2024 (F150W — F444W > 2.2 mag), R. Gottumukkala
et al. 2024 (F150W — F444W > 2.1 mag), and L. Bar-
rufet et al. 2025b (F150W — F444W > 1.75 mag).
The REGs exhibit the reddest F150W — F444W col-
ors among the line and photo-z selected samples, with
colors ranging from F150W — F444W ~ 1 mag to
F150W — F444W ~ 3.5 mag. Roughly 50% of the REGs
(16/26) satisfy at least one of the ERO selections based
on F150W — F444W color.

Although many of our REGs qualify as EROs, there
are important differences between the samples. Both
REG and ERO selections utilize 1.5um — ~ 4pum color
selections. However, ERO selections typically use a sin-
gle F150W — F444W or F150W — F356W broad-band
color cut while our selection is more complex, involving
two color cuts and multiple medium-band filters. This
allows us to more robustly identify galaxies with red
continuum colors, and more accurately measure their
properties, including emission line EWs, continuum col-
ors, and redshifts than typical samples of EROs. Addi-
tionally, our choice to search for REGs from an already
robust sample of ELGs (the line-selected sample) allows
us to efficiently identify REGs with faint F'444W magni-
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tudes. While the line-selected sample will exclude many
red galaxies without strong emission lines, identifying
REGs in a sample of medium-band selected line emit-
ters allows us to extend our sample down to > 28 mag in
F444W . Indeed, 7 of the REGs have F'444W > 28mag,
all of which are found only in the line-selected sample.
Such objects would be excluded from many ERO se-
lections on the basis of their faint F'444W magnitudes,
and thus remain poorly understood (e.g. C. C. Williams
et al. 2024).

5. THE NATURE OF RED EMISSION LINE
GALAXIES

In this section, we classify the REGs into three cat-
egories based on their colors and morphologies (LRD,
extended REGs, and compact REGs), and explore po-
tential origins of their spectral properties.

5.1. Little Red Dots

Inspecting the morphologies of the REGs, we can di-
vide the sample into sources with compact and extended
morphologies. This classification is highlighted in Fig-
ure 5, which shows Ay (left), EW(Hea) (middle), and
EW([OIII] 4+ HP) (right) vs. effective radii (Reg) in arc-
seconds measured in F'444W (see §3.4). The compact
sources are unresolved in F444W with R.g consistent
with point sources within uncertainties. We take the
FWHM of the F444W PSF (0.161”, G. T. E. Sarrouh
et al. 2026) as an upper limit on the sizes, which trans-
late to Resr S 1 kpe at z = 5.2 and Resr S 0.75 kpe
at z &~ 8.6. The remaining sources are all resolved in
F444W .

Given the red optical colors, compact morphologies,
and strong emission lines often observed in LRDs (e.g.
R. E. Hviding et al. 2025, D. J. Setton et al. 2025),
they provide a natural explanation for the REGs with
compact morphologies. As such, we compare our sam-
ple of REGs to the sample of LRDs identified in §3.3
and find that eight of the REGs are LRDs based on the
selection criteria of V. Kokorev et al. 2024 and D. D.
Kocevski et al. 2025. We refer to the REGs classified
as LRDs as the REG LRDs, the remaining REGs with
compact morphologies as the compact REGs (nine in to-
tal), and the REGs with extended morphologies as the
extended REGs (nine in total). We note that three of
the REG LRDs and two of the compact REGs are expe-
riencing lensing magnification. The two lensed compact
REGs, CANUCS-3112462 and CANUCS-2113181, have
pw = 1.70 and p = 2.14, respectively, and remain un-
resolved even with lensing magnification. We highlight
lensed sources in Figure 5 using black outlines, and re-
port their magnification corrected effective radii.
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Figure 6 shows the SEDs and cutouts for one of each
type of REG, and Figure 7 shows postage stamps and
effective radii of six REGs of each type. The redshifts,
EWs, and F444W magnitudes of all 26 REGs are re-
ported in Table 2. The effective radii of the extended
REGs reported in Figure 5 are the values measured from
GALFIT (see §3.4), while we report upper limits on the
effective radii of the compact REGs and REG LRDs
measured from the F444W PSF in Figure 7. We note
that several of the REGs have poor Sersic fits, and thus
have unreliable R.g measurements. This is likely caused
by the relatively low S/N in F444W than what is gen-
erally required for morphological fitting. However, the
difference between the morphologies of the compact and
extended REGs is evident through a visual inspection
alone: the extended REGs are clearly resolved and often
show evidence of structure, whereas the compact REGs
appear small and unresolved. Additionally, we incor-
porate the compactness criteria from V. Kokorev et al.
2024 and D. D. Kocevski et al. (2025) into our LRD se-
lection, which confirms the compact nature of the REG
LRDs. Thus, we still classify the REGs into LRDs, com-
pact, and extended categories, despite uncertainties in
R.g measurements.

The REG LRDs account for roughly half (eight out of
15 LRDs) of the full sample of LRDs (defined in §3.3).
As highlighted in Figure 4, the REG LRDs have simi-
lar F150W — F444W colors and F'444W magnitudes to
the full sample of LRDs. However, the EWs of the REG
LRDs are, on average, higher than the full sample of the
LRDs (Figure 3). Indeed, most of the seven LRDs which
are not classified as REGs are excluded since their emis-
sion lines fail to produce sufficiently strong emission-line
colors. As such, we conclude that the REG LRDs are
part of an abundant population of LRDs which have
very red continuum colors and strong emission lines.

