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ABSTRACT

JWST has revealed a substantial population of “Little Red Dots” (LRDs) at z > 4, challenging

conventional AGN frameworks. However, the low-redshift regime remains largely unexplored. In the

second paper of the (LRDs)2 series, we present a systematic selection from DESI DR1 and identify

27 LRDs at z = 0.2–0.9, yielding a number density lower limit of 7.5 × 10−10 cMpc−3. We conducted

near-IR spectroscopic follow-up observations for 18 of them, revealing their full SED shapes and emis-

sion lines. These low-z LRDs share the hallmark properties of their high-z counterparts: compact

morphology, V-shaped UV-optical continua, broad Balmer emission with extreme decrements (median

Hα/Hβ ∼ 16), frequent Balmer absorption (67%), and blackbody-like optical-to-near-IR continua. All

have low metallicity, occupy the same regions in the BPT diagram as high-z LRDs, and have softer ion-

izing spectra than typical AGNs. The consistency between low-z and high-z LRD properties indicates

the same physical processes at work. The correlation between broad-line Balmer luminosity and L5100

deviates from that of local type-1 AGNs, limiting the direct application of local BH mass calibrations.

Ionized [O III] outflows are ubiquitous (78%). One LRD at z = 0.196, J1717+3807, shows robust

long-term variability in i and WISE bands. The optical-to-NIR continua of LRDs reveal a wide range

of temperatures ∼2000–4700 K (peak 0.6–1.5µm), with a subset showing cooler and larger envelopes

than those at high z. Low-z LRDs serve not only as proximate laboratories for probing the nature of

LRDs, but also trace the cosmic evolution of this population from the cosmic dawn to the present day.

Keywords: high-redshift — active galactic nuclei — black holes

1. INTRODUCTION

“Little Red Dots” (LRDs), first identified at z > 4

during early JWST operations (e.g., I. Labbe et al. 2025;

J. Matthee et al. 2024; J. E. Greene et al. 2024), have

emerged as one of the most intriguing and puzzling dis-

coveries in recent years. These sources exhibit com-

Email: xiaojinglin.astro@gmail.com

pact morphologies and broad Balmer emission lines with

FWHMs exceeding 1000 km s−1, which likely originate

from broad-line regions (BLRs) in the vicinity of black

holes (BHs) in the galactic nuclei (e.g., J. Matthee et al.

2024; X. Lin et al. 2024, 2025; J. Zhang et al. 2025;

D. D. Kocevski et al. 2025; R. E. Hviding et al. 2025).

They also show unusual V-shaped spectral energy dis-

tributions (SEDs), characterized by blue UV continua

and red optical continua (e.g., J. E. Greene et al. 2024;
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L. J. Furtak et al. 2024), declining near-infrared con-

tinua (e.g., P. G. Pérez-González et al. 2024; H. B. Akins

et al. 2024; D. J. Setton et al. 2025), frequent Balmer ab-

sorption superimposed on the broad emission lines (e.g.,

X. Lin et al. 2024; D. D. Kocevski et al. 2024), and, in

some cases, extremely strong Balmer breaks that can-

not be explained by normal stellar populations (e.g.,

D. J. Setton et al. 2024; B. Wang et al. 2024; A. de

Graaff et al. 2025a; R. P. Naidu et al. 2025). Together,

these enigmatic properties have sparked intense debate

on the physical nature of this population. LRDs con-

stitute a significant fraction of the galaxy population at

high-redshift (X. Lin et al. 2024, 2025; J. Zhang et al.

2025). Their number densities are 10–100 times higher

than the faint-end extrapolations of the high-z quasar

luminosity function at z ≳ 5 (e.g., V. Kokorev et al.

2024; D. D. Kocevski et al. 2025; H. B. Akins et al.

2024). If LRDs are truly powered by BHs, they must

represent a common and distinct phase of BH growth in

the early Universe.

The distinctive features observed in the UV–optical

spectra of LRDs have motivated extensive multiwave-

length follow-up observations. These studies further re-

veal that LRDs differ markedly from previously known

AGNs. LRDs are generally faint in the mid and far in-

frared (H. B. Akins et al. 2024; P. G. Pérez-González

et al. 2024; C. C. Williams et al. 2024), submillimeter

(C. M. Casey et al. 2024, 2025; D. J. Setton et al. 2025),

X-ray (M. Yue et al. 2024; T. T. Ananna et al. 2024; A.

Sacchi & Á. Bogdán 2025), and radio (G. Mazzolari et al.

2024; K. Perger et al. 2025), and most show little vari-

ability on rest-frame timescales of months (M. Kokubo

& Y. Harikane 2024; Z. Zhang et al. 2025a; Z. Liu et al.

2026). Only a small fraction exhibits detectable variabil-

ity, either on year-long or even century-long timescales

(W. L. Tee et al. 2025; L. J. Furtak et al. 2025; X. Ji et al.

2025a; Z. Zhang et al. 2025b). Significant efforts have

also been devoted to constraining their total bolomet-

ric luminosities (J. E. Greene et al. 2025), host-galaxy

properties (e.g., C.-H. Chen et al. 2025; Y. Zhang et al.

2025; W. Q. Sun et al. 2026), and halo masses (e.g., J.

Arita et al. 2025; M. Carranza-Escudero et al. 2025; E.

Pizzati et al. 2025; J. Matthee et al. 2025; X. Lin et al.

2026a). Current evidence suggests that these quanti-

ties are modest compared to those of quasars at similar

redshifts. One of the most debated topics concerns BH

mass measurements. It remains uncertain whether scat-

tering in dense gas contributes to the broadening of the

Balmer lines (V. Rusakov et al. 2025; M. Brazzini et al.

2025; S.-J. Chang et al. 2026), and whether empirical

single-epoch relations can reliably estimate BH masses

(typically yielding 106−109 M⊙). All of these issues are

crucial for uncovering the nature of the central engine

in LRDs.

To explain the puzzling observed properties of LRDs,

a variety of theoretical models have been proposed.

Early interpretations invoked ultra-massive host galax-

ies (I. Labbe et al. 2024), dusty AGNs (D. D. Kocevski

et al. 2024; J. E. Greene et al. 2024; Z. Li et al. 2025),

or young nuclear stellar clusters (J. F. W. Baggen et al.

2024; M. Carranza-Escudero et al. 2025). More recent

models explore accretion disks that emit blackbody-like

continua (K. Inayoshi et al. 2025b; L. Zwick et al. 2025;

C. Zhang et al. 2026; Y.-X. Chen et al. 2026) or BHs

embedded in dense gas. The latter scenario has evolved

rapidly, from a simple dense shell of hydrogen gas in

front of an AGN (K. Inayoshi & R. Maiolino 2024; X.

Ji et al. 2025a), to a cocoon-like or atmosphere-like en-

velope that enshrouds BHs (V. Rusakov et al. 2025; D.

Kido et al. 2025; H. Liu et al. 2025; K. Inayoshi et al.

