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ABSTRACT

JWST has unveiled an abundant population of compact broad-line emitters largely at z ≳ 4, the Little Red Dots (LRDs), which might
represent a previously unprobed supermassive black hole evolution channel predominant at high redshift. However, the LRDs have
remained mostly elusive at lower redshift (z ≲ 2) where detailed studies are possible from ground-based observatories. We searched
for low-redshift LRDs in the Dark Energy Spectroscopic Instrument (DESI) survey. Our search is primarily based on emission line
properties, as opposed to earlier approaches that searched for compact sources with specific photometric spectral energy distributions.
We report the discovery of eight LRDs at z = 0.2−0.45, which show spectral features akin to the high-redshift LRDs in the rest-frame
optical. The sources are characterized by broad Balmer lines, steep Balmer decrements, compact morphologies, Balmer absorption
features and/or strong He i emission, but weak or absent He ii, [Ne v] or other high excitation lines typical of Type I AGN. For 7 out
of 8 sources, we retrieve dense-cadence light curves from time-domain surveys and for most sources we find weak to no intrinsic
variability (0.0 − 0.1 mag) over 4–17 years in the rest-frame. We also highlight the identification of a quasar with similar Balmer line
profiles as LRDs, but that shows differences in Balmer decrement, significant variability, and high-ionisation lines. Given the effective
volume 4.9 Gpc3 covered by DESI DR1 at z < 0.45, our sample corresponds to a number density of 1.6 × 10−9Mpc−3, indicating a
number density ∼10,000 times lower than in the first billion years of cosmic time. We find a dearth of luminous and red LRDs at z < 1
compared to higher-redshift, which could suggest lower gas feeding rates of LRD activity due to higher metallicities at later cosmic
epochs.

Key words. Galaxies: active, high-redshift

1. Introduction

One of the most remarkable discoveries of the James Webb
Space Telescope (JWST) has been the identification of an abun-
dant population of faint broad Balmer line emitters with compact
morphologies ≲ 100 pc at high-redshift z ∼ 3–9, nicknamed the
"Little Red Dots" (LRDs; Matthee et al. 2024). This population
is characterized by red UV to optical colors in the spectral energy
distribution (SED) and, in most cases, a blue UV slope, usually
described as a “V-shape” (e.g., Kocevski et al. 2023; Kokorev
et al. 2024; Matthee et al. 2024; Labbe et al. 2025) with an in-
flection point near the Balmer limit ∼ 3645Å (e.g., Setton et al.
2025a; Hviding et al. 2025).

Due to their compactness and their broad Balmer lines,
LRDs are mainly interpreted as being powered by accreting su-
permassive black holes (SMBH). However, the typical models
of active galactic nuclei (AGN) involving a hot accretion disk,
broad line region (BLR), and dusty torus struggle to reproduce
the peculiarities of LRDs. Unlike most AGNs, LRDs are typi-
cally found to be faint in X-rays (e.g., Yue et al. 2024; Ananna
⋆ E-mail: Kevin.Park@ista.ac.at
⋆⋆ NASA Hubble Fellow, Pappalardo Fellow
⋆⋆⋆ Clay Fellow

et al. 2024; Kokubo & Harikane 2025; Maiolino et al. 2025),
they lack hot and warm mid-IR dust emission (e.g., Leung et al.
2025; Setton et al. 2025b; Xiao et al. 2025; Casey et al. 2025;
Delvecchio et al. 2025), as well as radio emission (Latif et al.
2025; Perger et al. 2025; Mazzolari et al. 2024). Beyond the
V-shape, most LRDs show a combination of spectral features
that are unusual in typical AGN. In the first place, they show
very high Balmer decrements (up to Hα/Hβ ∼ 10; e.g., Barro
et al. 2025; de Graaff et al. 2025a; Matthee et al. 2026; Pérez-
González et al. 2026; Sun et al. 2026) that cannot be simply
explained by dust attenuation (e.g., Nikopoulos et al. 2025; Tor-
ralba et al. 2026a), and extremely high Hα equivalent widths
(de Graaff et al. 2025a; Matthee et al. 2026, up to ≳ 1000 Å).
Moreover the Hα broad wings are remarkably symmetric, and
well described by exponential profiles suggesting a broadening
by electron scattering and other radiative-transfer effects (e.g.,
Rusakov et al. 2025; Chang et al. 2025; Naidu et al. 2025, al-
though cf. Brazzini et al. 2025; Scholtz et al. 2026), and ∼ 60%
of broad-Hα selected LRDs show significant Balmer absorption
features (e.g., Matthee et al. 2026). In general, the overall UV-
to-optical spectrum of LRDs cannot be simply be explained by
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a combination of stellar populations, AGN and dust obscuration
(e.g., Ma et al. 2025b; de Graaff et al. 2025b; Ji et al. 2025b).

Radiative transfer models that involve obscuration by a layer
of dense, partly ionized gas (nH ∼ 108–1010 cm−3) with a high
column density (NH ∼ 1023–1024 cm−2), have been successful
in simultaneously explaining the strong Balmer breaks, Balmer
absorption and strong Balmer line emission (e.g., Inayoshi &
Maiolino 2025; Ji et al. 2025b; Naidu et al. 2025; de Graaff et al.
2025b; Torralba et al. 2026a; Sneppen et al. 2026) as well as
the lack in X-rays (e.g., Kocevski et al. 2025; Maiolino et al.
2025). These models can also explain other features as a result of
collisional and radiative transfer effects in a dense gas such as the
strong [Fe ii] (e.g., Torralba et al. 2026a; D’Eugenio et al. 2025c)
or O i emission lines (e.g., Tripodi et al. 2025; Kokorev et al.
2025). A dense-gas envelope scenario also potentially explains
the lack of short-term variability, by invoking super-Eddington
sustained dense-gas flows (e.g., Secunda et al. 2025; Liu et al.
2026a; Madau & Maiolino 2026). However, a coherent picture
of the geometry, origin and composition of this gas, as well as
the relation to the powering engine is under debate (e.g. Inayoshi
& Ho 2025; Nandal & Loeb 2025; Chisholm et al. 2026; Madau
& Maiolino 2026).

The LRDs are abundant at high redshift. With number den-
sities of ∼ 10−4 Mpc−3 at z ≈ 4–7 (e.g., Kocevski et al. 2023;
Maiolino et al. 2024; Greene et al. 2024; Matthee et al. 2024),
they represent a few percent of the galaxy population. They sig-
nificantly outnumber other types of faint AGNs such as dust-
obscured quasars as GNz7q (e.g., Fujimoto et al. 2022; Fei et al.
2026) or faint X-ray detected sources at these redshifts (e.g., Ma-
habal et al. 2005). Given this abundant population of sources
with an unusual combination of spectral features at high-redshift
unveiled by JWST, a natural question is to ask what evaded
their identification in large spectroscopic surveys from the lo-
cal Universe to cosmic noon (i.e., z ≲ 2). At lower redshifts
2 ≲ z ≲ 4, number density estimates of LRDs appear to drop
sharply to ΦLRD ∼ few × 10−6 Mpc−3 and are therefore out-
numbered by the X-ray AGNs ΦAGN ∼ 10−4 Mpc−3 (e.g., Loia-
cono et al. 2025; Ma et al. 2025a, vs. Ueda et al. 2014; Pou-
liasis et al. 2024). At even lower redshift, Lin et al. (2026) per-
formed a search for V-shaped broad line emitters in the Sloan
Digital Sky Survey (SDSS) catalog, identifying three broad line
sources as LRDs by their similarity to high-redshift counterparts
(see also Ji et al. 2025a). Similarly to LRDs, these are X-ray
faint (Simmonds et al. 2016). Remarkably, two of these LRDs
were already identified by Izotov et al. (2007) during a search
for metal-poor AGN, who discussed the impact of dense nuclear
gas on the observed line-shape and line-ratios and their impact
on the mass and spectrum of the ionizing source in (Izotov &
Thuan 2008) akin to studies of high-redshift LRDs (e.g., Matthee
et al. 2026). Despite challenges in the spectroscopic SDSS se-
lection function, Lin et al. (2026) estimated number densities of
ϕLRD[z < 0.5] ≳ 5 × 10−10 Mpc−3, further indicating a drop
towards lower number densities (see e.g. Inayoshi 2025).