5.2. FExtended REGs

The remaining REGs not classified as LRDs could
be explained by dust obscured star-formation or AGN.
Here, we explore the possibility that the extended REGs
are DSFGs. Figure 8 shows the physical properties of
the REG, line, and photo-z selected samples from the
BAGPIPES SED fits (described in §3.4), and Table 2 sum-
marizes these properties. As discussed in §3.4, we ex-
clude LRDs from Figure 8 and Table 2 as there is no
universally accepted way to measure their physical prop-
erties using BAGPIPES.

The physical properties, colors, and morphologies of
the extended REGs are all consistent with those of DS-
FGs. The extended REGs are among the most dust
obscured objects in the line and photo-z selected sam-
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Figure 7. Six cutouts for each type of REG, including REG LRDs (top row) extended REGs (middle row) and compact REGs
(bottom row). The cutouts are created using the same filters used to create the color-color diagrams in Figures 1 and 2, F150W
(blue), the continuum band (green), and the band containing either the Ha or [OIIl] + HS emission lines (red, summarized

in Table 1).

We report the photometric redshifts of each object, along with the Reg(in kpc) in F444W from GALFIT for the

extended REGs. For the REG LRDs and compact REGs, we report the upper limit on Reg (in pc) measured from the FWHM
of the F444W PSF, 0.161”. Objects marked with an asterisk are experiencing lensing magnification, with u ~ 1 —2. We correct

the upper limits on Reg for the lensing when applicable.

ples with average Ay = 1.45+8 83 mag but up to Ay ~ 3

mag, and are among the most massive sources at their
respective redshifts (average log(M, /M) = 10.17053).
Additionally, they have high SFRs (average SFR =
115. 4+Z3 égM@/yr) and young mass weighted ages (av-
erage age 73.813 14 69M yr). These properties are in-line
with DSFGs reported in the literature, and all the ex-
tended REGs meet at least one common DSFG selec-
tion criteria (e.g. B. Alcalde Pampliega et al. 2019,
L. L. Cowie et al. 2023, C. C. Williams et al. 2024,
S. J. McKay et al. 2025, J. A. Zavala et al. 2025, G.
Rodighiero et al. 2026).

Figure 9 shows a UVJ diagram for all the galaxy sam-
ples discussed in this work, with the UV J fluxes mea-
sured directly from the EAZY-py best-fit SEDs. Figure
9 includes the quiescent and star-forming regions from
J. Antwi-Danso et al. (2023), as well as the star form-

ing and DSFG regions from L. R. Spitler et al. (2014).
All the extended REGs fall within the star-forming re-
gions, but, notably, only a handful of the extended REGs
fall in the L. R. Spitler et al. (2014) DSFG region with
the rest falling in the star-forming region. This is likely
since the DSFG region is designed to target galaxies with
Ay > 1.6 mag, and several of the extended REGs fall
below that limit. We note that while these sources are
far from the most dust extincted sources known at these
redshifts (F. Sun et al. 2025, L. Bing et al. 2025), the ex-
tended REGs are among the most dust obscured sources
in both the line- and photo-z-selected samples. Addi-
tionally, they have Ay substantially higher than what is
typically observed in high-redshift star-forming galaxies
(G. Roberts-Borsani et al. 2024, M. Llerena et al. 2024).
Thus, we still consider DSFG a valid interpretation for
the extended REGs.
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Figure 8. The physical properties of our samples, measured from BAGPIPES (excluding objects classified as LRDs). The
physical properties of the extended REGs are consistent with DSFGs: high Ay (top left), high stellar masses (top right), high
SFR (bottom right), and young mass weighted ages (bottom right). The compact REGs have properties consistent with DSFGs,
including high Ay . However, they have stellar masses roughly an order of magnitude lower than the extended REGs, and more

in-line with the line- and photo-z-selected samples.

Finally, the morphologies of the extended REGs are
also consistent with DSFGs reported in the literature,
where there are many examples of DSFGs with sim-
ilar effective radii (1 S Repr S 3 kpe, eg. E. J.
Nelson et al. 2023, S. J. McKay et al. 2025, J. L.
Gibson et al. 2024). Visually inspecting the extended
REGs reveals they have complex morphologies, and of-
ten have evidence of mergers. Indeed, several of our
REGs are located in close proximity to one another.
CANUCS-5212433 and CANUCS-5212435 are extended
REGs located within ~ 6 kpc at z = 5.23. CANUCS-
5212433 is a massive galaxy (log(M,/Mg) = 10.3),
which appears to be at the centre of a merger with
four additional sources within < 6 — 7 kpc of the cen-

tre. Similarly, CANUCS-4200621 is a massive, extended
REG located at z = 5.05 with several sources within
< 5—6kpe, including another extended REG CANUCS-
4222045. Finally, CANUCS-2201093 and CANUCS-
2228428 are both located at z = 5.99 with a separation
of ~ 6.3 kpc. CANUCS-2228428 is a compact source
and CANUCS-2201093 is an extended, massive galaxy
(log(M./Mg) = 10.16), which once again appears to
be undergoing a merger. Given the physical properties
and morphologies of the extended sample, we conclude
they are massive DSFGs, many of which are undergoing
merger-induced star-formation events.
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Figure 9. A UV J diagram for our samples, including the
quiescent and star forming regions from J. Antwi-Danso et al.
2023, and the DSFG region from L. R. Spitler et al. 2014.
All the REGs are classified as star-forming galaxies, but only
seven are classified as DSFGs. Additionally, the compact
REGs and LRDs have similar UV J colors.
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Figure 10. NIRSpec prism spectrum of one of the compact
REGs, CANUCS-1207412. The inset shows the double com-
ponent Gaussian fit to the Ha emission line, including the
broad and narrow line components. This fit shows evidence
of a broad-line component in He, indicating the presence of
an AGN in CANUCS-1207412. The spectrum bluewards of
Aobs ~ 2pum falls off the detector edge.