2025a; Y. Asada et al. 2026), often referred to as a “BH-

star” (R. P. Naidu et al. 2025; A. de Graaff et al. 2025b),

and further to clumpy envelope structures (M. Tang

et al. 2026; X. Ji et al. 2026). Many theoretical studies

interpret LRDs as undergoing super-Eddington accre-

tion, representing a crucial phase in the growth of su-

permassive BHs (e.g., F. Pacucci & R. Narayan 2024; H.

Liu et al. 2025; D. D. Vaida & R. J. Farber 2025; M. C.

Begelman & J. Dexter 2026; P. Madau & R. Maiolino

2026).

With extensive JWST observations of z > 4 LRDs

now accumulated, in-depth demographic analyses are

underway to characterize their population-level prop-

erties (e.g., G. Barro et al. 2025; A. de Graaff et al.

2025b; P. G. Pérez-González et al. 2026). At the same

time, searches for LRDs at cosmic noon and lower red-

shifts have yielded significant new discoveries. System-

atic searches using wide-field imaging surveys from both

space and the ground have provided strong constraints

on the LRD luminosity function and number density

from z = 5 down to z ∼ 1 (Y. Ma et al. 2025a,b; L.

Bisigello et al. 2025). The discovery of local LRDs at

z ≲ 0.3 suggests that the conditions giving rise to LRDs,

while rare in the local Universe, are not exclusive to the

early Universe (R. Lin et al. 2025; X. Lin et al. 2026b; X.

Ji et al. 2025b). Thanks to their proximity and bright-

ness, these local systems enable observations that are

challenging to obtain at high redshift, including high-

resolution spectroscopy spanning the full UV-to-mid-

IR wavelength range, as well as resolved emission-line

profiles and absorption features that directly probe the

structure and physical conditions of the circum-BH envi-

ronment. Transition-phase candidates that may bridge

LRDs and conventional UV-luminous AGN have been
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identified at z ∼ 3, though their interpretation remains

debated (S. Fu et al. 2025; R. E. Hviding et al. 2026).

Most recently, two cosmic noon LRDs have been re-

ported to exhibit water absorption features, indicating

cool BH envelopes (≲3000–4000 K) and motivating the

development of new theoretical models (B. Wang et al.

2026a).

All these low-z advances begin to reveal substantial

diversity within the LRD population, spanning a wide

range of SED shapes, BH envelope temperatures, and

host-galaxy environments. These findings extend be-

yond what current theoretical frameworks have antici-

pated. They also open a unique window into the cosmic

evolution of LRDs. Only by tracing their properties

from z > 6 to z ∼ 0 can we determine whether LRDs

represent a transient yet universal phase of BH growth,

how the physical conditions in their circum-BH environ-

ments evolve with cosmic time, and whether they even-

tually transition into conventional AGNs. However, the

current low-z sample remains small. Most low-z LRDs

in the JWST archive and those selected and confirmed

from wide-field surveys lie at z = 2–3 (I. Juodžbalis

et al. 2024; Y. Ma et al. 2025a; F. Loiacono et al. 2025;

B. Wang et al. 2026a). Only a few LRDs are reported

at z < 0.5 (R. Lin et al. 2025; X. Lin et al. 2026b; X.

Ji et al. 2025b; K. Park et al. 2026). Some other low-z

AGNs exhibiting partially LRD-like features have been

proposed as LRD analogs (e.g., W. Ding et al. 2026;

L. Bao et al. 2026), but several of their properties still

differ markedly from those of JWST LRDs (e.g., mor-

phology and emission-line properties). Expanding the

low-z sample, particularly at z < 2 with characteristics

fully consistent with those of JWST-discovered LRDs, is

therefore crucial for bridging the gap between the local

and high-redshift Universe.

This series of papers aims to conduct LowReDshift

LRD surveys (LRDs)2 with systematic follow-up obser-

vations. In Paper I, X. Lin et al. (2026b) conducted

pilot studies on a small sample of SDSS-selected local

LRDs. Built upon Paper I, we aim to construct a well-

characterized sample of low-z LRDs that captures the

diversity and demographics of this population, comple-

menting the rich high-z JWST LRD archive. Our goal

is to characterize the cosmic evolution of LRDs, reveal-

ing their nature and the growth pathways of their BHs.

As demonstrated by the SDSS selection in Paper I, it

is highly efficient to select samples from existing large

spectroscopic databases with additional SED constraints

from wide-field imaging surveys from near-UV to near-

IR, e.g., GALEX (L. Bianchi et al. 2017), Legacy Survey

(A. Dey et al. 2019), WISE (E. L. Wright et al. 2010),

etc. In addition to SDSS, the Dark Energy Spectro-

scopic Instrument (DESI) provides another ideal oppor-

tunity ( DESI Collaboration et al. 2024; DESI Collabo-

ration 2025). DESI is a five-year spectroscopic redshift

survey conducted on the Mayall 4-meter telescope at

Kitt Peak National Observatory. As the largest cosmo-

logical spectroscopic survey currently underway, DESI

aims to target millions of galaxies, quasars, and stars

to study dark energy and the expansion history of the

Universe. DESI’s extensive spectroscopic database, cov-

ering optical wavelengths from 3600 to 9825 Å with high

spectral resolution (R = 2000–5500), is well suited for

the selection of LRDs at z < 1. Although DESI covers

the optical continuum and emission lines, it does not

capture the full optical–near-IR continuum shape, which

is crucial for diagnosing blackbody-like emission in BH

envelope models. We therefore conducted systematic

near-IR follow-up spectroscopy to characterize the near-

IR continuum and access key emission lines not covered

by DESI. This is particularly important for LRDs at

z > 0.5, where Hα is redshifted beyond the DESI wave-

length range and falls within the near-IR spectral cov-

erage.

In this paper, we present our selection from the

DESI DR19 spectral database and introduce the first

sample of 27 LRDs at z = 0.2–0.9. We conducted

follow-up near-IR observations for 18 of them using

LBT/LUCI, Magellan/FIRE, and Keck/NIRES, com-

plementing their DESI optical spectra. The observing

campaign is ongoing for the remaining targets. The pa-

per is organized as follows. In Section 2, we present the

datasets used in this work. In Section 3, we describe the

selection criteria applied to DESI DR1, which yields 27

LRDs. In Section 4, we describe the near-IR follow-up

observations. We outline the measurement methodology

for the selected LRDs in Section 5, and in Section 6, we

present their properties. In Section 7, we briefly discuss

the implications of our results. More detailed analyses

and physical modeling will be presented in future work.

Throughout this paper, we adopt the AB magnitude sys-

tem for all photometry. All wavelengths and line identi-

fications are given in the vacuum frame. All equivalent

widths (EWs) are reported in the rest frame. L5100 is

defined as the monochromatic luminosity λLλ evaluated

at rest-frame 5100 Å. We adopt the cosmological param-

eters from Planck Collaboration et al. (2020).