Besides studies of number densities that offer valuable con-
straints on the nature of LRDs (e.g., Ma et al. 2025c), the prox-
imity of low-redshift sources allows sensitive follow-up across
the electromagnetic spectrum. For example, Lin et al. (2026)
were able to obtain high signal-to-noise follow-up spectroscopy,
enabling the discovery of exceptionally strong metal absorp-
tion lines (Ca T, Na D, K i) previously unknown in high-redshift
LRDs. Low-redshift samples also enable variability studies, over
long time scales with ground-based facilities. At high-redshift,
although observed at sparse cadence, LRDs do not show vari-
ability on ≲ 1 yr rest-frame time-scales (Kokubo & Harikane

2025; Tee et al. 2025; Liu et al. 2026b), disfavouring BLR sce-
narios with sub-Eddington accretion (Liu et al. 2026b). Burke
et al. (2025) retrieved the light curves of three z ∼ 0.1 LRDs in
Lin et al. (2025) from the Zwicky Transient Facility (ZTF) and
Wide-field Infrared Survey Explorer (WISE) and have found that
all three sources show weak σ0 < 0.03 mag variability with hun-
dreds of observations over rest-frame timescales of 10-20 years.
In turn, tentative variability over long timescale was detected in
a quadruply-lensed LRD with time delays between images being
∼ 130 years showing photometric variability of 0.7 mag (Zhang
et al. 2025).

Such examples highlight the advantages of low-redshift LRD
studies, namely that ground-based (or other space-based) ob-
servatories can be utilized for both dense-cadence and multi-
wavelength photometric monitoring (e.g., ZTF, LSST, WISE,
HST, Chandra, etc) and high-resolution spectroscopy (VLT, etc),
as well as significantly extending high-redshift constraints due to
the lesser impact of redshift time dilation and data with baselines
back a decade.

We perform a systematic search in the DESI spectroscopic
catalog (DESI Collaboration et al. 2026) to find additional lo-
cal z < 0.5 LRDs. Given its wide coverage of the sky (14 mil-
lion galaxies in ADESI ∼ 14, 000 deg2), the DESI catalog is an
ideal dataset to find rare local LRDs. Unlike earlier searches at
low-redshift (Ji et al. 2025a; Lin et al. 2025; Ding et al. 2026),
we do not necessarily perform a V-shaped selection. Instead,
we select on broad emission-lines and then perform a template
matching approach. The templates that we use encompass the
diversity in SEDs of high-redshift LRDs that have been associ-
ated with a range in surrounding H i gas column densities (e.g.,
Sneppen et al. 2026; Matthee et al. 2026). We note that such di-
versity is particularly prominent in the rest-frame UV to optical
range (such as the strength of the Balmer break), and smaller in
the rest-frame optical range where we template-match with the
DESI spectra.

In Section 2, we describe how we performed our systematic
search. In Section 3 we discuss the the eight LRDs we find in
terms of the absorbers in the Hα profiles, He i λ5876 and He i
λ7067 strength, Balmer decrements, SEDs from archival pho-
tometry, and compactness. Moreover, we introduce BAQ 1, an
intruiging quasar showing LRD-like Balmer absorption features.
In Section 4, we analyze the light curves of the LRDs and BAQ
1 and compare their variability properties. Finally, in Section 5,
we estimate a number density of LRDs at low-redshift and dis-
cuss the implications of the fact that we do not find any luminous
LRDs. We also compare our search method for local LRDs with
others in the literature. Finally, in Section 6 we summarize our
findings.

Throughout this paper we adopt a ΛCDM cosmology with
Ωm = 0.3, ΩΛ = 0.7, and H0 = 70 km s−1 Mpc−1. The magni-
tudes are given in the AB system (Oke & Gunn 1983).

2. Systematic Search for LRDs in DESI DR1

We start our search for local LRD candidates in the DESI cata-
log by using the NOIR Data Lab (Fitzpatrick et al. 2014; Nikutta
et al. 2020; Juneau et al. 2021) jupyter notebooks1 and choose a
redshift cut of zspec < 0.45 to ensure that the Hα emission line
would be covered by the DESI wavelength range. Then we uti-
lized the agngal value-added catalog2 (Juneau et al., in prep) to

1 https://datalab.noirlab.edu/data-explorer
2 https://data.desi.lbl.gov/doc/releases/dr1/vac/
agngal/
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Table 1: Description of reduction of the DESI catalog via various
selection criteria in our systematic search.

Selection Criterion Remaining Sources

Redshift cut
z < 0.45 7,556,366

Standard DESI broad line & quality cut
agn_maskbit 12==True 72,689

halpha_flux> 5 × 10−17 erg s−1 cm−2 66,893
hbeta_flux> 1 × 10−17 erg s−1 cm−2 65,360

No strong lines with low-critical density
sii_6731_flux/halpha_flux < 0.1 13,262
nii_6584_flux/halpha_flux < 0.1 3,078

LRD template selection
χ2

r,i < 100, i ∈ {1, 2, 3, 4} 381
Hα EW > 300Å 210

Hα FWHM > 500 km s−1 38
Removing Quasars

[Ne v] λ3427 EW < 3Å 19
Final candidates

Ambiguous 11
LRDs 8

Notes. We highlight the 3,078 sources (which we call our parent sam-
ple) in bold after the [N ii] criterion because it is the step in which we
choose to inspect more carefully via template matching to the four LRD
stacks of Matthee et al. (2026) and Gaussian fitting to individual spec-
tral lines (Hα, [Ne v]).

select sources with broad and prominent Balmer emission lines
(agn_maskbit 12: broad_line, a flag for a pipeline Gaus-
sian FWHM ≥ 1200 km s−1 in Hα, Hβ, Mg ii and/or C iv line)
in galaxies and quasars and filter out stars with no emission
line features. We also require a minimum line flux F(Hα) >
5×10−17 erg s−1 cm−2 and F(Hβ) > 1×10−17 erg s−1 cm−2. Next,
we remove sources with strong [S ii] λ6731 and [N ii] λ6584 line-
emission compared to Hα (see Table 1). This is motivated by the
typical spectra of known low-redshift LRDs (e.g., Fig. 8 in Lin
et al. 2026) and high-redshift LRDs (Matthee et al. 2026); their
weak relative fluxes are likely related to their relatively low crit-
ical densities.

These criteria narrow our sample from the ∼ 14 million
galaxies and quasars in DESI down to 3078 sources, which we
name our "parent sample". We further pruned our parent sam-
ple via template fitting. We normalize all the spectra by median
flux in the rest-frame 5100-5500Å range, and compute the re-
duced chi-squared χ2

r against the spectra of the four high-redshift
LRD stacks sorted by their Balmer break strength fν,5500/ fν,3600
taken from Matthee et al. (2026), which are normalized the same
way. These stacks are based on JWST/NIRSpec grating data
with comparable resolution as the DESI data (as opposed to
NIRSpec PRISM spectra). All calculations (4 × 3078 χ2

r op-
erations) are done in the rest-frame of the sources and in the
range of rest-frame wavelength 4800-7500Å, which is approx-
imately the range where both DESI spectra and JWST stacks
have good data quality. To choose a threshold for χ2

r , we com-
pute χ2

r against the four stacks for the three well-established local
LRDs of Lin et al. (2026) "J1047+0739", "J1022+0841", and
"J1025+1402". We find that the minimum χ2

r value across the
stacks is 26.1, 6.3, 40.8 for each LRD; thus we (somewhat arbi-
trarily) choose χ2

r ≤ 100 (for at least one of the stacks) as our
criterion for our LRD classification. By fitting two-component

Gaussians to the Hα line, we require Hα EW > 300Å and Hα
FWHM > 500 km s−1 (of the total profile). This narrowed down
our sample to 38 sources.

We discard sources with signatures of classical Type I broad-
line AGN that are not seen in high-redshift LRDs from our sam-
ple. In particular, we remove objects with strong [Ne v] λ3427
emission line (EW > 3Å). This line has a high ionization po-
tential (97 eV) and often correlates with strong X-ray emission
of AGN origin (e.g., Reiss et al. 2025; Wang et al. 2026), but
it is not seen in LRDs (as already discussed in Izotov & Thuan
2008). We require our best candidates to present at least promi-
nent He i λ5876 and λ7067 lines and/or absorption features in the
Balmer lines, typical signatures of high-z LRDs (e.g., Matthee
et al. 2026). Using these criteria, we identified 8 LRDs in the
DESI dataset. We display the spectrum of the brightest source
among the eight in Fig. 1 and mark relevant lines. We are un-
able to confirm or rule out a sample of 11 ambiguous sources
as LRDs. Visual inspection of these sources indicates that this
is primarily due to a low sensitivity that allows better χ2 values
and/or prevents significant identification of strong [Ne v] emis-
sion. Generally, we think that it is more likely that the majority
of ambiguous sources are not LRDs with higher quality data.