5.3. Compact REGs as DSFGs

In the following sections, we investigate the nature
of the compact REGs, considering dust-obscured star
formation or AGN scenarios. At first glance, the com-
pact REGs are consistent with DSFGs. Their phys-
ical properties are broadly consistent with DSFGs,
including the extended REGs, with high Ay (mean
Ay = 1.63%51), young mass-weighted ages (mean

10.0%5:8. Myr), and high Specific Star Formation Rates
(SSFRs, mean log(SSFR/yr) = —7.16742, for the com-
pact REGs and mean log(SSFR/yr) = —8.0971 %5 for
the extended REGs). The compact REGs are also found
in similar regions of the UV J diagram as the extended
REGs (Figure 9), and meet several DSFG selection crite-
ria reported in the literature. While the morphologies of
the compact REGs are substantially different to the ex-
tended REGs, they are nonetheless consistent with sam-
ples of DSFGs reported in the literature, where there are
multiple examples of compact/unresolved DSFGs span-
ning a wide range of redshifts (e.g. B. Forrest et al. 2024
at z ~ 2 — 3, A. Ganguly et al. 2025 and C. Gémez-
Guijarro et al. 2023 at z ~ 3—4, H. B. Akins et al. 2023
at z ~ 7 — 8, G. Rodighiero et al. 2026 at z ~ 11).

Despite these similarities, there are several proper-
ties of the compact REGs that make a DSFG inter-
pretation less straightforward. Firstly, the compact
REGs have generally low stellar masses with a mean
of log(M,/Mg) = 8.32J_r8:8£, roughly an order of magni-
tude lower than those of the extended REGs. While the
lower stellar masses of the compact REGs remain consis-
tent with some samples DSFGs, their substantially lower
stellar masses when compared to the extended REGs
could indicate fundamental differences between the two
samples.

Additionally, the compact REGs have significantly
higher EWs than many DSFGs, including the extended
REGs. The compact REGs have EWs which are sub-
stantially higher than the extended REGs, with aver-
age EW(Ha) ~ 1135 + 187A and EW([OIII] + Hp)
~ 1257 + 275A for the compact REGs and EW(Ha)
~ 487 4+ 71A and EW([OIII] + HB) ~ 335 + 68A for
the extended REGs. While there are limited examples
of DSFGs with optical emission line strengths compara-
ble to the compact REGs (e.g. B. Forrest et al. 2024 at
z ~ 2 —3, H. B. Akins et al. 2023 at z ~ 8), the high
EWs of the compact REGs are difficult to reconcile with
the DSFG interpretation when combined with red con-
tinuum fluxes and compact sizes of the compact REGs.
As with their stellar masses, the difference in EWs be-
tween the extended and compact REGs likely suggests
that the two samples represent distinct types of DSFGs.
In this case, the extended REGs would be comparable
to the classical DSFG, while the compact REGs would
be a type of lower mass DSFG with high EW emission
lines. Conversely, this difference could also imply that
the compact and extended REGs have different ionizing
sources.
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Figure 11. Left: B:0: vs. My for the REGs, a sample of AGN with broad Ha emission lines selected from the DJA (purple
circles), including AGN classified as LRDs based on R. E. Hviding et al. 2025, and two black hole stars from A. de Graaff et al.
2025a and R. P. Naidu et al. 2025 (purple diamond and cross). The REGs (particularly the compact REGs) are generally fainter
and bluer than the sample of AGN. Middle and Right: EW(Ha) (middle) and EW([OIII] + Hp) (right) for the same the
REGs and AGN. The REGs have on average higher EW emission lines than the AGN.

5.4. Compact REGs as AGN

Finally, we discuss the possibility that the compact
REGs are hosting obscured AGN, which would provide
a natural explanation for their compact sizes, red con-
tinuum fluxes, and strong emission lines. CANUCS
NIRSpec follow-up (see §2) includes prism spectroscopy
of three REG LRDs (CANUCS-2115891, CANUCS-
5105197, and CANUCS-3108879) and one of the com-
pact REGs (CANUCS-1207412). We show the spec-
trum of the compact REG (CANUCS-1207412) in Fig-
ure 10. The UV portion of the spectrum for CANUCS-
1207412 falls beyond the detector edge, consequently,
our observations are limited to the rest-frame optical
over 0.3pum < Apest < 0.9um.

Given the broad-line Balmer emission observed in
Type I AGN, we search for evidence of a broad-line
component CANUCS-1207412 by fitting a double com-
ponent Gaussian to the Ha emission line, which fits for
both narrow- and broad-line components. We measure
the Broad-Line Region (BLR) fraction, fprr, defined
as the ratio of the line flux in the broad-line compo-
nent to the total line flux. We find fprr = 0.49 for
CANUCS-1207412, indicative of a broad-line compo-
nent. Additionally, this value of fgpg is in-line with
those measured for the three REG LRDs with NIRSpec
prism observations, which range from fprr = 0.28 to
fBrr = 0.59. This value of fprr suggests the presence
of AGN in at least one of the compact REGs.