9 https://data.desi.lbl.gov/doc/releases/dr1/

https://data.desi.lbl.gov/doc/releases/dr1/
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2. DATA

2.1. DESI DR1

We refer to DESI Collaboration (2025) for details

on DR1. In brief, DESI DR1 includes more than 18

million spectra of galaxies, quasars, and stars from its

Main Survey observations between May 2021 and June

2022, along with 1.6 million from the Survey Validation

program. In total, DR1 yields about 16 million extra-

galactic objects over 9700 deg2. DESI’s spectra cover

3600–9825 Å at a resolution of R = 2000–5500. Notably,

at wavelengths λ ≳ 6000 Å, DESI achieves R > 4000.

The high spectral resolution enables it to clearly resolve

not only the emission line profiles but also the Balmer

absorption features in LRDs.

In addition to the reduced spectra, DR1 also re-

leases emline catalogs as an accompanying product

of the pipeline. The emline catalog contains Gaus-

sian fits to the major emission lines. DR1 also in-

cludes a set of value-added catalogs. Among these,

the FastSpecFit Spectral Synthesis and Emission-Line

Catalog10 (J. Moustakas et al. 2023, hereafter Fast-

SpecFit) and Stellar Mass and Emission Line Cat-

alog11 (H. Zou et al. 2024, hereafter stellar-mass-

emline) provide modeled continua and emission line

measurements. In the FastSpecFit catalog, the fit-

ting is performed by FastSpecFit, a stellar continuum

and emission-line modeling code that uses stellar pop-

ulation synthesis and emission-line templates to jointly

model DESI optical spectrophotometry and ultraviolet-

to-infrared broadband photometry. In the stellar-

mass-emline catalog, emission lines are measured by

single Gaussian fits, with absorption correction through

continuum fitting performed by starlight12. In the

following selection, we use the emission line fits in the

three catalogs, emline, FastSpecFit, and stellar-

mass-emline, to pre-select candidates. However, we

note that these codes are designed for simplicity and

speed rather than for precise spectral modeling. In par-

ticular, for populations such as LRDs, whose physical

nature is still poorly understood, the modeled spectra

are inaccurate, and discrepancies between the modeled

and observed spectra are always present. For our sur-

vey, the DESI pipeline fits are used only for the initial

selection. All spectral properties are re-measured and

re-fitted using more tailored approaches, as described in

Section 5.

10 https://data.desi.lbl.gov/doc/releases/dr1/vac/fastspecfit/
11 https://data.desi.lbl.gov/doc/releases/dr1/vac/stellar-mass-

emline/
12 http://www.starlight.ufsc.br/

2.2. Photometry

We compile photometric data from the following wide-

field sky surveys: FUV and NUV from GALEX DR6

(L. Bianchi et al. 2017); ugriz PSF photometry from

SDSS DR17 (K. N. Abazajian et al. 2009; Abdurro’uf

et al. 2022); grizy PSF photometry from Pan-STARRS

DR2 (H. A. Flewelling et al. 2020); G, GBP, and GRP

mean photometry from GAIA DR3 ( Gaia Collabora-

tion et al. 2023); griz model photometry from Legacy

Surveys DR10 (A. Dey et al. 2019) where PSF models

are used for the three objects; Y JHK PSF photometry

from UKIDSS DR11PLUS (A. Lawrence et al. 2007);

and W1, W2, W3, W4 photometry from WISE (E. L.

Wright et al. 2010). PSF photometry is adopted when

available, as all DESI DR1 LRDs are compact and un-

resolved in ground-based imaging. GALEX photometry

is taken from the GUV catalog (L. Bianchi 2020), while

WISE photometry is incorporated into the Legacy Sur-

vey catalog based on unWISE images (E. F. Schlafly

et al. 2019). All other data are retrieved from Astro

Data Lab13 (M. J. Fitzpatrick et al. 2014; R. Nikutta

et al. 2020).

For the selected targets, we retrieve multi-epoch opti-

cal gri photometry from the Zwicky Transient Facility

Data Release 24 (ZTF DR24; E. C. Bellm et al. 2019;

F. J. Masci et al. 2019), which spans from 2018-03-21

to 2025-10-21 (∼7.6 yr baseline). We also obtain multi-

epoch WISE W1, W2 photometry from the AllWISE

Multiepoch Photometry Database (R. M. Cutri et al.

2021) and the NEOWISE-R Single Exposure Source Ta-

ble (A. Mainzer et al. 2014), covering 2010 January –

2024 July (with a 2011 March – 2013 December hiber-

nation gap between the cryogenic AllWISE mission and

the NEOWISE-Reactivation phase). For faint sources

with low S/N in individual exposures, we retrieve forced-
photometry WISE light curves from the Legacy Survey,

which are up to year 6 of NEOWISE Reactivation.

2.3. SPHEREx

SPHEREx is a 20 cm all-aluminum space telescope

equipped with six linear variable filters that enable spec-

trophotometric imaging in 102 spectral channels span-

ning 0.75–5.0µm across the full sky (J. J. Bock et al.

2026). SPHEREx features a wide, dichroic field of

view of 3.5◦ × 11◦, a spatial resolution of 6.2′′ per

pixel, and spectral resolution of R = 35–41 at 0.75–

3.82µm and R = 110–130 at 3.82–5.0µm. We re-

trieve the SPHEREx spectrophotometry for our sample

from the NASA/IPAC Infrared Science Archive (IRSA),

13 https://datalab.noirlab.edu/

https://data.desi.lbl.gov/doc/releases/dr1/vac/fastspecfit/
https://data.desi.lbl.gov/doc/releases/dr1/vac/stellar-mass-emline/
https://data.desi.lbl.gov/doc/releases/dr1/vac/stellar-mass-emline/
http://www.starlight.ufsc.br/
https://datalab.noirlab.edu/
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where the spectra are extracted via PSF-weighted forced

photometry. We cross-validate the SPHEREx spectra

against existing near-infrared and WISE photometry.

We retain only the SPHEREx spectrophotometry that

is well consistent with the existing IR photometry. For

SPHEREx spectrophotometry with low S/N, we bin

the spectra using a flux-conserving method to achieve

S/N > 5 per binned channel.

3. SAMPLE SELECTION

3.1. Selection Guidelines for Low-z LRDs

We aim to select sources whose observed character-

istics strictly match those of the majority of high-z

LRDs. Our selection prioritizes high completeness and

efficiency for objects with observed properties fully con-

sistent with representative JWST LRDs. It may exclude

the most extreme or atypical LRDs, as well as transi-

tional systems that share only part of the typical LRD

characteristics. The resulting low-redshift sample serves

as a laboratory for investigating the physical conditions

that give rise to the LRD phenomenon. The empirical

criteria defining LRDs are summarized below.

First, we require the selected objects to satisfy the

defining characteristics of LRDs (e.g., J. E. Greene et al.

2024; R. E. Hviding et al. 2025):

• Broad Balmer emission lines;

• Compact morphology in the rest-frame optical;

• A V-shaped spectral energy distribution (SED),

characterized by a blue UV continuum slope

(βUV < 0) and a red optical continuum slope

(βoptical > 0).