Table 1 summarizes the remaining sources after each step
in our systematic search. The source IDs and coordinates of the
selected LRDs are listed in Table 2, whereas those of the am-
biguous sources is in Appendix Table A.1. Fig. 2 shows their χ2

r
values of the LRD relative to the parent sample.

During the exploration phase that defined our search criteria,
we also found a rare source which we dub "Balmer Absorption
Quasar 1" (hereafter BAQ 1), with an Hα line profile remarkably
similar to high-z LRDs. However, this source has χ2

r > 100 for
all of the four templates, and was thus removed from our final
sample. However, given that this source provides an opportunity
to examine the differences between quasars and LRDs, we dis-
cuss its properties further in Section 3.

We remark that the DESI pipeline classified all 8 LRD can-
didates as "GALAXY", even though they have a compact mor-
phology. BAQ1 was indeed classified as a quasar. We provide hy-
perlinks to DESI interactive viewers in Table 2 for these sources
so that the reader can conveniently check basic information such
as these classifications and the spectra, with relevant spectral
lines marked, can also be found in Fig. 1, Fig. A.1, Fig. A.2,
Fig. A.3, and Fig. A.4.

3. Sample spectral properties

3.1. Hα lines and absorbers

Here we investigate how the detailed Hα line profiles of LRDs
compare to high-z LRDs, that display a combination of broad
wings (FWHM > 1000 km s−1) and a narrow/intermediate com-
ponent near the line center, with 5 out of 8 sources presenting
absorption features (see e.g., Matthee et al. 2024, 2026; Torralba
et al. 2026a; D’Eugenio et al. 2025b,c,a; Ji et al. 2025b). Fol-
lowing the methodology in Torralba et al. (2026a), we fit the Hα
profiles of the local LRDs with a model composed of a narrow
Gaussian N(λ), broad symmetric exponential E(λ), two Gaus-
sians representing the [N ii] doublet (with a fixed theoretical ra-
tio of 2.96), and an absorber parametrized as e−τabs , where τabs(λ)
follows a Gaussian distribution. These components are then con-
volved with a line-spread function represented by a 1D Gaussian
with width (FWHM = λHα/RDESI) using a representative reso-
lution of DESI in the infrared (R = 4100–5000 for λ = 6560–
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J1717+3807 (z = 0.1959)

Fig. 1: The DESI rest-frame spectrum of J1717+3807 (black), showing the rest-frame wavelength ranges 3500–5400 Å (top) and
5800–7200 Å (bottom). We mark the wavelengths of relevant spectral lines with blue dashed lines. As required by our search, the
source shows weak [S ii] and [N ii], weak [Ne v], strong He i 5876, 7067, and a sharp absorption feature in the Hα line. Intruigingly,
we identify a Balmer jump (see red-dashed line) indicating nebular emission.

Table 2: Table of basic properties of the local LRDs of this work.

Name z r (mag) RA DEC Exp. time (s) χ2
r LHα (1042 erg s−1) Break Strength

J1717+3807 0.1959 18.97 259.4239 38.1312 883 28.0 5.32 ± 0.02 0.97 ± 0.03
J0129+0628 0.2467 21.22 22.3786 6.4787 1493 14.7 1.55 ± 0.01 0.84 ± 0.10
J1343+3934 0.2933 21.66 205.8242 39.5717 1441 12.8 1.08 ± 0.02 0.89 ± 0.15
J1137+5520 0.4358 22.75 174.3931 55.3412 1632 4.2 1.57 ± 0.10 2.05 ± 0.60
J1909+5831 0.4273 22.85 287.4756 58.5201 4024 3.8 0.97 ± 0.12 1.68 ± 1.07

J0829+1312 0.3986 20.63 127.3390 13.2104 1182 8.2 5.01 ± 0.06 0.85 ± 0.08
J0716+5433 0.2908 20.63 109.1489 54.5561 1456 22.9 2.61 ± 0.02 1.20 ± 0.07
J1502+0250 0.2906 21.42 225.7181 2.8411 1307 10.2 1.21 ± 0.02 1.30 ± 0.13

Notes. The columns correspond to the name of the source, redshift, r magnitude, J2000 coordinates, DESI exposure time, reduced chi-squared rel-
ative to the best of the four high-redshift LRD stacks, Hα luminosity, and the Balmer break strength. The break strength is defined as fν,5500/ fν,3600.
We placed LRDs with absorption features in their Hα line (J1717+3807, J0129+0628, J1343+3934, J1137+5520, J1909+5831) first in order of r
band magnitude, then LRDs without absorption features (J0829+1312, J0716+5433, J1502+0250) in order of r band magnitude. The first column
includes clickable links to the DESI spectrum viewer.

98003; we choose the midpoint RDESI ≈ 4550). The continuum
around the emission line is modeled by a constant for simplicity
and we mask the region around the [S ii] doublet and He i6678. In
summary, we fit the profiles to the following model:

fλ(λ) =
{
[N(λ) + E(λ)] · e−τabs(λ) + cont. + [N ii]

}
∗ LSF . (1)

Calculations were done using the least-squares method of
the non-linear curve-fitting Python package lmfit (Newville
et al. 2014). The Hα profiles and the best-fit model are shown

3 https://www.desi.lbl.gov/spectrograph/

in Fig. 3. Overall, we find good agreement between our model
and the data, with χ2

r,model = 1–6. The broad wings are well de-
scribed by a single symmetric exponential (see also e.g. Rusakov
et al. 2025), and these are topped by a P Cygni profile (e.g.,
Matthee et al. 2026) that is characteristic of an outflowing par-
tially ionised medium. Using this model we measured the inte-
grated Hα flux, the FWHM from the exponential component, the
optical depth τ0 of the absorption (i.e., the peak of the Gaussian
representing the absorber τabsorber(λ)), and the velocity offset of
the center of the absorber relative to the center of the broad ex-
ponential, which we show in Table 3. For our sources, we find
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Table 3: Properties of the local LRDs identified in this work (continued from Table 2) .

Name FWHMexp,Hα Hα/Hβ Hα EW He i5876 EW He i7067 EW τ0,abs ∆vabs

J1717+3807 1248 ± 10 8.9 ± 1.6 985 ± 22 26.6 ± 4.2 8.3 ± 0.4 3.2 ± 0.2 −230 ± 6
J0129+0628 748 ± 9 11.0 ± 1.6 994 ± 36 20.6 ± 1.3 16.7 ± 0.9 4.1 ± 1.5 −66 ± 8
J1343+3934 588 ± 16 5.3 ± 1.2 1088 ± 67 54.2 ± 7.2 35.0 ± 2.5 5.2 ± 0.6 −99 ± 8
J1137+5520 891 ± 39 8.9 ± 1.9 760 ± 69 19.5 ± 1.8 N/A 4.2 ± 2.8 −143 ± 19
J1909+5831 748 ± 37 9.6 ± 4.6 423 ± 57 11.3 ± 1.9 N/A 3.8 ± 5.2 −75 ± 24

J0829+1312 944 ± 11 7.4 ± 0.8 1082 ± 41 25.1 ± 1.0 N/A N/A N/A
J0716+5433 1258 ± 15 7.7 ± 1.2 1206 ± 46 18.3 ± 0.9 10.5 ± 0.6 N/A N/A
J1502+0250 685 ± 11 13.2 ± 3.1 493 ± 13 8.0 ± 0.9 3.5 ± 0.5 N/A N/A

Notes. The Hα and HeI EWs are in Å, the FWHM of the exponential component is in km s−1, τ0,abs is the depth of the Hα absorber and its velocity
offset (∆vabs) is in km s−1, where the offset is defined with respect to the center of the exponential component.
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Fig. 2: The reduced chi-squared distribution (minimum value
across the four stacks) of the parent sample of N=3078 of our
LRD search in DESI spectra (selected for broad emission lines,
moderate Hα and Hβ flux, relatively weak [S ii] and [N ii] emis-
sion). We mark the locations of the eight LRD candidates we
identified and the exact numerical values can be found in Table
I. The second peak in the distribution at χ2

r ∼ 105 consists mostly
of quenched galaxies.

FWHM values of the exponential broad components of ∼ 600–
1200 km s−1.