Since the rest of the compact REGs lack spectroscopy
and other observations commonly used to identify AGN
(such as X-ray observations), we cannot conclusively de-
termine if the compact REGs host AGN. Instead, we
compare the continuum slopes, absolute magnitudes,
and EWs of the compact REGs to a sample of AGN

from the Dawn JWST Archive (DJA, G. Brammer &
V. Francesco 2025). The sample of AGN were identi-
fied from the DJA by searching for sources with NIR-
Spec prism observations that exhibit broad Ha emission
lines at 5 < z < 7.2. We require Ha S/N > 40, S/N
> 20 in the continuum surrounding Hea, and grade
3. As with CANUCS-1207412, we fit the Ha emission
line using a double Gaussian, and identify AGN as ob-
jects which have evidence for a broad-line region. This
produces a sample of 30 AGN, 21 of which are LRDs
based on the criteria of R. E. Hviding et al. (2025). We
highlight that LRDs are identified from the sample of
AGN based on NIRSpec prism observations, while the
CANUCS LRDs are selected using only NIRCam pho-
tometry.

In the left panel of Figure 11 we show the UV-optical
continuum slope, B¢, vs. the absolute V —band magni-
tude, My, for all three types of REGs, CANUCS LRDs,
and the AGN from the DJA. We measure ;. by fit-
ting a power law fy o A\? to the continuum over 1216 A
< Arest < TO00A. For the REGs and CANUCS LRDs,
we perform this fitting directly on the photometry using
the filters described in §3.4. For the sample of AGN,
we fit this power-law directly to the prism spectra after
masking out regions with strong emission lines. We mea-
sure My by taking the average of a top-hat filter with a
width of 100A centred on Acss = 5510 A. We perform
this calculation using the EAZY-py SED fit for the REGs
and CANUCS LRDs, but measure My directly from the
prism spectra for the AGN.

We find very little overlap between the sample of AGN
and the compact REGs. The AGN are typically bright,
with average My < —20.9 mag, while the compact
REGs have much fainter My, on average My ~ —19.0.
Additionally, the compact REGs are bluer than the
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AGN. The AGN have an average [;,; = 0.43 and the
compact REGs have 3;,; = —0.72. While this is still
a relatively red value for B+ (e.g. I. Mitsuhashi et al.
2025, G. Rodighiero et al. 2026), the compact REGs
remain much bluer than the AGN. It is important to
note that the difference in My, between the REGs and
AGN may be driven by selection effects, including our
requirements for S/N > 20 in the continuum surround-
ing Ha. Nonetheless, our sample of REGs includes sev-
eral objects with faint F'444W magnitudes, with all the
compact REGs being fainter than 27 mag, and six be-
ing fainter than 28 mag (see Figure 4, Table 2). Many
selections targeting red galaxies for spectroscopic follow-
up apply a magnitude or S/N cut on F444W (e.g.
F444W < 27 mag for RUBIES spectroscopic follow-up,
A. de Graaff et al. 2025b). As a result, similarly faint ob-
jects are likely missing from spectroscopically confirmed
samples of AGN.

Additionally, we show the Ha and [OIlI] + HS EWs
vs. redshift for the AGN and all three sub-samples of
REGs in the middle and right panels of Figure 11. There
is more overlap between the EWs of the compact REGs
and the AGN, particularly for [OIII] + Hf, where sev-
eral AGN have EW([OITI] + HB)> 1000A. However,
the compact RECs (average EW(Ha) ~ 1142 + 183A
and EW([OITI] + HpB) ~ 1210 + 289A) still have sig-
nificantly stronger emission lines than the samples of
AGN (average EW(Ha)= 504 + 42A, EW([OIII] +
HpB)= 725 + 103A).

The presence of a broad-line component in CANUCS-
1207412 and compact morphologies suggest that AGN
is a plausible explanation for the compact REGs. If
the compact REGs are AGN dominated, they would
represent a type of low-luminosity AGN, which have
higher EW emission lines than what is generally found
in existing samples of AGN. Given the bluer contin-
uum slopes of the compact REGs, they likely qualify
as Little Blue Dots (LBDs, M. Brazzini et al. 2026, Y.
Asada et al. 2026), which are Type I AGN that have
optical continuum slopes too blue to qualify as LRDs.
LBDs, as well as other high-redshift AGN that are not
LRDs, remain challenging to identify using photometric
selections alone, and have been shown to be underrep-
resented in spectroscopic samples of high-redshift AGN
(e.g. K. N. Hainline et al. 2025, J. Scholtz et al. 2025).
As such, samples of compact REGs may provide a way
to unlock samples of high-redshift AGN which are oth-
erwise challenging to robustly select.

6. COMPACT REGS: OBSCURED STAR
FORMATION, AGN, OR A MISSING
POPULATION OF LRDS?

In summary, we select a sample of 26 REGs over
5.01 < z < 8.60. We classify the REGs into three cat-
egories based on their colors and morphologies, among
which are eight classic LRDs, nine extended REGs, and
nine compact REGs. The subsets of REG LRDs and
extended REGs have straightforward interpretations.
The REG LRDs constitute a relatively normal subset
of LRDs (§5.1) which have high EW Ha or [OIII] +
HpS emission lines. The extended REGs are consistent
with DSFGs undergoing merger-induced star-formation
(§5.2). However, as discussed in §5.3 and §5.4, the in-
terpretation of the compact REGs is not as straight-
forward. The compact REGs do not qualify as classi-
cal LRDs based on the selections of V. Kokorev et al.
2024 and D. D. Kocevski et al. 2025, and instead have
properties consistent with both AGN and DSFGs. How-
ever, neither interpretation is fully consistent with the
compact REGs. In this section, we further discuss the
interpretation of the compact REGs.