We further include additional observational character-
istics of LRDs, empirically concluded from the majority

of high-z LRDs reported in the literature.

• The inflection point of the V-shaped continuum

occurs near or redward of the Balmer break, and

at any wavelength blueward of Hα.

This is empirically motivated by most high-z

LRDs, as assembled in D. J. Setton et al. (2024);

A. de Graaff et al. (2025b). A small fraction of

LRDs show inflection points significantly redder

than the Balmer limit, extending to ∼5000 Å (e.g.,

UNCOVER-A2744-20698, B. Wang et al. 2026b).

• A declining rest-frame near-infrared continuum in

fλ space.

This is motivated by the near-IR spectral shape

of the majority of JWST LRDs, as revealed by

either NIRSpec/Prism spectroscopy or NIRCam

and MIRI photometry. Such a continuum shape

has also motivated theoretical models invoking

blackbody-like thermal emission to describe the

overall SED.

• Weak [N II] λ6585 emission.

This is motivated by the weak or undetected [N II]

emission in high-z LRDs. The weakness of [N II]

in LRDs likely results from low metallicity in the

host galaxies or narrow-line regions. Motivated

by the limited number of JWST LRDs with re-

ported [N II] detections (R. Maiolino et al. 2024; I.

Juodžbalis et al. 2024), we require selected sources

to either have undetected [N II] emission or, if de-

tected, to lie within the galaxy/composite region

of the [N II]-BPT diagram.

• Negligible [Ne V] λ3427 emission.

This is motivated by the lack of strong high-

ionization lines in the rest-frame optical spectra

of most high-z LRDs, and their ionizing spectra

that are softer than those of typical type-1 AGNs

and luminous quasars (X. Ji et al. 2025b; B. Wang

et al. 2025). [Ne V], with an ionization poten-

tial of 97.1 eV, traces a very hard radiation field,

typically associated with photons from the AGN

accretion disk or corona. At the time of writing,

[Ne V] has not been reported in LRDs. We thus

exclude sources exhibiting [Ne V] emission.

The observational features described above guide the

selection criteria adopted in this work. We note that re-

laxing any of the observational requirements above may

introduce candidates that resemble, but are not fully

consistent with, the bulk of high-z LRDs. For example,

the X-ray Dot (R. E. Hviding et al. 2026) exhibits a V-

shaped continuum with an inflection point around 2000

Å and has been proposed as an LRD in a transitional

phase. Some V-shaped continuum sources with strong

[N II] emission have been reported as LRD analogs (P.

Rinaldi et al. 2025; W. Ding et al. 2026). Such sys-

tems have been proposed as transitional objects between

LRDs and typical type-1 AGNs or luminous quasars, or

as a later evolutionary stage of the LRD population.

These subsets are beyond the scope of this work.

Furthermore, some high-ionization UV lines have been

reported in deep JWST/NIRSpec spectra of LRDs (M.

Tang et al. 2025, 2026; X. Ji et al. 2026). At the time

of writing, the lines detected in LRDs with the high-

est ionization potential are N V λ1240 (77.5 eV) and

[Ne IV]λλ2422, 2424 (63.5 eV), while [Ne V] λ3427 re-

mains undetected (H. B. Akins et al. 2024; M. Tang
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et al. 2025, 2026). Although models invoking specific ge-

ometries of the circum–BH environment in LRDs may

potentially explain high-EW [Ne V] emission (e.g., M.

Tang et al. 2025, 2026; X. Ji et al. 2026), we do not in-

clude such sources in the final sample analyzed in this

work. This subset is retained in the parent sample and

excluded only at the final stage of selection. A detailed

investigation of this subset is deferred to future studies.

3.2. Selection criteria

Guided by the criteria defined in Section 3.1, we begin

our selection using DESI DR1. We first require objects

to have z > 0.001 to exclude stars from the DR1 cata-

log. We then select objects with red optical continua and

subsequently apply a selection based on strong emission

lines. Both steps use the emline, FastSpecFit, and

stellar-mass-emline catalogs. Next, we require the

objects to exhibit PSF-like morphology. Finally, for the

selected candidates, we perform manually refined, sim-

plified fits to their spectra, requiring them to exhibit a

blue UV continuum, broad Balmer emission, and weak

[N II]. We summarize the selection procedure in Figure

1. Each step is described in detail below.

3.2.1. Red optical continuum criteria

In this step, we select candidates exhibiting a rising

optical continuum that starts at any wavelength blue-

ward of Hα. The red optical continuum selection criteria

are summarized as follows:

• If Hα is present in the DESI spectrum:

(1) cont[O II] 3727 < contHδ < contHγ <

cont[O III] 5008 < contHα; or

(2) cont[O II] 3727 > contHδ < contHγ <

cont[O III] 5008 < contHα; or

(3) cont[O II] 3727 > contHδ > contHγ <

cont[O III] 5008 < contHα; or

(4) cont[O II] 3727 > contHδ > contHγ >

cont[O III] 5008 < contHα.

• If only Hβ is present in the DESI spectrum:

(1) cont[O II] 3727 < contHδ < contHγ <

cont[O III] 5008; or

(2) cont[O II] 3727 > contHδ < contHγ <

cont[O III] 5008; or

(3) cont[O II] 3727 > contHδ > contHγ <

cont[O III] 5008.

Here, cont[line] denotes the continuum underlying the

corresponding emission line. The continuum measure-

ments are taken from the emline, FastSpecFit, and

stellar-mass-emline catalogs. An object is consid-

ered to satisfy the above criteria if the estimates from

either catalog meet the requirements.

In sequential comparisons, a single violation can be

skipped. The comparison is instead performed between

the adjacent continua, except in cases where there is only

one single ‘<’ in the compound inequalities. For exam-

ple, in case (1) for Hα, if the condition contHδ < contHγ

is not satisfied, we omit contHγ from the sequence.

If the remaining ordering, cont[O II] 3727 < contHδ <

cont[O III] 5008 < contHα, is satisfied, the object is still

considered to meet the criterion. This tolerance is in-

troduced to account for uncertainties in the continuum

fitting, as the spectral modeling in the adopted pipelines

and catalogs can be inaccurate. This tolerance also al-

lows the blackbody peak to lie between [O III] 5008 and

Hα.

3.2.2. Emission line criteria

We further require the objects to exhibit strong

Balmer and [O III] emission lines. Specifically, objects

must satisfy the emission-line criteria listed below in ei-

ther the emline or FastSpecFit fits.

• Hα EW > 15 Å or Hβ EW > 5 Å

• Hα S/N > 5 or Hβ S/N > 5;

• Hα flux > 10−16 erg s−1 cm−2 or Hβ flux > 5 ×
10−17 erg s−1 cm−2.