In 5 out of our 8 LRDs, we see significant absorption fea-
tures, with the fiducial model in Eq. 1 statistically preferred
(∆BIC ≳ 80) over a model not including the absorption fac-
tor. Assuming that the velocity of the absorber is Gaussian-
distributed, our models detect outflows (blueshifted absorption)
ranging from 63–286 km s−1 with line-center optical depths
of τ0 = 1–5. While the absorption features for J1717+3807,
J0129+0628, J1343+3934 are clear, the overall S/N of the spec-
tra of J1137+5520 and J1909+5831 are lower because they are
near the detection limit of DESI with r-band magnitudes of
∼ 22.8 with the faintest Hα fluxes among our sample (see Ta-

ble 2). Although the absorption features are not correlated with
the location of noise spikes, a more precise characterization of
the absorption will likely require deeper follow-up spectroscopy
with higher spectral resolution. In particular, we speculate that
the Hα profile of J1909+5831 could also show redshifted ab-
sorption, thus featuring simultaneous redshifted and blueshifted
absorption similar to the LRD in D’Eugenio et al. (2025b) or a
single deep absorption trough (e.g., Torralba et al. 2026b). How-
ever, given that the redshifted absorption is next to a noise spike,
obtaining follow-up optical spectroscopy for J1909+5831 is nec-
essary to make more robust conclusions.

3.2. HeI strength and Hα/Hβ ratios

Our LRDs have strong He i emission, analoguous to high-
redshift counterparts, with EWs of He i λ5876 typically being
∼ 20Å and reaching up to 52.5Å (and 33.6Å for He i λ7067)
for J1343+3934. The relative intensity of the triplet He I lines
(such as λ5876 and λ7067) is sensitive to radiative-transfer pro-
cesses in a very dense gas (e.g., Benjamin et al. 2002; Berg
et al. 2025b). The triplet ground level 23S of He i is depopu-
lated at high densities (e.g., Mathis 1957; Benjamin et al. 2002),
boosting the intensities of such lines via collisional excitation to
higher triplet levels followed by radiative cascades (e.g., Berg
et al. 2025b; Torralba et al. 2026a). By fitting Gaussians to the
He i λ5876 and He i λ7067 emission lines of our parent sam-
ple, we calculate and show the equivalent widths (EWs) in Ta-
ble 2. For z > 0.35, the He i λ7067 line gets redshifted into wave-
lengths that are not covered by DESI.

Another emission-line ratio that is particularly noteworthy is
the Hα/Hβ ratio (the Balmer decrement), which is sensitive to
the dust attenuation (e.g., Cardelli et al. 1989), but also to col-
lisional excitation (e.g., Raga et al. 2015; Torralba et al. 2026a;
Berg et al. 2025a) and resonant scattering effects in dense media
(Chang et al. 2025). By fitting double Gaussians to the Hα and
Hβ lines in our parent sample, we also measure the total Hα/Hβ
flux ratios. In the standard case B scenario for typical BLR con-
ditions, the Hα/Hβ ratio is predicted to be 3.1, whereas large
Hα/Hβ ratios Hα/Hβ ∼ 9 are commonly found for high redshift
LRDs and explained with radiative-transfer or collisional effects
in dense gas (e.g., Nikopoulos et al. 2025; Chang et al. 2025;
de Graaff et al. 2025a; Matthee et al. 2026), or dust attenuation
(e.g., Brooks et al. 2025).

As shown in Figure 4, we find consistent results with the
high-redshift LRDs, with most sources showing large (≳ 7)
Hα/Hβ ratios. Meanwhile, in the parent sample of broad-line
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Fig. 3: Hα profiles of all local LRDs identified in this work, along with the best-fit model in green, the exponential component of the
model in dashed-blue, and the narrow Gaussian component in dashed-red. The residuals in the insets show (data −model)/error.
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Fig. 4: Scatter plot of He i λ5876 EW vs Hα/Hβ ratios for our
parent sample in DESI (blue contours) compared to high redshift
LRDs of Matthee et al. (2026) (red points) and the local LRDs of
this work (black points). DESI contours show a Gaussian KDE,
with contour levels corresponding to e−1, e−2, e−3, and e−4 times
the peak density. We mark the theoretical Case B recombina-
tion value of 3.1 with a horizontal dashed line along with the
positions of local LRDs marked with black points. We observe
a clustering of non-LRD sources around this value and an anti-
correlation between the Hα/Hβ ratios and He i λ5876 EWs for
LRDs.

AGN with weak [S ii] and [N ii], we find a clustering of points
near Hα/Hβ ≈ 3.1. Moreover, the LRDs stand out significantly
in terms of their He i EW, similar to the high-redshift sources
(Matthee et al. 2026). Both the low-redshift and high-redshift
LRDs display an anti-correlation between the Balmer deecre-
ment and the EW of the HeI line.

3.3. Multi-wavelength photometry

As mentioned in Sect. 1, local LRDs open opportunities for
ground-based observatories to contribute to the study of LRDs.
We query the VizieR photometry viewer4 for the local LRDs to
retrieve archival data. With the exception of J1909+5831, which
is the faintest of our sources, we find photometry covering rest-
UV (GALEX; Bianchi et al. 2017), optical (SDSS; Abdurro’uf
et al. 2022), and infrared (2MASS and WISE; Skrutskie et al.
2006; Wright et al. 2010). We find no data or constraints in X-
rays; in particular, to our knowledge, the 8 sources lie in areas of
the sky where Chandra has not observed.

We convert the flux densities to the rest-frame using the red-
shift measured by DESI and plot them along with the DESI
spectra in Fig. 5. To check if a Balmer break-like inflection
point occurs, we mark the Balmer break wavelength and also
plot the stack of Matthee et al. (2026) for reference. We find
that J1717+3807 and J1502+0250 show the clearest inflection

4 https://vizier.cds.unistra.fr/vizier/sed/old/

points, both in the photometry and in the smoothed spectra.
With more uncertainty, J0829+1312 also shows similar trends.
For sources like J1343+3934, J1137+5520, and J0129+0628,
the optical photometry frequently overlaps with strong emission
lines, making analysis of the continuum difficult.

In all sources, we find weak IR emission, consistent with
the high-redshift LRDs (e.g., Setton et al. 2025b, cf. Delvec-
chio et al. 2025; Barro et al. 2024). In order to roughly quan-
tify this, we fitted two blackbodies to the photometric points at
λrest > 2 µm (with the exception of J1909+5831, for which we
fit a single blackbody since only two data points are available).
As shown in Fig. 5, some contribution to the mid-IR contin-
uum could arise from a “warm dust” emission component with
T ∼ 200–1100 K.

We also produce RGB images of our sources using the DESI
legacy g, r, z bands and show 7.86′′ × 7.86′′ cutouts in Fig. 5.
We note that despite never explicitly requiring a compactness re-
quirement in our spectroscopic search, the final eight sources ap-
pear unresolved, implying angular sizes of ≲ 1′′. For the closest
source J1717+3807 at z = 0.1959, this implies a comoving phys-
ical size of ≲ 3.8 kpc and for the farthest source J1137+5520 at
z ∼ 0.4358, this implies a size of ≲ 8.1 kpc. Given that the
sources are unresolved, the true sizes could be much smaller;
thus, we only interpret these numbers as an upper limit.

3.4. Stacks

We stacked our eight selected LRDs to examine the general
properties of the sample. In Fig. 6 we show the median DESI
stacks, compared to the stack of the full JWST/NIRSpec sample
in Matthee et al. (2026). For the comparison, we have degraded
the DESI stack (RDESI ≈ 4550) to the approximate resolution of
the NIRSpec grating stack (Rgrating ≈ 2000). Also, both stacks
are normalized to their median flux in the 5100 − 5300Å wave-
length range. The DESI stack qualitatively shows very similar
narrow-line features to the JWST stack (in particular [Fe ii], He i,
[Ar iv], and [S iii]). In turn, the main difference is the relative
strength of the broad Balmer lines.

We fit Gaussians to the He ii λ4868 and [Ne v] λ3426, which
we imposed to be weak by selection (see Sect. 2). Both lines have
relatively high ionization potentials (IP 54.4 eV and 97.1 eV, re-
spectively), and ensure that our selected sources have intrinsi-
cally soft ionization spectrum, contrary to what is expected for
broad like Type I AGN. For our stack, we measure rest-frame
equivalent widths of EW(He ii) = 2.3 ± 0.4 Å, EW([Ne v]) =
0.2 ± 0.3 Å (3σ upper limit 0.9 Å). We also fit the Hα and Hβ
in our median stack with the same model we used in Sect. 3.1.
We obtain for our stacked sample EW(Hα) = 910 ± 30 Å,
EW(Hβ) = 170 ± 9 Å, and EW([N ii]) = 13 ± 2 Å (doublet).
For comparison, the median Hα EW in the high-redshift stack
is 1500 Å, but we note that the Hα EW varies from source to
source among LRDs (300–2000 Å; e.g., Hviding et al. 2025;
de Graaff et al. 2025a). . The Balmer decrement of the stack is
Hα/Hβ = 7.3 ± 0.7 (see Sect. 3.2 for a detailed discussion).