6.1. Dusty Extreme ELGs or Moderate DSFGs?

As discussed in §5.3, the compact REGs have several
characteristics consistent with DSFGs, including phys-
ical properties, compact morphologies, and high EW
emission lines. When considered individually, the mor-
phologies, red continuum fluxes, and EWs of the com-
pact REGs are consistent with a DSFG interpretation.
However, when taken together, the three are difficult to
explain in the context of DSFGs.

To illustrate this, we once again highlight the two
key differences between the compact and extended
REGs: the compact REGs have significantly lower stel-
lar masses and higher EW emission lines than the ex-
tended REGs. The high EWs of the compact REGs
make them Extreme ELGs (EELGs), and several of their
properties are similar to those of EELGs in the line
selected sample. EELGs are often compact, have low
stellar masses, high SFRs (Figure 8), and EW(Ha) and
EW([OIIT] + HB) > 1000A (Figure 3), all of which are
observed in the compact REGs. Additionally, EELGs
generally have very strong [OITI]AA4959, 5007 emission
lines, resulting in higher EW([OITI] 4+ HpA) > 10004,
and often EW([OIII] + HB) > EW(Ha) (e.g. S. Withers
et al. 2023, M. Llerena et al. 2025). Such high EW ([OIII]
+ Hp) is also observed in seven of the compact REGs.

However, in contrast to the REGs, EELGs generally
have blue continuum fluxes and little dust (G. Roberts-
Borsani et al. 2024, M. Llerena et al. 2024). This would
make the compact REGs a unique type of red/dusty
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Figure 12. EAZY-py SED fits and photometry for the nine compact REGs. The black curve shows the best-fit galaxy SED
based on the R. L. Larson et al. (2023) templates with the Y. Asada et al. (2025) prescription for IGM/CGM attenuation. The
turquoise curve shows the best-fit brown dwarf SED based on the Sonora brown dwarf templates (M. S. Marley et al. 2021),
which include SEDs for extremely cold brown dwarfs (Teg > 200K). Each panel shows the x? values for the best-fit galaxy
(Xzatazy) and brown dwarf (XB,ownpwars) SEDs. All sources are better fit by galaxy templates than brown dwarf templates as

required by our selection criteria (see §3.1).

EELG. The similarities between the compact REGs and
EELGs complicates a DSFG interpretation as it is un-
clear how the compact REGs are able to maintain such
strong emission lines in the presence of Ay ~ 1 — 2.5
mag of dust, all contained within R,y < 0.75 — 1 kpc.
In a DSFG interpretation, this could be explained by
complex dust geometries or unique viewing angles of the
compact REGs, both of which have been shown to affect

how high-redshift reddened/dust obscured galaxies are
observed (R. K. Cochrane et al. 2024, E. J. Nelson et al.
2023).

As such, if the compact REGs are DSFGs, they would
represent a type of lower-mass DSFG, which would qual-
ify as a dusty EELG. Additionally, the faint magni-
tudes of the compact REGs would place them among the
faintest DSFGs. Existing samples of faint DSFGs have
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been shown to have important contributions to the cos-
mic SFRD and play an important role in galaxy evolu-
tion (N. S. Martis et al. 2025, COS-z8M1 in H. B. Akins
et al. 2023, L. Bing et al. 2025, F. Sun et al. 2025). The
compact REGs have several similarities with faint DS-
FGs, including compactness, Ay, and even have similar
volume densities (n ~ 1076 —10""Mpc ™). However, we
once again highlight that the compact REGs have lower
stellar masses than existing samples of optically faint
DSFGs (G. Rodighiero et al. 2024). This would point
to the compact REGs being a distinct type of DSFG
than what is commonly reported in the literature, po-
tentially a more moderate type of DSFG, or which has
unique dust geometries or viewing angles that allow for
the escape of strong emission lines.

In this context, it is important to highlight the ef-
ficiency of the REG selection criteria. The identifica-
tion of high-redshift, faint DSFGs often relies on MIRI
or ALMA observations, which are more limited than
NIRCam imaging. Using only imaging from HST and
NIRCam, we have potentially identified nine faint DS-
FGs in less than 77.6 arcmin?, including three at z > 7
where sample sizes are even more limited. Such a se-
lection is challenging without the medium-bands, whose
increased spectral resolution enables robust identifica-
tion of sources with strong emission lines. In fact, all
of our compact REGs are robustly identified in the line-
selected sample, while only one (CANUCS-2209729) has
sufficient continuum S/N to be included in the photo-z-
selected sample. Additionally, only three have sufficient
S/N in F444W to be selected as EROs based on com-
mon selection criteria. The sample of compact REGs is
biased towards objects with strong emission lines and is
undoubtedly incomplete with respect to galaxies with
weak emission lines (such as objects with low SFR).
However, this sample provides an efficient way to probe
a galaxy population which is otherwise difficult to iden-
tify.

6.2. A Missing Population of LRDs?

Perhaps a more natural interpretation for the com-
pact REGs is AGN. An AGN contribution would easily
explain their compactness, red continuum colors, and
strong emission lines, without requiring potentially com-
plex or rare dust geometries. As discussed in §5.4, there
is evidence for a broad-line component in Ha for the
one REG with prism spectroscopy (CANUCS-1207412).
This indicates the presence of AGN in at least one of the
compact REGs, and suggests AGN is a valid interpre-
tation for the compact REGs. Additionally, we cannot
rule out the possibility that the compact REGs have con-
tributions from both star-formation and AGN, which is

similar to one interpretation for LRDs (e.g. R. P. Naidu
et al. 2025, W. Q. Sun et al. 2026, R. M. Mérida et al.
2026a).