• [O III] 5008 EW > 20 Å;

• [O III] 5008 / [O II] 3727 (O32) > 5;

The criteria on Hα or Hβ ensure that the objects ex-

hibit strong Balmer emission lines, thereby excluding

quiescent galaxies that naturally show strong Balmer

breaks or red optical continua. The criteria on [O III]

EW and O32 further exclude post-starburst galaxies and

AGNs hosted by old stellar populations. The thresh-

old values adopted for the criteria above are determined

through iterative optimization, aiming to be inclusive

given the limited modeling power of the available cata-

logs.

Requiring strong [O III] emission introduces an inher-

ent selection bias. JWST-discovered LRDs with extreme

Balmer breaks, exceeding those of normal stellar popu-

lations, are found to exhibit very weak [O III] emission

(e.g., the Cliff (A. de Graaff et al. 2025a); A2744-QSO1

(L. J. Furtak et al. 2024); MoM-BH∗-1 (R. P. Naidu

et al. 2025)) and are therefore excluded by this crite-

rion. The emission-line selection strategy is optimized

for the large data volume of DESI DR1, balancing com-

putational efficiency with the level of human inspection
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Figure 1. Flowchart of the LRD selection process in DESI DR1. Blue boxes show input datasets, and orange and green boxes
indicate each selection criterion (Section 3). Objects must satisfy each criterion (“Y”) to proceed to the next step.

required. LRDs with extremely strong Balmer breaks

are more efficiently identified through dedicated Balmer-

break–based selections, which are beyond the scope of

this paper and will be addressed in future work.

3.2.3. Morphological criteria

For objects that satisfy the red optical continuum

and strong emission line criteria described above, we re-

trieve their morphological information from Legacy Sur-

vey DR10.

We select PSF-like sources following the quasar se-

lection procedure in E. Chaussidon et al. (2023). We

first select objects classified as PSFs in the Legacy Sur-

vey catalog. To account for uncertainties in ground-

based observations and morphological fitting, we also

accept objects that are photometrically classified as

extended but exhibit a small relative difference be-

tween the PSF and extended morphological models

(∆
(
χ2

)
/χ2 < 0.015).

3.2.4. Near-IR criteria

For objects that satisfy the criteria above, we obtained

their WISE W1 and W2 photometry from the Legacy

Survey catalog, which includes unWISE measurements.

We require that the W1 and W2 flux densities in fλ
space lie below the reddest continuum level of their DESI

spectra. This step effectively filters out WISE-bright

sources. For sources undetected in WISE, we retain

them in the sample and pass them on to subsequent

selection steps. If they satisfy all subsequent criteria,

they will be examined in a final visual inspection step to

assess whether their rest-frame optical-to-near-IR SEDs

exhibit blackbody-like shapes.

Up to this stage, all selections are based on publicly

available catalogs. From DESI DR1, we identify approx-

imately 16,000 targets at z < 1 with Hα or Hβ covered

by DESI, and exhibiting red optical continua, strong

emission lines, and compact morphology.

3.2.5. Criteria on UV continuum, broad lines and [N II]

For the candidates selected above, we perform a re-

fined selection by applying simplified fits to their DESI

spectra.

First, we re-compute the S/N of Hα or Hβ by directly

integrating the line flux in the reduced spectra, requiring

an S/N > 15 for the integrated flux within 4000 km s−1.

This measurement, independent of the overall spectral

modeling, provides an additional constraint beyond the

relaxed emission-line requirements in Section 3.2.2.

We then apply median filtering to derive the rest-

frame continuum blueward of 3500 Å. We require ob-

jects to have a UV continuum slope < 0 at rest-frame

<3500 Å.

Thirdly, we compare the line profile of Hβ or Hα to

that of [O III] 5008. We require the Balmer lines to

exhibit significant, independent broad components rela-

tive to [O III] λ5008, with a single-component FWHM

> 1000 km s−1. This criterion excludes compact, V-

shaped emission-line galaxies that exhibit strong broad

outflow components in both [O III] and Balmer lines,

but whose Balmer lines do not display distinct broad

components indicative of BLRs.

Finally, we apply a cut on [N II] λ6585 and Hα when

Hα is within the spectral coverage. If [N II] is detected,

we require that the source lie within the star-forming

or composite region of the [N II]–BPT diagram (J. A.

Baldwin et al. 1981). We further require non-detection

or absence of [Ne V] λ3427 emission.

After applying the selection criteria described above

step by step, we visually inspect the remaining objects
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Figure 2. Example DESI DR1 LRDs presented in this work. The top panel shows the overall SEDs, with the smoothed
DESI spectra plotted as blue lines and the photometry as blue squares. The gray lines indicate the spectral uncertainties. The
orange dashed lines mark the Balmer-limit wavelengths, and the blue dashed lines indicate the inflection-point wavelengths.
The bottom panel shows the Hβ [O III]λλ 4960, 5008 and Hα line profiles, with the red curves denoting the best-fit total models
and the dashed lines representing the best-fit individual components.
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(N ∼ 5000), excluding those with poor fits or noisy spec-

tra, and ensure that their rest-frame near-IR continuum

is consistent with a declining shape. For sources that

cannot be reliably classified by visual inspection (e.g.,

βoptical ∼ 0), we perform refined continuum fitting (see

Section 5.1) and select objects with robust βUV < 0 and

βoptical > 0.

3.3. Final Sample

In the end, we obtain 27 objects that satisfy all defi-

nitions and selection criteria of LRDs at high confidence

levels. Figure 2 shows two examples from our sample.

Figure 3 presents an example of zoomed-in spectra that

reveal abundant emission lines. The SEDs and emission

lines of the full sample are presented in Appendix A.

Independently, K. Park et al. (2026) reported the se-

lection of eight LRDs at z < 0.45 from DESI. Seven

of those objects are included in our sample, except

for J071635.74+543322.10. This object is selected as

a candidate but excluded in the final tailored contin-

uum fitting step, since we measure its optical slope to

be βopt = −0.07+0.05
−0.02. Hereafter, all objects are abbre-

viated in the form Jhhmm+ddmm for simplicity in the

subsequent analysis.

3.3.1. DESI target bits

For the 27 LRDs selected above, 16 sources are as-

signed to the primary DESI targeting programs (with 10

also included in secondary programs), and 11 are exclu-

sively selected by secondary targeting programs. Their

DESI target bits, which encode selections from different

targeting criteria, are diverse, including primary pro-

gram selections such as QSO, LRG, and ELG, as well as sec-

ondary program selections including WISE_VAR_QSO and

PSF_OUT_DARK (A. D. Myers et al. 2023). For the pri-

mary program target bits, thirteen of the targets carry
the QSO bit, having passed one of the multiple quasar

selection criteria (E. Chaussidon et al. 2023). Five ob-

jects carry the LRG bit, consistent with the luminous red

galaxy selection (R. Zhou et al. 2023), and two carry the

ELG bit following the emission-line galaxy selection (A.

Raichoor et al. 2023).