Following Wang et al. (2025), we measure optical line ratios
log10(He ii/Hβ) = −1.84 ± 0.08 and log10([N ii]/Hα) = −1.99 ±
0.08. Both ratios are much lower than typical values observed in
SDSS Type I AGN (e.g., Bär et al. 2017), securing our stacked
sample within the non-AGN regime (e.g., Kouroumpatzakis &
Svoboda 2025). Moreover, as discussed by Wang et al. (2025)
that the extremely high Hα equivalent widths measured in most
LRDs (including our sample) is energetically incompatible with
typical QSO ionization spectra. We can thus conclude that the
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GALEX/SDSS/2MASS/WISE

IR Blackbody fit

Stack (Matthee+26)

10−1

100

101

T1 = 1142K
T2 = 269 K

J0129+0628
z = 0.247

10−1

100

101

f λ
[1

0−
1
7

er
g

s−
1

cm
−

2
Å
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Fig. 5: Spectral energy distributions of our sample. We show the DESI spectrum with a black line, resampled to a ×50 coarser
binning for visual clarity. We also show archival photometry from GALEX, SDSS, 2MASS and WISE with red dots. We also
compare with the stack of the full JWST sample in Matthee et al. (2026) (red line and shaded region) and the JWST prism spectrum
of the Rosetta Stone at z = 2.26 (Juodžbalis et al. 2024) that covers the rest-frame NIR. We also show our best-fit blackbodies to
the mid-IR photometric points (rest wavelength > 2 µm; see Sect. 3.3). We also show inset RGB (DESI legacy g, r, and z bands)
7.86′′ × 7.86′′ stamps of each object, showcasing their compact morphology.

emission-lines in our sample are not compatible with the ioniza-
tion conditions of a typical BLR, and these are rather indicative
of a hot ionising spectrum with a cutoff above ∼ 60 eV.

3.5. Contaminants: Balmer absorption quasars

During the visual inspection of our parent sample of 3,078
sources (see Sect. 2), we identified 7 objects that show broad
Balmer lines and Balmer absorption (see Fig. C.1) that are vi-
sually similar (to varying degrees) to the ones found in high-
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Fig. 6: Stack of our 8 selected LRDs (black) compared to the JWST/NIRSpec grating stacks in Matthee et al. (2026) (red). We
smoothed the DESI stack (RDESI ≈ 4550) with a Gaussian kernel to match the NIRSpec stack (assuming Rgrating ≈ 2000). The DESI
stack shows similar narrow line features to the JWST counterpart; including [Fe ii], He i, [Ar iv], and [S iii]. The main difference is
the relative intensity of the Balmer lines Hα and Hβ, this is discussed in Sect. 3.4.

redshift LRDs (e.g., Matthee et al. 2026). Although the sources
do not pass the χ2

r < 100 cut, given the striking similarities of
the Hα profile, we discuss the properties of one of these sources
that most resembles an LRD.

BAQ15 (RA, Dec = (236.2971, +22.6489), z = 0.2187, mag-
nitude r = 18.47) is an intriguing source that we discovered
during our visual inspection. It caught our attention because it
shows narrow, yet strong absorption features blueshifted by few
hundred km s−1 relative to the broad component in its Balmer
lines. The absorption goes below the continuum in the higher or-
der lines. Using the same model as in Eq. 1 (but accounting for
[O iii] λ4364 near the Hγ line with an additional single Gaus-
sian), we quantify and show the characteristics of the absorber
of this source in Table C.1. We also show the Balmer lines Hα–
Hϵ in Fig 7, along with the best-fit model in a gray-dashed line.
The center of the absorption occurs roughly in the same loca-
tion in velocity space along the Balmer series, indicating a com-
mon physical origin. We also note that the absorption optical
depth is larger for Hβ compared to Hα, which is unusual for
typical galaxies, but has been reported in high redshift LRDs
(e.g., D’Eugenio et al. 2025b). The central absorption veloci-
ties of ≈ −350 km s−1 are more blue-shifted than typically seen
in LRDs, suggesting faster moving gas. Moreover, the source
shows negligible [N ii] and [S ii] compared to Hα and shows
prominent He i emission. However, some features of BAQ1 are at

5 DESI interactive viewer for BAQ1.

odds with most observations of high-z LRDs and are in turn typi-
cal signatures of the high-ionization photons and hard ionization
spectra of classical broad line AGN. For example, we measure a
[Ne v] EW of 1.4 Å and we observe strong and broad He ii emis-
sion. Notably, also the Balmer decrement is not as steep as in
LRDs (Hα/Hβ = 3.7 ± 0.3).

4. Variability analysis

Seven out of the eight sources (the exception being J1137+5520)
have light curves in ZTF6 spanning up to ∼ 2500 days, or 7 years
in the rest-frame. We choose J1717+3807 as a representative ex-
ample for analysis as it is sufficiently bright to be detected in
both CRTS7 (Drake et al. 2009) and ZTF (Masci et al. 2018), es-
tablishing a baseline of ∼ 17 years in the rest-frame, and most of
its data points are within the typical limiting magnitude of ZTF
(20.5 mag). As can be seen in the ZTF light curve of this source
in the left panel of Fig. 9, J1717+3807 does not appear to vary.
Subtracting out noise, we estimate the intrinsic variability of this
source as σ2

int = var(y) − ⟨σ2
err⟩, where var(y) is the variance of

the light curve y in magnitude units and ⟨σ2
err⟩ is the average pho-

tometric variance across the light curve. For the ZTF light curve,
we find σint = 0.039+0.003

−0.004 mag, and similarly for the CRTS light

6 https://irsa.ipac.caltech.edu/cgi-bin/Gator/nph-dd
7 http://nunuku.caltech.edu/cgi-bin/getcssconedb_
release_img.cgi
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Fig. 7: The Balmer lines (Hα–Hϵ) of the LRD-contaminant
BAQ1 that shows strong blueshifted absorption features at ∼
350 km s−1. We overlay the spectra with our best-fit model (see
model details in Section 3) using dashed gray curves. In the case
of Hγwe simultaneously fit the [O iii]λ4363 line. Spectra are off-
set vertically for clarity.

curve, we find σint = 0.047+0.022
−0.047 mag, indicating weak variabil-

ity over the combined ZTF and CRTS baseline. The errorbars on
the intrinsic variability are simply the errorbars on the variance
var(y), assuming that the ZTF or CRTS photometric errors σ2

err
are accurate.

To perform an additional test for AGN-like variability, we
use the Python package eztao which is built on top of the Gaus-
sian process regression library celerite (Foreman-Mackey
et al. 2017) to fit the ZTF light curve of J1717+3807 to a
Damped Random Walk (DRW; MacLeod et al. 2010), a well-
known model for AGN variability. This model is characterized
by an exponential covariance matrix Cij = σ

2
DRWe−|ti−t j |/τDRW ,

where σDRW is the characteristic variability in units of mag-
nitudes, τDRW is a characteristic damping time scale, and ti, t j
are any two times on the light curve. We find σDRW =
0.043 mag, τDRW = 0.04 days consistent with white noise. This
is in contrast with typical quasars, which have longer damp-
ing timescales τDRW of hundreds of days. To show this, we uti-
lize the measured r-band DRW parameters from SDSS quasars
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Fig. 8: Measured Damped Random Walk (DRW) parameters
(amplitude and correlation timescale) for the r-band light curves
of 9258 SDSS quasars MacLeod et al. (2012), DESI LRDs from
this work, and BAQ 1 from this work. The contours are estimated
and plotted identically to Fig. 4 using Gaussian KDE.

(MacLeod et al. 2012)8 and compare the DRW parameter dis-
tribution to DESI LRDs from this work in Fig. 8 and Table 4.
To visualize the differences between AGN red-noise variability
and (LRD) white-noise variability, for J1717 and BAQ1 we also
calculate the power spectral density (PSD) of the light curve via
a Lomb-Scargle (LS) periodogram (Lomb 1976; Scargle 1982),
fitting a line to the PSD ∝ f −α in log-log space to measure its
slope. As can be seen in the bottom left panel of Fig. 9, the best-
fit slope α = 0.0036±0.008 of this log-log line is consistent with
0, as expected for white noise.