There are several similarities between the compact
REGs and LRDs including compactness, F150W —
F444W colors (Figure 4), UV J colors (Figure 9), and
a high Balmer decrement. The NIRSpec observations
of CANUCS-1207412 yields a Balmer decrement of ~ 8,
which is similar to those of LRDs reported in the litera-
ture (e.g. G. P. Nikopoulos et al. 2025). Given the sim-
ilarities between compact REGs and LRDs, it is worth
discussing why the compact REGs are not selected as
LRDs. As with §5.1, we use the selection of V. Koko-
rev et al. 2024 and D. D. Kocevski et al. 2025 for this
discussion, and we summarize the results in Table 3.

Most of the compact REGs fail two or three of the
LRD selection criteria. Roughly half of the compact
REGs (5/9) qualify as LRDs in principle as they have
sufficiently blue UV colors and red optical colors. How-
ever, they fail the selection due to quality cuts, including
cuts on UV or optical S/N. The LRD selections utilize
several S/N cuts on broad-band filters to ensure sources
are well detected in the rest-frame UV and optical, as
well as an additional cut on S/N(F444W). Half of the
REGs (5/9) fail at least one of these S/N cuts, most
commonly cuts on the rest-frame UV S/N.

Additionally, four of the compact REGs are excluded
from the sample of LRDs owing to their high EW emis-
sion lines. This cut is meant to remove objects with
intrinsically blue continuum fluxes that have red broad-
band colors only due to strong emission lines. However,
this cut can also exclude objects which have intrinsically
red continuum fluxes and strong emission lines, as is the
case for four of our compact REGs. This is most obvi-
ous for CANUCS-2209729 and CANUCS-2228428 (see
Figure 12). Both objects have blue F356W — F444W
colours due to the presence of very strong [OII] +
HpS emission lines boosting the F356W flux. This ex-
cludes them from our sample of LRDs, which require red
F356W — F444W colors. However, with the increased
spectral resolution of the medium-bands we are able to
show that these objects have intrinsically red continuum
fluxes, similar to those of LRDs. Additionally, four com-
pact REGs fail at least one of the UV or optical color
cuts, having UV continuum fluxes too red and/or optical
colors too blue to qualify as LRDs.

Finally, we highlight that three of the compact REGs
fail a color cut meant to exclude brown dwarf contami-
nants. These cuts exclude objects which have very blue
~ 1—2um colors (e.g. F115W — F200W > —0.5 color in
V. Kokorev et al. 2024), as brown dwarfs with similarly
blue UV colors have been shown to contaminate samples
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D Type > | EW(Ha) | EW([OILI] + HB) | F444Wiay | Av | Stellar Mass SFR MWA
A A mag | log(M./Mg) | log(Mg/yr) | Myr
2226806 LRD 5.2 875 760 26.5 - - - -
1200422 LRD 5.2 1019 543 25.3 - - - -
3108879 LRD 5.44 503 - 25.6 - - - -
5212979 LRD 5.61 763 301 25.7 - - - -
5105197 LRD 5.63 564 - 26.1 - - - -
5205784 LRD 6.01 2237 544 25.3 - - - -
2115891 LRD 6.17 661 559 27.7 - - - -
2228326 LRD 6.34 1038 632 27 - - - -
4222045 | Extended | 5.01 304 450 28 1.05 9.21 0.85 173.37
4200621 | Extended | 5.06 753 527 25.6 1.56 9.57 2.06 21.72
5212433 | Extended | 5.23 262 203 24.7 1.04 10.3 1.96 114.13
5212435 | Extended | 5.23 489 229 27.8 0.97 9.36 1.11 124.26
2201093 | Extended | 5.99 513 150 26.4 1.44 10.13 2.04 87.73
2201097 | Extended | 6.02 380 352 26.4 1.58 9.26 2.19 6.34
2201227 | Extended | 6.03 641 641 25 1.58 9.65 2.65 3.3
2217931 | Extended | 6.34 700 186 27.4 2.87 9.72 1.81 56.4
2200880 | Extended | 6.5 341 385 26.6 0.91 9.56 1.5 77.11
5203291 | Compact | 5.15 1173 434 28.5 1.88 8.05 0.99 3.82
1207412 | Compact | 5.21 1327 843 27.5 1.11 8.03 0.87 8.09
2228428 | Compact | 5.99 1492 2278 28.2 1.59 8.1 1.11 1.7
2209729 | Compact | 6.02 1006 2116 27.6 1.19 8.16 1.17 1.84
3112462* | Compact | 6.03 572 272 28 2.64 8.11 0.4 32.16
2210928* | Compact | 6.79 - 1398 28.7 1.02 8.25 0.67 24.25
2113181 | Compact | 8.18 - 1457 27.8 0.97 7.96 0.91 5.18
3204679 | Compact | 8.41 - 1080 28.7 2.22 8.16 1.1 4.4
2213303 | Compact | 8.63 - 983 28.5 2.05 8.36 1.14 8.39

Table 2. Physical properties of the 17 REGs, classified into LRDs, extended, and compact sources as described in §5.1 and
§5.2. Photometric redshifts are measured using EAZY (§3.1), equivalent-widths are measured directly from the medium-band
photometry (§3.4), the F444W magnitudes are measured from the 0.3” aperture, and the dust attenuation, stellar masses, star
formation rates (SFR) and mass-weighted ages (MWA) measured using BAGPIPES (§3.4). We omit the physical properties of
the LRDs as there is no universally accepted way to measure their physical properties using BAGPIPES. Objects marked with an
asterisk are experiencing lensing magnification, with u ~ 1 — 2, we report the magnification corrected physical properties.