For the secondary program target bits, 21 objects

carry the WISE_VAR_QSO bit, which flags quasar candi-

dates selected from variability in their 10-year W1 and

W2 light curves. However, this selection adopts a loose

random forest probability cut (p > 0.1, E. Chaussidon

et al. 2023). This selection was tested during DESI

Survey Validation as a complementary method to see

if it can recover quasars missed by the primary optical

and near-infrared color-based selection, rather than as a

high-purity quasar sample. We present a more detailed

variability analysis in Section 6.7. Eight objects carry

the PSF_OUT_BRIGHT or PSF_OUT_DARK bits, which are

assigned by a program targeting outlier point sources

with unusual colors to recover missed quasars and iden-

tify rare or peculiar objects (A. D. Myers et al. 2023).

4. SPECTROSCOPIC FOLLOW-UP

OBSERVATIONS

We followed up 18 of the DESI DR1 LRDs in the

near-IR wavelength using three spectrographs: Magel-

lan/FIRE, LBT/LUCI, and Keck/NIRES.

The Magellan/FIRE (R. A. Simcoe et al. 2013), a

near-IR echelle spectrograph on the 6.5-m Magellan

Baade Telescope, covers 0.8–2.5µm. 13 objects from the

sample were observed on October 2 and 17, November

21–22, 2025, and March 14, April 3-4, 2026, with 1–1.5

hours of integration per object. The seeing ranged from

0.6–0.9′′ during the observing run, except on April 3–4,

2026, when it varied between 0.9 and 2′′. Slit widths

of 0.′′75 or 1′′ were used, adjusted to match the seeing

conditions during each observation. The spectral reso-

lutions of FIRE spectra reach R ∼ 3000 − 6000.

LBT/LUCI (W. Seifert et al. 2003) is a pair of in-

dependent multi-mode near-IR instruments for imaging

and spectroscopy, mounted on the 2×8.4-m Large Binoc-

ular Telescope. Long-slit observations of three objects

from our sample were conducted on December 23, 2025,

and February 16, March 25, 2026. We adopted grating

G200, with zJspec on LUCI1 to cover 0.9-1.2µm and

HKspec on LUCI2 to cover 1.50-2.40µm. The seeing

was approximately 0.′′8 on December 23, 2025, and 1-

2 ′′ on other nights. The slit width was 1′′, reaching

R ∼ 500 − 1200.

Keck/NIRES (J. C. Wilson et al. 2004) is a near-

infrared echellette spectrograph mounted on the 10-m

Keck II telescope. We conducted long-slit observations

of two objects from our sample on April 27, 2026 with

seeing of 0.′′6±0.′′2. With a fixed slit width of 0.′′55,

NIRES produces simultaneous J, H and K-band spectra

in five orders from 0.94 to 2.45µm with a characteristic

spectral resolution R ∼ 2700.

The Magellan/FIRE, LBT/LUCI, and Keck/NIRES

spectra were reduced by pypeit (J. Prochaska et al.

2020). We performed flat-fielding, wavelength calibra-

tion, sky subtraction, spectral extraction, flux calibra-

tion, and telluric correction. We performed absolute flux

calibration by scaling each spectrum with a constant fac-

tor or a linear polynomial to match the observed y, J ,

H, and K band flux.

The follow-up spectra reveal not only the SED shapes

of the LRDs (Figure 2), but also key emission lines in

the rest-frame optical and near-IR, particularly Hα for

sources at z ≳ 0.5 (Figure 2, 3).
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Figure 3. Zoomed-in view of the DESI, Keck/NIRES, and SPHEREx spectra of J171741.74+380752.47. The spectra are shown
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5. MEASUREMENTS

In this section, we describe our methodology and mea-

surements to characterize the continuum shapes and

emission-line profiles of the LRDs identified in DESI

DR1.

5.1. Continuum parameterization

We measure the UV absolute magnitude at 1500 Å

(MUV) by jointly modeling the DESI spectra and broad-

band photometry at rest-frame wavelengths < 3500 Å.

The Mg II lines are masked, and the continuum is fit-

ted with a power-law model normalized at rest-frame

1500 Å. We measure the Balmer break strength follow-

ing A. de Graaff et al. (2025b), defined as the ratio of

the continuum flux in the rest-frame 3620–3720 Å and

4000–4100 Å bands.

To depict the V-shaped continua of the selected LRDs,

we parameterize their UV-optical continua using a sim-

ple broken power-law model, following D. J. Setton et al.

(2024):

fλ =

fλv
(λ/λv)kblue , λ < λv

fλv
(λ/λv)kred , λ > λv

(1)

where fλv
is the flux at the inflection point λv, and

kblue and kred are the power-law slopes of the contin-

uum blueward and redward of λv, respectively. We note

that kblue is not equivalent to the UV continuum slope

(βUV) used in the MUV measurement. kblue is a locally

fitted parameter describing the continuum in the vicin-

ity (1000–1500 Å) of λv, whereas βUV characterizes the

overall shape of the rest-frame UV continuum.

The continuum fitting is performed iteratively in three

steps. We first mask strong emission lines in the DESI

spectrum, including Mg II, [O II], [Ne III], [O III], as well

as all hydrogen and helium lines. We then bin the DESI

spectrum into 300 bins and use emcee to fit the model

to the binned continuum. In the first iteration, we apply

a median filter to the binned continuum and identify the

minimum flux point. We then fit the broken power-law
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Name z MUV L5100 λv kblue kred Balmer break Absorber