Like J1717+3807, we find evidence for weak and uncor-
related white noise variability, based on the intrinsic scatter
σint = 0.0 − 0.1 mag for most sources and small τDRW for all.
In particular for J1717+3807, J0716+5433, J0829+1312, this
result holds for hundreds or thousands of observations. While
J1502+0250 shows the most potential for significant variability,
we are cautious to make such a conclusion given that most of its
data points lie below the ZTF limiting magnitude. Moreover, the
damping timescale τDRW for J1502+0250 is much smaller than
typical quasar variability (see also Fig. 8), indicative of white
noise as also shown in the other DESI LRDs. ZTF r-band light
curves of the DESI LRDs besides J1717+3807 can be seen in
Figure B.1.

In contrast, we find that the light curve of BAQ1 (shown in
top right panel of Fig. 9) exhibits AGN-like variability. Measur-
ing the DRW parameters in the same way using eztao gives
σDRW = 0.15 mag, τDRW = 90.0 days, which are typical of
quasars (MacLeod et al. 2010). Identically calculating a Lomb-
Scargle periodogram to estimate the PSD, we find a close match
to the DRW PSD (pink-dashed curve in bottom right panel of

8 https://faculty.washington.edu/ivezic/macleod/qso_
dr7/Southern.html
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Fig. 9: ZTF r-band rest-frame light curves of J1717+3801 and BAQ1 (top panels) along with their LS Periodograms (bottom panels)
to estimate their PSDs. The data points of J1717+3801 are shown with high transparency to emphasize where they are concentrated
the most. The PSD of J1717 is flat (∝ f 0), indicative of uncorrelated white noise, whereas the PSD of BAQ1 is bent (∝ f −2),
indicative of correlated red noise, with a flattening occuring roughly at the theoretical value of fbreak = 1/(2πτDRW). We find that
the light curve of J1717+3801 shows signs of weak variability (∼ 0.04 mag) and uncorrelated white noise, whereas BAQ1 shows
typical quasar variability of σDRW ∼ 0.15 mag.

Fig 9), where

PSD( f ) =
4τ2

DRWσ
2
DRW

1 + (2π f τDRW)2 . (2)

We also mark a characteristic "break" frequency fbreak =
1/(2πτDRW), where the PSD ∝ f −2 for red noise at f >> fbreak
but "flattens out" to white noise PSD ∝ f 0 at f << fbreak.

The light curves of the J1717+3801 and BAQ1 are shown as
an illustrative example that indicates that the variability is cor-
related with the overall spectral shape of the sources. If intrin-
sic variability in the engines of LRDs were to be regulated by
dense gas envelopes that is seen in the Balmer absorption lines
(e.g., Kido et al. 2025), such mechanism is clearly not present
in BAQ1, again suggesting that the covering fraction of the ab-
sorber is much smaller. It could therefore be promising to use
the lack of (strong) variability as a selection criterion to identify
local LRDs. We expect that more rigorous statistical analyses
of variability will be enabled with the discovery of more local
LRDs and the capability of LSST to monitor faint sources down
to 24−26 mag as well as further extending the existing baselines
to decades.
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Fig. 10: Number density estimate of DESI LRDs compared to
the estimate of Lin et al. (2026), high-redshift estimates (Ko-
cevski et al. 2025; Kokorev et al. 2024; Ma et al. 2025a), and
the numbers of X-ray AGNs (Ueda et al. 2014; Pouliasis et al.
2024). The upper errorbar on the DESI estimate assumes that
all ambiguous sources in our search are LRDs, although this is
highly unlikely.
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Table 4: Variability statistics for the seven local LRD candidates
and BAQ1 with available ZTF r-band light curves (J1137+5520
does not have ZTF data).

Name Nobs,ZTF σint σDRW τDRW

J1717+3807 2061 0.04+0.003
−0.004 0.04 8 × 10−5

J0716+5433 346 0.00+0.04
−0.00 0.14 3.0

J0829+1312 252 0.11+0.03
−0.04 0.20 2.7

J1502+0250 97 0.23+0.05
−0.07 0.32 5.4

J1343+3934 81 0.11+0.06
−0.11 0.19 0.03

J0129+0628 14 0.05+0.08
−0.05 0.09 7.2 × 10−5

J1909+5831 3 0.54+0.10
−0.54 N/A N/A

J1137+5520 0 N/A N/A N/A
BAQ1 917 0.140.003

−0.003 0.15 90.0

Notes. We display in order of the number of data points of the ZTF r
band light curve. σint is the intrinsic variability in units of magnitude,
σDRW, τDRW are the AGN Damped Random Walk parameters in units of
magnitude and days, respectively. We do not attempt to calculate DRW
parameters for J1909+5831, which has a small number of data points.

5. Discussion

5.1. Number Density of low-redshift LRDs

The evolution of the number density of LRDs is one of the key
observational tests for models of the nature of LRDs. Given that
we have identified eight LRD candidates, it is possible to make
a crude estimate of the number density of LRDs at low redshift.
The comoving volume within z < 0.45 is Vz<0.45 ∼ 21.4 Gpc3

and the DESI survey footprint for DR1 is ADESI ∼ 9528 deg2

(DESI Collaboration et al. 2026). If we assume fcomplete as a
fudge factor representing the fraction of galaxies that DESI
has observed in DR1 in its footprint out of the true number
of galaxies, and we assume these 8 sources are genuine local
LRDs, we can estimate the number density of LRDs as nLRD(z <
0.45) × Vz<0.45

ADESI
Asky

fcomplete ∼ 8. Assuming Asky = 41253 deg2

gives

nLRD(z < 0.45) = f −1
complete × 1.6 × 10−9 Mpc−3. (3)

We note that a similar estimate made for the LRD number den-
sity based on SDSS data (Lin et al. 2026) yielded a comparable
estimate nLRD(z < 0.5) ≳ 5 × 10−10 Mpc−3. The number den-
sities would be higher (see upper errorbar in Fig. 10) if all our
ambiguous sources were to be confirmed as LRDs, although this
is unlikely as discussed in Section 2. The spectroscopic com-
pleteness is the key uncertainty. It is very challenging to reliably
estimate fcomplete because the identified LRDs span a range of
selections and extend to the faintest magnitudes in DESI (see
Myers et al. 2023 for a detailed overview of the complex aspects
of the DESI target selection). Most LRDs were part of the quasi-
stellar object target class due to their compactness. J1717+3807
and J0829+1312 were also selected in the Luminous Red Galaxy
target class. J1909+5831, however, was only observed as a filler
target. The least that we can say is that our results yield a firm
lower limit to the number density by assuming fcomplete = 1.

5.2. Comparison to Ding et al. (2026)

Ding et al. (2026) recently also performed a search for (ana-
logues of) LRDs in DESI DR1. Unlike our spectroscopic ap-

proach, their target selection mimicks the photometric ap-
proaches used in JWST data (e.g., Kokorev et al. 2024) that use
a compactness criterion as well as a V-shaped color based on
UV (λ < 3645Å) and optical (λ > 3645Å) SED slopes. There
is no overlap in our samples. This is because we remove sources
with strong [N ii] and [S ii] lines as those are not seen among
high-redshift LRDs, whereas they are common among Seyferts
and normal quasars. The lack of strong [N ii] and [S ii] in LRDs
is attributed to their high covering fractions of gas with densi-
ties well above the critical densities of these lines, as well as
their low gas-phase metallicity. As photoionization models sug-
gest that this dense gas is the cause of the V-shaped spectrum of
LRDs (e.g., Inayoshi & Maiolino 2025; Ji et al. 2025b; Naidu
et al. 2025), the detection of strong [N ii] and [S ii] in the sources
studied by Ding et al. (2026) suggests that their V-shaped SEDs
are likely due to other physical mechanisms.

5.3. A Dearth of Red and Luminous LRDs at z ∼ 0?

As we showed in our stacked spectrum (Section 3.4), the DESI
LRDs most resemble the high-redshift LRDs with relatively
weak Balmer breaks. Fig. 11 further elaborates these differ-
ences by showing the distribution of Hα luminosities and Balmer
break strengths of the low-redshift LRDs as well as a large
sample at high-redshift. We have computed the Balmer break
strength following de Graaff et al. (2025b), as the median ratio
fν,4000−4100/ fν,3620−3720. We note that some of our candidates have
a Balmer break strenght < 1. For instance, the LRD J1717+3807
highlighted in Fig. 1 presents a clear Balmer jump, which could
indicate a significant contribution from a young star-forming
galaxy to the SED of this object (see Killi et al. 2024, for a
discussion over a highly similar LRD spectrum with a Balmer
jump). Alternatively, Balmer jumps could also be produced in
dense gaseous envelopes of LRDs under specific conditions, as
predicted by models (e.g., Sneppen et al. 2026; Liu et al. 2026a),
possibly due to a higher covering fraction of lower column den-
sity channels (e.g. Tang et al. 2026). The Hα luminosities in our
sample are in the range of (1−5)×1042erg/s, similar to the sam-
ple from Lin et al. (2025). Thus, compared to high-redshift LRDs
(Matthee et al. 2026; de Graaff et al. 2025b), the low-redshift
LRDs lack the most luminous LRDs with LHα > 1043 erg s−1.