of LRDs (e.g. A. J. Burgasser et al. 2024, J. E. Greene
et al. 2024). While many of the compact REGs have
very blue ~ 1 — 2um colors similar to brown dwarfs,
the increased spectral resolution of the medium-bands
allows us to confidently rule out brown dwarf solutions
for all the compact REGs. As discussed in §3.1, sources
must be better fit by galaxy templates than brown dwarf
templates to be included in the line-selected sample. Vi-
sually inspecting the photometry of the compact REGs,
it is clear why they are not well fit by brown dwarf tem-
plates. The compact REGs have strong flux excesses
in the medium bands, with fluxes ~ 3 — 6x higher in
the medium-band containing an emission line as op-
posed to neighbouring medium-bands. While molecu-
lar absorption features in brown dwarf atmospheres can
cause “bumps and wiggles” in the medium-bands, the

sharp and extreme flux excesses observed in the com-
pact REGs are much more likely to originate from a
strong emission line as opposed to a brown dwarf spec-
tral features. To further highlight this point, we show
the galaxy and brown-dwarf SED fits for all nine com-
pact REGs in Figure 12, and show the x? values for the
galaxy and brow dwarf SED fits for each object in Table
3.

R. E. Hviding et al. (2025) compared a sample LRDs
selected though common photometric cuts (V. Kokorev
et al. 2024, D. D. Kocevski et al. 2025, and G. Barro
et al. 2024) to LRDs selected through NIRSpec prism
observations. They find that photometrically selected
samples of LRDs suffer from high levels of incomplete-
ness, which is often driven by broad-band S/N cuts or
color cuts which are too stringent and exclude LRDs
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with flatter UV and/or optical continuum fluxes. Many
of the compact REGs are excluded as LRDs for similar
reasons. Consequently, it is not unreasonable to suggest
that our compact REGs are LRDs which are too faint
or have broad-band colors which are incompatible with
classical LRD selections.

Additionally, several authors have utilized modified
versions of LRD selections to generate broader sam-
ples of LRDs and LRD-like objects which fail the classi-
cal selection criteria, including objects with very strong
emission lines (e.g. F. Gentile et al. 2024, H. B. Akins
et al. 2025, K. I. Caputi et al. 2026, R. M. Mérida et al.
2026b). This has revealed several LRD candidates which
may be in transitional evolutionary stages, providing im-
portant constraints on the evolution of LRDs.

Given the similarities between the spectral properties
of the compact REGs and LRDs, we conclude that the
compact REGs are likely a population of LRDs which
are “missing” from existing datasets for several reasons.
In this case, the compact REGs would enable the explo-
ration of several new regions in parameter space. This
includes a population of LRDs with unusually high EWs
(particularly [OIII] + HS EWSs), the faint end of the
LRD population, LRDs which have flatter UV or opti-
cal continuum slopes than what is generally required by
LRD selections, and LRDs which have very steep UV
slopes.

There are several possibilities for the origins of these
spectral properties of the compact REGs. One interpre-
tation for LRDs is a two component solution where the
optical emission is driven by a Black Hole star (BH*),
while the UV emission is driven by a blue star-forming
galaxy which hosts the BH* (e.g. R. P. Naidu et al.
2025). The compact REGs could correspond to less
extreme types of LRDs which have fainter luminosities
than classical LRDs or fall in transitional phases. The
different UV and optical slopes of the compact REGs
could also be driven by different levels of contribution
from the host star forming galaxy or central AGN (e.g.
K. N. Hainline et al. 2025, J.-B. Billand et al. 2026).
While our compact REGs are far too blue to be BH*’s
(left panel of Figure 11), they can provide useful con-
straints on the evolution of LRDs, including the contri-
bution of the host star-forming galaxy to an LRD.

Once again, we underscore how critical our sample of
medium-band selected ELGs is to the identification of
such objects. The increased spectral resolution of the
medium-bands is able to easily rule out brown dwarf so-
lutions, without the need for additional color cuts that
may exclude unique types of LRDs. Additionally, the
medium-bands are able to provide clean measurements
of rest-frame optical continuum fluxes, allowing us to

identify red objects without needing to account for con-
tamination from strong emission lines, as broad-band se-
lections require. Finally, selecting objects on their emis-
sion lines enables the robust selection of very faint ob-
jects. Several of the compact REGs (particularly those
at z > 7) are faint in both the rest-frame UV and op-
tical, which makes them extremely difficult to identify
using classical LRD selection criteria. Modified versions
of LRD selection criteria making use of the medium-
bands may aid in the identification of similar objects in
the future.

7. SUMMARY & CONCLUSION

We use the NIRCam medium-band color selections to
identify a sample of Emission Line Galaxies (ELGs) over
4.89 < z < 8.9. These galaxies exhibit a statistically sig-
nificant correlation between continuum color and emis-
sion line strength, where bluer galaxies have strong Ha
and [OIII] + HS emission lines. We fit this relation
with a straight line, and identify 26 Red Emission line
Galaxies (REGs), which have continuum colors > 2¢
redder than the typical continuum color based on the
fit. Using the selection criteria from V. Kokorev et al.
(2024) and D. D. Kocevski et al. (2025), we classify eight
REGs as LRDs (the REG LRDs, §5.1), which appear to
constitute a relatively normal type of LRD. We then
classify the remaining REGs into extended and com-
pact sources based on their F'444W morphologies. The
extended REGs (nine in total) are resolved in F444W
and have 1 < Rery S 3 kpe while the compact REGs
(nine in total) are unresolved in F'444W. The extended
REGs appear to be DSFGs undergoing merger-induced
star-formation (§5.2). However, the nature of the com-
pact REGs is more puzzling, as they have properties
consistent with DSFGs, AGN, and classical LRDs. We
discuss three interpretations for the compact REGs:

e DSFG interpretation, §5.3, §6.1: if the com-
pact REGs are DSFGs, their faint NIRCam mag-
nitudes suggest they are faint DSFGs which are
challenging to identify using common DSFG se-
lection criteria. In this interpretation, the com-
pact REGs would represent a unique type of
DSFG which have lower stellar masses and higher
EW emission lines than typical samples of DS-
FGs. Several of their properties are consistent
with EELGs, making the compact REGs a type
of dusty EELG. However, the combination of the
compact morphologies, strong emission lines, and
red continuum fluxes are challenging to explain in
the context of DSFGs, and likely rely on the pres-
ence of complex or rare dust geometries.
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D | X2uaey | X3p | UV color | Optical Color | BD Flag | EM Line Flag | UV S/N | Optical S/N | F444W S/N
2213303 | 36.76 | 155.38 | PASS PASS FAIL PASS FAIL FAIL PASS
3204679 | 33.65 | 146.34 | PASS PASS FAIL PASS FAIL PASS PASS
2113181 | 23.04 |200.97 | PASS FAIL PASS FAIL PASS PASS PASS
9210928 | 36.63 | 144.06 | PASS PASS PASS PASS FAIL PASS PASS
3112462 | 27.87 | 168.42 | PASS PASS PASS PASS FAIL PASS PASS
9209729 | 145.02 | 784.03 | PASS FAIL PASS FAIL PASS PASS PASS
9998428 | 197.66 | 652.3 | FAIL FAIL PASS FAIL PASS PASS PASS
1207412 | 22.23 | 456.43 | PASS FAIL PASS FAIL PASS PASS PASS
5203291 | 40.38 | 152.07 | PASS PASS FAIL PASS FAIL PASS PASS

Table 3. Summary of the compact REGs and how they compare to commonly used LRD selections. We show the x? values
from the EAZY-py SED fits using galaxy templates (Xﬁazaw) and brown dwarf templates (x%p, see §3.1 for details on the fitting).
The reaming columns show which LRD cuts the compact REGs pass/fail. This includes cuts on the UV and optical colors, the
S/N of the bands used to measure the UV and optical colors, ~ 1 — 2um colors meant to remove brown dwarf contamination
and colors meant to exclude sources with strong emission lines. The compact REGs fail LRD selections for a variety of reasons,
including several objects which have low S/N, colors incompatible with LRDs, very strong emission lines, and rest-frame UV

colors which are too similar to brown dwarfs.

e AGN interpretation, §5.4: the presence of
AGN in the compact REGs would provide a nat-
ural explanation for their compact morphologies,
strong emission lines, and red continuum fluxes.
One compact REG (CANUCS-1207412) has avail-
able NIRSpec prism spectroscopy (Figure 10) and
shows evidence of broad He, supporting the AGN
interpretation. Comparing the compact REGs to a
sample of AGN with broad Ha (Figure 11) reveals
the compact REGs have generally fainter My,
bluer B0, and higher EW(Ha) and EW([OIII]
+ HpB) than existing samples of AGN. Thus, if
the compact REGs are AGN, they could represent
low-luminosity AGN which have been shown to be
underrepresented in exiting spectroscopic samples
of high-redshift AGN (e.g. K. N. Hainline et al.
2025).

e LRD interpretation, §6.2: the compact REGs
share several similarities with LRDs, including
compact morphologies, high EW emission lines,
broad-band colors, and a large Balmer decrement
in the one compact REG with available spec-
troscopy. We investigate why the compact REGs
are not classified as LRDs (summarized in Table
3), and find that the compact REGs fail a variety
of LRD selection criteria. These reasons include
objects which are too faint, have continuum fluxes
too flat to meet classical LRD selection criteria
(similar to the results of R. E. Hviding et al. 2025),
and several objects that have very strong emission
lines which generate blue rest-frame optical col-
ors in the broad-bands. Additionally, many of our
compact REGs have ~ 1 — 2um colors which are
similar to brown dwarfs. This rules them out as

LRDs based on many common selection criteria,
however, brown dwarf solutions are ruled out for
the compact REGs thanks to the increased spec-
tral resolution of the of the medium-bands. If the
compact REGs are LRDs, they may enable the ex-
ploration of LRDs in different evolutionary stages
than classical LRDs, or less extreme versions of
LRDs which are fainter or have less extreme col-
ors than classical LRDs.

Based on the similarities between the compact REGs
and LRDs, we conclude that the compact REGs are
most likely LRDs which fail classical LRD selection cri-
teria. However, in all three interpretations, the compact
REGs would represent unique types of galaxy popula-
tions which are largely missing from existing datasets.
Further constraints (such as NIRSpec spectroscopy or
MIRI photometry) on these objects could provide a
wealth of new information regarding the evolution of
LRDs, as well as potentially obscured star formation or
AGN activity at high-redshift.

Finally, we highlight how critical the medium-bands
are to the identification of the compact REGs. Objects
such as these remain difficult to robustly identify ow-
ing to their faint magnitudes (F444W > 27 mag and
often F444W > 28 mag, Table 2), meaning similar ob-
jects are largely missing from both spectroscopic and
photometric galaxy samples. However, they can be eas-
ily selected when targeting strong emission lines in the
medium-bands.
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