(mag) (1043 erg s−1) (Å) strength

Gold sample

J012930.87+062843.32 0.2467 -16.4±0.4 0.8+0.1
−0.1 6179+114

−121 -1.0+0.4
−0.4 1.5+0.5

−0.5 0.9±0.1 Hα

J082606.37–010001.31 0.6273 -18.9±0.2 7.3+0.6
−0.7 3749+112

−167 -1.2+0.4
−0.4 1.6+0.3

−0.3 1.6±0.3 Hα+Hβ

J082921.37+131237.44 0.3986 -18.6±0.2 3.9+0.2
−0.2 5088+565

−68 -1.5+0.2
−0.2 1.0+0.1

−0.1 0.7±0.1 Hα

J094411.31–024908.65 0.6623 -20.1±0.1 16.6+0.6
−0.5 3657+16

−9 -2.1+0.3
−0.3 1.6+0.1

−0.1 1.7±0.2 Hα+Hβ

J101742.79+311459.07 0.6706 -17.9±0.2 4.6+0.3
−0.2 4053+80

−81 -1.3+0.2
−0.2 2.0+0.1

−0.1 1.3±0.2 –

J102553.75+502843.24 0.8824 -20.3±0.1 20.4+1.5
−1.5 3496+58

−63 -2.7+0.3
−0.3 2.7+0.2

−0.2 1.5±0.2 Hα+Hβ

J104242.43+372147.63 0.6080 -19.1±0.2 8.2+0.6
−0.6 3534+133

−131 -2.0+0.4
−0.4 2.1+0.3

−0.3 1.3±0.3 –

J132137.00–021417.04 0.2244 -16.8±0.6 0.4+0.1
−0.1 4395+120

−125 -2.6+0.5
−0.5 2.3+0.3

−0.4 0.6±0.1 Hα

J142337.59+520216.05 0.6236 -16.2±0.5 6.4+0.2
−0.3 3716+67

−53 -0.5+0.4
−0.6 2.4+0.1

−0.1 3.1±1.5 Hα+Hβ

J150252.34+025027.97 0.2906 -18.1±0.4 0.9+0.1
−0.1 3762+167

−130 -2.7+0.6
−0.5 0.9+0.1

−0.1 0.9±0.1 –

J161102.44+091728.60 0.6952 -20.0±0.1 8.7+0.1
−0.9 3620+59

−61 -2.7+0.3
−0.3 1.8+0.3

−0.2 1.4±0.2 Hα+Hβ

J162032.32+314817.02 0.4099 -14.8±1.0 0.2+0.2
−0.2 4136+311

−283 -2.4+1.4
−1.5 1.6+0.5

−0.5 1.2±1.1 –

J164102.65+070806.47 0.5351 -17.7±0.4 4.3+1.0
−1.0 3939+142

−111 -1.6+0.6
−0.6 3.1+0.3

−0.2 2.0±1.4 Hα

J164226.97+042632.79 0.7291 -20.5±0.1 16.4+0.7
−0.7 3542+53

−58 -2.3+0.2
−0.2 1.9+0.1

−0.1 1.3±0.1 –

J164637.91+142648.62 0.7071 -18.6±0.2 15.1+0.4
−0.7 3538+144

−150 -1.0+0.4
−0.4 2.3+0.2

−0.2 1.5±0.2 Hα+Hβ

J165450.36+033741.74 0.6408 -18.3±0.2 11.3+0.6
−0.5 3707+81

−70 -1.4+0.4
−0.4 4.1+0.2

−0.2 2.7±0.8 Hα+Hβ

J171741.74+380752.47 0.1959 -19.1±0.1 2.7+0.3
−0.1 4920+23

−24 -1.5+0.0
−0.0 1.6+0.0

−0.0 0.8±0.0 Hα+Hβ

J212725.88–044808.92 0.5842 -17.5±0.5 6.6+0.6
−0.5 3492+206

−165 -2.4+0.8
−0.8 2.7+0.8

−0.8 1.7±0.7 Hα+Hβ

J225535.58+154216.29 0.4273 -17.4±0.7 1.0+0.1
−0.2 3965+261

−193 -2.6+1.0
−1.0 2.6+0.4

−0.4 1.2±0.8 Hα

Silver sample

J000927.22+081109.96 0.3720 -17.5±0.3 1.3+0.1
−0.1 3752+155

−93 -2.4+0.4
−0.4 0.2+0.3

−0.2 1.1±0.2 –

J024337.99+034915.97 0.4584 -18.2±0.4 1.1+0.2
−0.2 3869+238

−212 -2.8+0.6
−0.7 0.4+0.4

−0.4 1.0±0.4 –

J105620.11+275415.87 0.4617 -18.6±0.3 2.0+0.2
−0.2 4456+362

−376 -1.8+0.3
−0.3 0.1+0.2

−0.1 1.1±0.3 –

J105900.29+314951.74 0.4990 -18.3±0.4 3.9+0.6
−0.6 3384+278

−278 -2.0+1.2
−1.2 0.4+0.4

−0.3 1.5±0.6 –

J111943.20+021911.32 0.4682 -18.5±0.2 1.6+0.2
−0.2 5387+84

−159 -0.9+0.4
−0.4 0.8+0.5

−0.4 0.9±0.2 Hα

J113734.35+552028.16 0.4358 -15.3±0.7 1.0+0.2
−0.2 4319+421

−277 -2.1+0.9
−0.9 0.1+0.3

−0.2 0.8±0.4 Hα

J134317.81+393418.07 0.2933 -17.5±0.4 0.8+0.1
−0.1 5437+48

−234 -1.0+0.4
−0.4 0.4+0.4

−0.3 0.8±0.2 Hα

J190954.15+583112.37 0.4273 -18.8±0.5 1.3+0.2
−0.2 3933+219

−238 -2.9+0.5
−0.6 0.3+0.2

−0.2 1.4±0.7 Hα

Table 1. UV–optical continuum properties of the DESI DR1 LRD sample presented in this work. The Absorber column
indicates the detected absorption superimposed on the broad emission lines: Hα, Hβ, or Hα+Hβ (when absorption is detected
in both). A dash (‘–’) indicates no absorption detected or no spectral coverage.

model (Equation 1) within ±2000 Å of this minimum to

obtain an initial estimate of λv. In the second iteration,

we refit the broken power-law model within ±2000 Å

centered on this initial λv. In the final iteration, we

restrict the fitting window to ±1000–1500 Å centered on

the second estimate of λv to obtain locally optimized

values of λv, kblue, and kred. For comparison, we also

apply the same parameterization to the three local LRDs

reported by Paper I.

5.2. Emission Line Measurements

To model the emission-line profiles, we perform a joint

fit to Hβ, [O III]λλ 4960, 5008, Hα, and [N II]λλ6549,

6585. We assume that the narrow components of all

these lines share the same FWHMs. The broad com-

ponents of Hβ and Hα are initially modeled with three

components each, also sharing the same FWHMs. The

[O III]λλ 4960, 5008 and [N II]λλ6549, 6585 doublet flux

ratios are fixed at 0.335 and 0.327, respectively. The

continuum underlying Hβ and [O III]λλ 4960, 5008 is

modeled as a linear function normalized at rest-frame

5100 Å, and the Hα continuum is assumed to be con-

stant.

Starting from the initial models, the emission line pro-

files are adjusted iteratively during the fit to account for

their diversity. The adjustments are summarized below.

• If [O III]λλ 4960, 5008 cannot be well modeled by

a single Gaussian profile, an additional Gaussian

component is added to both [O III]λλ 4960, 5008

and [N II]λλ6549, 6585, with shared FWHMs and

velocity offsets. This component accounts for out-
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flows in the ionized gas. The doublet flux ratios

are fixed.

• If a broad Gaussian component in Hα and/or Hβ

exhibits an FWHM close to that of the outflowing

component in [O III], we tie them to share the

same FWHM and velocity offset. The luminosities

of the outflow components in [O III], Hβ, and Hα

are treated as independent.

• If one broad Gaussian component has a luminosity

consistent with zero (i.e., the posterior probability

of its intensity peaks at zero), we reduce the num-

ber of broad components accordingly.

In the fitting described above, the Bayesian Informa-

tion Criterion (BIC) is used to compare different mod-

els and to determine whether an additional component

should be included or removed in the [O III] or Balmer

lines. If the BIC improves by more than 10%, we adopt

the more complex model; otherwise, we retain the sim-

pler model.