The lack of red and luminous LRDs at z ∼ 0 could either be
due to selection effects, or physical evolution. As shown in the
right panel of Fig. 5, it appears that more luminous LRDs are
redder, especially those above LHα > 1043 erg s−1. Given that
most LRDs among our sample were DESI-selected as QSO tar-
gets and some as possible LRGs, it is hard to imagine how the
most luminous sources at low-redshift would be missed. Never-
theless, blind wide-area spectroscopic surveys, for example with
Euclid or Roman would be very valuable in addressing such pos-
sible biases introduced by photometric pre-selection.

If physical effects would cause the lack of luminous LRDs at
low-redshift, we speculate that this could be due to the larger
metallacities in low-redshift environments leading to efficient
cooling and to lower gas supplies available for rapid collapse of
gas fueling the most luminous LRDs at lower redshifts. Given
that the redness and high Hα EWs in LRDs have been asso-
ciated with high gas accretion rates (e.g., Madau & Maiolino
2026), the lack of Hα-luminous and red LRDs at low-redshifts,
and their lower Hα EWs compared to the high-redshift sources,
aligns with such a picture of decreased gas accretion rates.
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6. Summary

Samples of Little Red Dots at low redshift offer valuable in-
sights into their nature as they are suitable for sensitive follow-
up across the electromagnetic spectrum. Moreover, their lower
redshift facilitates variability studies and the redshift evolution
of their number density and luminosity function provides impor-
tant insights into the physical conditions that give rise to the phe-
nomenon. We performed a spectroscopic search for low-redshift
Little Red Dots by comparing the rest-frame optical spectra of
broad-emission line sources in the DESI DR1 catalog with tem-
plates based on high-redshift observations. Additionally, we re-
move objects with Hα lines with relatively low equivalent width
and line-width, as well as quasars with high-excitation [NeV]
line emission (see Table. 1). Here, we summarize our results
from this search:

– We discover eight low-redshift LRDs at redshifts z = 0.20 −
0.44 which show properties of high-redshift LRDs: blue-
shifted, narrow absorption in the Hα line in 5/8 cases,
broad exponential wings, strong He I line-emission that
anti-correlates with the (steep) Balmer decrements, weak IR
emission and possible inflection points in the SED near the
Balmer break wavelength. While it was not required as a
search criterion, the 8 LRDs show compact morphologies
that are unresolved in ground-based imaging with ∼ 1′′ res-
olution. [Table 2, Figs. 1, 3, 4 and 5]

– Compared to high-redshift LRDs, our sources show simi-
lar strengths in the narrow (forbidden) lines as [Fe ii], He i,
[Ar iv], and [S iii], but the Balmer line equivalent widths are
a factor ∼ 1.5 lower. Nebular HeII emission is detected, but
its line-ratio with respect to Hβ is much lower than typical
Type I AGNs, similar to high-redshift LRDs and suggesting
a cut-off in the spectrum of the ionising source around 50 eV.
[Section 3.4, Fig. 6]

– Photometric time-domain data is available with a relatively
high cadence from the ZTF and CRTS surveys. The LRDs
show weak 0.0 − 0.1 mag variability across multiple-year-
long baselines in their rest-frame, and are consistent with
white noise. Quantifying the variability with a damped ran-
dom walk model, we show that the variability of DESI
LRDs is unusual compared to AGN red-noise variability
with damping timescales of hundreds of days. [Section 4,
Figs. 8 and 9]

– During our search, we found a quasar which we nickname
"Balmer Absorption Quasar 1" (BAQ1), which shows very
similar Balmer line-profiles to LRDs, including narrow blue-
shifted absorption, yet it shows typical quasar features as
high-excitation lines and broad permitted FeII. BAQ1 shows
clear variability with the typical AGN red-noise power spec-
tral density. These results highlight the potential of using
the (lack of) variability as a highly specific way of selecting
LRDs at low redshifts. [Section 3.5, Figs. 7 and 8]

– Our search implies a number density of f −1
complete1.6 ×

10−9 Mpc−3, where fcomplete is the spectroscopic complete-
ness of the DESI DR1 survey. Unless fcomplete is very small,
our results imply orders of magnitude lower number densi-
ties of LRDs in the low-redshift Universe, compared to z > 2,
similar to earlier estimates based on the SDSS. Combined
with other samples, we report a lack of red LRDs with lu-
minous Hα lines at z ∼ 0. While a selection effect cannot
be ruled out and such luminous sources should easily be de-
tectable in blind wide-area spectroscopic surveys, we specu-
late that this could be related to differences in the gas-phase
metallicity that controls the gas mass available for rapid col-
lapse to fuel LRD activity. [Sections 5.1 and 5.3, Figs. 10
and 11]

Article number, page 13 of 21



A&A proofs: manuscript no. main

Acknowledgements

We thank Aayush Desai for useful conversations on how to per-
form this search efficiently.

Funded by the European Union (ERC, AGENTS,
101076224). Views and opinions expressed are however
those of the author(s) only and do not necessarily reflect those
of the European Union or the European Research Council.
Neither the European Union nor the granting authority can be
held responsible for them.

We acknowledge support by NASA grants 80NSSC22K0822
and 80NSSC24K0440 (ZH).

This research uses services or data provided by the Astro
Data Lab, which is part of the Community Science and Data
Center (CSDC) Program of NSF NOIRLab. NOIRLab is oper-
ated by the Association of Universities for Research in Astron-
omy (AURA), Inc. under a cooperative agreement with the U.S.
National Science Foundation. In addition, this research uses ser-
vices or data provided by the SPectra Analysis and Retrievable
Catalog Lab (SPARCL) and the Astro Data Lab, which are both
part of the Community Science and Data Center (CSDC) Pro-
gram of NSF NOIRLab. NOIRLab is operated by the Associ-
ation of Universities for Research in Astronomy (AURA), Inc.
under a cooperative agreement with the U.S. National Science
Foundation.

Based on observations obtained with the Samuel Oschin
Telescope 48-inch and the 60-inch Telescope at the Palomar Ob-
servatory as part of the Zwicky Transient Facility project. ZTF
is supported by the National Science Foundation under Grant
No. AST-2034437 and a collaboration including Caltech, IPAC,
the Weizmann Institute for Science, the Oskar Klein Center at
Stockholm University, the University of Maryland, Deutsches
Elektronen-Synchrotron and Humboldt University, the TANGO
Consortium of Taiwan, the University of Wisconsin at Mil-
waukee, Trinity College Dublin, Lawrence Livermore National
Laboratories, and IN2P3, France. Operations are conducted by
COO, IPAC, and UW.

This research used data obtained with the Dark Energy Spec-
troscopic Instrument (DESI). DESI construction and operations
is managed by the Lawrence Berkeley National Laboratory. This
material is based upon work supported by the U.S. Department
of Energy, Office of Science, Office of High-Energy Physics, un-
der Contract No. DE–AC02–05CH11231, and by the National
Energy Research Scientific Computing Center, a DOE Office of
Science User Facility under the same contract. Additional sup-
port for DESI was provided by the U.S. National Science Foun-
dation (NSF), Division of Astronomical Sciences under Contract
No. AST-0950945 to the NSF’s National Optical-Infrared As-
tronomy Research Laboratory; the Science and Technology Fa-
cilities Council of the United Kingdom; the Gordon and Betty
Moore Foundation; the Heising-Simons Foundation; the French
Alternative Energies and Atomic Energy Commission (CEA);
the National Council of Humanities, Science and Technology
of Mexico (CONAHCYT); the Ministry of Science and Innova-
tion of Spain (MICINN), and by the DESI Member Institutions:
www.desi.lbl.gov/collaborating-institutions. The DESI collabo-
ration is honored to be permitted to conduct scientific research
on I’oligam Du’ag (Kitt Peak), a mountain with particular signif-
icance to the Tohono O’odham Nation. Any opinions, findings,
and conclusions or recommendations expressed in this material
are those of the author(s) and do not necessarily reflect the views
of the U.S. National Science Foundation, the U.S. Department of
Energy, or any of the listed funding agencies.

Software: python (Oliphant 2007; Millman & Aivazis
2011), numpy (van der Walt et al. 2011), matplotlib (Hunter
2007), scipy (Virtanen et al. 2020), astropy (Astropy Collab-
oration et al. 2013, 2018, 2022), astroML (Ivezić et al. 2014),
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Appendix A: LRD Spectra and Ambiguous Sources

In Fig. A.1, Fig. A.2, Fig. A.3, and Fig. A.4, we show the
DESI spectra of the LRDs identified in this work excluding
J1717+3807 (shown in Fig. 1). As in Fig. 1, we plot the wave-
length ranges of 3500−5400Å and 5800−7200Å, which include
relevant spectral lines in our analysis.

In Table A.1, we show coordinates and DESI IDs for the final
ambiguous sources which we could not rule out from our search
criteria.

Table A.1: DESI spectra viewer, DESI target id, coordinates (in
J2000) and redshifts of the final 11 ambiguous sources from our
systematic search (see Table 1 for details).

DESI targetid R.A. Dec. z

39627515605554125 66.3673 -11.1843 0.1577
39627731482186838 66.4798 -2.2700 0.1852
39627782354897895 218.6236 -0.3037 0.4483
39627889422894267 122.4551 4.1357 0.4350
39627908985128696 211.4203 4.9916 0.4317
39627911430409814 357.6689 5.1077 0.4334
39628023418329441 245.1517 9.6297 0.4086
39628225134985394 37.6389 18.4696 0.3287
39628461970556460 336.9661 29.0997 0.0035
39628518019040271 245.1347 31.8047 0.4099
39633282664497740 214.5969 52.1818 0.2071

Appendix B: Light Curves

We also show the ZTF r-band light curves of the DESI local
LRDs in Fig. B.1. The analysis of these light curves can be seen
in Section 4.

Appendix C: Balmer line properties of BAQs

We present absorption properties in the Balmer lines (Hα-Hϵ)
of Balmer Absorption Quasar (BAQ) 1 in Table. C.1. As men-
tioned in Section 3.5, the absorption features are similar to high-
z LRDs, but BAQ1 shows prominent [NeV] and HeII along with
variability in its optical light curve, which are different compared
to LRDs.

We also show the Hα profiles of other quasars with absorp-
tion features in Fig. C.1. The absorption features in these sources
are both redshifted and blueshifted but only BAQ 1 shows sharp
and narrow absorption features like LRDs.

Line Vel. Offset [km s−1] Abs. Depth τ0
Hα −369.9 ± 4.6 1.8 ± 0.1
Hβ −352.8 ± 17.9 4.9 ± 2.7
Hγ −500.2 ± 37.7 124.8 ± 3273.4*
Hδ −369.2 ± 69.7 8.2 ± 11.0
Hϵ −309.7 ± 2166.7 11.8 ± 535.7

Table C.1: Properties of the absorber of BAQ1 present in its
Balmer lines. * We note that the large errors and extremely large
absorption depths for Hγ, Hδ, Hϵ reflect the fact that the absorp-
tion in these lines are close to or even slightly below the con-
tinuum, which our model (see Eq. 1) cannot produce and which
suggests that (unlike in LRDs) the absorbing gas is located out-
side of the region that produces the continuum emission.
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Ivezić, Ž., Connolly, A., Vanderplas, J., & Gray, A. 2014, Statistics, Data Mining

and Machine Learning in Astronomy (Princeton University Press)
Izotov, Y. I. & Thuan, T. X. 2008, ApJ, 687, 133
Izotov, Y. I., Thuan, T. X., & Guseva, N. G. 2007, ApJ, 671, 1297
Ji, X., D’Eugenio, F., Juodžbalis, I., et al. 2025a, arXiv e-prints,

arXiv:2507.23774
Ji, X., Maiolino, R., Übler, H., et al. 2025b, MNRAS, 544, 3900
Juneau, S., Olsen, K., Nikutta, R., Jacques, A., & Bailey, S. 2021, Computing in

Science and Engineering, 23, 15
Juodžbalis, I., Ji, X., Maiolino, R., et al. 2024, MNRAS, 535, 853
Kido, D., Ioka, K., Hotokezaka, K., Inayoshi, K., & Irwin, C. M. 2025, MNRAS,

544, 3407
Killi, M., Watson, D., Brammer, G., et al. 2024, A&A, 691, A52
Kocevski, D. D., Finkelstein, S. L., Barro, G., et al. 2025, ApJ, 986, 126
Kocevski, D. D., Onoue, M., Inayoshi, K., et al. 2023, ApJ, 954, L4
Kokorev, V., Caputi, K. I., Greene, J. E., et al. 2024, ApJ, 968, 38
Kokorev, V., Chisholm, J., Naidu, R. P., et al. 2025, arXiv e-prints,

arXiv:2511.07515
Kokubo, M. & Harikane, Y. 2025, ApJ, 995, 24
Kouroumpatzakis, K. & Svoboda, J. 2025, A&A, 696, A133
Labbe, I., Greene, J. E., Bezanson, R., et al. 2025, ApJ, 978, 92
Latif, M. A., Aftab, A., Whalen, D. J., & Mezcua, M. 2025, A&A, 694, L14

Article number, page 15 of 21

https://www.legacysurvey.org/viewer/desi-spectrum/dr1/targetid39627515605554125
https://www.legacysurvey.org/viewer/desi-spectrum/dr1/targetid39627731482186838
https://www.legacysurvey.org/viewer/desi-spectrum/dr1/targetid39627782354897895
https://www.legacysurvey.org/viewer/desi-spectrum/dr1/targetid39627889422894267
https://www.legacysurvey.org/viewer/desi-spectrum/dr1/targetid39627908985128696
https://www.legacysurvey.org/viewer/desi-spectrum/dr1/targetid39627911430409814
https://www.legacysurvey.org/viewer/desi-spectrum/dr1/targetid39628023418329441
https://www.legacysurvey.org/viewer/desi-spectrum/dr1/targetid39628225134985394
https://www.legacysurvey.org/viewer/desi-spectrum/dr1/targetid39628461970556460
https://www.legacysurvey.org/viewer/desi-spectrum/dr1/targetid39628518019040271
https://www.legacysurvey.org/viewer/desi-spectrum/dr1/targetid39633282664497740


A&A proofs: manuscript no. main

3500 3750 4000 4250 4500 4750 5000 5250

100

101

f λ
[1

0
−

1
7

er
g

s−
1

cm
−

2
Å
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Fig. A.1: DESI spectra of LRDs J0129+0628 and J1343+3934 identified in this work (as in Fig. 1).

Leung, G. C. K., Finkelstein, S. L., Pérez-González, P. G., et al. 2025, ApJ, 992,
26

Lin, X., Fan, X., Cai, Z., et al. 2026, ApJ, 997, 364
Lin, X., Fan, X., Cai, Z., et al. 2025, arXiv e-prints, arXiv:2507.10659
Liu, H., Jiang, Y.-F., Quataert, E., et al. 2026a, arXiv e-prints, arXiv:2603.02317
Liu, Z., Naidu, R. P., Secunda, A., et al. 2026b, arXiv e-prints, arXiv:2604.13000

Loiacono, F., Gilli, R., Mignoli, M., et al. 2025, A&A, 703, A36
Lomb, N. R. 1976, Ap&SS, 39, 447
Ma, Y., Greene, J. E., Setton, D. J., et al. 2025a, arXiv e-prints, arXiv:2504.08032
Ma, Y., Greene, J. E., Setton, D. J., et al. 2025b, ApJ, 981, 191
Ma, Y., Greene, J. E., Volonteri, M., et al. 2025c, arXiv e-prints,

arXiv:2509.02662

Article number, page 16 of 21



Kevin Park et al.: DESI LRDs

3500 3750 4000 4250 4500 4750 5000 5250
10−1

100

101

f λ
[1

0
−

1
7

er
g

s−
1

cm
−

2
Å
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Fig. A.2: DESI spectra of LRDs J1137+5520 and J1909+5831 identified in this work (as in Fig. 1).
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Fig. A.3: DESI spectra of LRDs J0829+1312 and J0716+5433 identified in this work (as in Fig. 1).
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Fig. A.4: DESI spectra of LRD J1502+0250 identified in this work (as in Fig. 1).
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Fig. B.1: ZTF r-band light curves of the local LRDs. J1717+3801 is omitted because it is shown in Fig. 9 and J1137+5520 does not
have any observations to our knowledge.
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Fig. C.1: Hα spectra of 7 quasars with apparent Balmer absorption features in their spectra. The profiles show a wide variety, in
some case indicative of broad Keplerian disks combined with lines with intermediate widths. BAQ 1 is the only Balmer absorption-
line quasar that we identified whose profile resembles the LRD profiles.
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