For Hβ or Hα lines showing absorption, we add an

absorption component. The total Balmer line profile,

including absorption, is parameterized as

Fλ =
(

1 − Cf + Cfe
−τ(∆vabs, logN, b)

)
· (ccont + ϕbroad)

+ ϕnarrow + ϕoutflow (2)

where Cf is the covering factor, ccont is the continuum,

ϕbroad is the broad emission line profile, ϕnarrow is the

narrow emission line profile, and ϕoutflow represents the

outflow component, if present. τ is the optical depth of

the absorber, modeled as a Voigt profile as a function

of the column density logN and Doppler parameter b,

and determined by the transition and oscillator strength

of Hβ or Hα. ∆vabs represents the velocity shift of the

absorber relative to the emission line center, with neg-

ative values indicating a blueshift. In Equation 2, the

absorber absorbs both the optical continuum ccont and

the broad emission lines. This is motivated by the fact

that the absorption trough can extend below the contin-

uum level, as seen in J165450.36+033741.74 (Figure 2).

We treat Hβ and Hα absorbers, when both are present,

as independent, i.e., with independent logN , b, Cf , and

∆vabs. This assumption is motivated by the fact that

they can exhibit opposite velocity shifts, as observed in

The Egg (J1025+1402) (Paper I, X. Ji et al. 2025b),

Abell2744-QSO1 (X. Ji et al. 2025a; F. D’Eugenio et al.

2025a), and Irony (F. D’Eugenio et al. 2025b). If the

posterior probability of Cf peaks at 1, we fix Cf to unity

and refit the model.

The intrinsic profiles described above are then con-

volved to the spectral resolution. For DESI spectra, we

convolve the intrinsic profile with the DESI line spread

function (LSF) using its resolution matrices (A. S.

Bolton & D. J. Schlegel 2010; J. Guy et al. 2023). For

near-IR spectra, we convolve the profile with a Gaussian

kernel corresponding to the spectral resolution R, as de-

rived from sky line FWHMs. During the modeling, R

is treated as a free parameter but is constrained within

the range of skyline FWHMs across the slit/order. It en-

sures that the fitted results incorporate the uncertainty

in R. The fitting is performed using emcee.

For other lines, including Mg IIλλ2796,2803,

[O II]λλ3727, 3730, [Ne III]λ3870, [O III]λ4364, etc.,

we model them with simple Gaussian profiles convolved

with LSFs using lmfit (M. Newville et al. 2025). A lin-

ear function is adopted for the underlying continuum.

Doublets or lines with closely spaced wavelengths are

fitted simultaneously. For [O III]λ4364, the [Fe II] λ4360

line is fitted simultaneously to remove its contamination.

In cases of non-detection, we derive 3σ upper limits by

integrating the RMS over a spectral window set by the

FWHM of [Ne III], typically around 100 km s−1.

5.3. Gold and Silver Samples

Based on the continuum parameterization described in

Section 5.1, we classify our sample into two tiers: Gold

and Silver.

• Gold: sources with kred > 0 but at ≥ 3σ signifi-

cance. In the DESI DR1 LRD sample in this work,

19 out of 27 sources are classified as Gold.

• Silver: sources with kred > 0 at < 3σ signifi-

cance. 8 out of 27 sources are classified as Silver.

The Gold/Silver classification reflects both the in-

trinsically bluer optical continuum slopes (while still

βopt > 0) and the S/N of the measurements. All Silver

objects meet our LRD selection criteria. Notably, three

of the eight Silver sources exhibit clear Balmer absorp-

tion (e.g., J1909+5831), a feature commonly observed

among established LRDs. This classification is primar-

ily used to prioritize follow-up observations. Higher S/N

data will place tighter constraints on their optical slopes.

We summarize the measured continuum properties

and Balmer absorption identification of our sample in

Table 1. The full fitting results, including best-fit pa-

rameters and associated uncertainties, are provided in

Appendix B. We note that the two tiers of samples oc-

cupy the same distribution in parameter space. In the

following analysis, we treat them as a whole.

6. RESULTS

In this section, we quantify the properties of the DESI

LRDs. Both the Gold and Silver samples are included
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in the analysis. The two tiers occupy the same regions

of parameter space across all diagnostic diagrams.

6.1. Evidences of LRD Nature

We begin by establishing that the DESI sources are

consistent with high-redshift LRDs. The principal ob-

servational signatures commonly associated with the

majority of JWST LRDs are present in our sample,

spanning morphology, continuum shape, Balmer-line

and narrow-line properties. The consistency is summa-

rized below and examined in detail in the subsections

indicated.

(1) Compact morphologies;

(2) Continuum properties:

– V-shaped rest-frame UV-optical continua

(βUV < 0, βoptical > 0) (Section 6.3);

– Inflection points near or redward of the Balmer

limit (Section 6.3);

– declining rest-frame near-IR continua (see Sec-

tion 7.1);

(3) Balmer-line properties:

– Broad Balmer emission (Section 6.4.1);

– Extremely high broad-line Balmer decrements

(Section 6.4.2);

– Frequent Balmer absorption (Section 6.4.3);

(4) Narrow emission-line properties:

– Low metallicity, similar to that of high-redshift

galaxies (Section 6.5.1);

– Occupying the same region as high-z LRDs in

the BPT diagram (Section 6.5.1);

– Softer ionizing spectra than typical quasars

and type 1 AGNs (Section 6.5.2);

(5) Variability:

– The majority show no significant optical vari-

ability on rest-frame month timescales. (Sec-

tion 6.7.1).

All of these properties are consistent with those of

high-z LRDs and occupy the same distributions (e.g.,

the continuum and Balmer line luminosities). Note that

although some of the commonalities between low- and

high-z populations (e.g., continuum shape, morphology,

broad emission lines) resulted from our adopted low−z

LRD selection criteria (3.1), others (e.g., Balmer absorp-

tion, Balmer decrements, low metallicity, variability) are

not part of the LRD selection. This overall consistency

from continuum to line properties indicates that the fea-

tures observed in both high- and low-z LRDs are gov-

erned by similar underlying physical processes. There-

fore, these DESI LRDs are representative of the LRD

population, but just reside at z < 1.

6.2. LRD number density at z < 1

We estimate the number density of LRDs from our

DESI DR1 sample. The survey covers 9,739 deg2, and

our selection is designed to identify LRDs with Hβ

and/or Hα lines observable by DESI, i.e., at z < 1.

This corresponds to a total survey volume of 3.6 × 1010

Mpc3. Based on the full sample of 27 DESI DR1 LRDs,

we derive a number density of 7.5 × 10−10 Mpc−3. The

estimate is in good agreement with the 5×10−10 Mpc−3

estimated from SDSS-selected LRDs at z = 0–0.5 (Pa-

per I). According to Y. Ma et al. (2025a), the number

density at z < 1 is about 4.6 orders of magnitude lower

than at z > 4, 3.8 orders of magnitude lower than at

z ≈ 2.7–3.7, and 3.4 orders of magnitude lower than at

1.7 < z < 2.7.

However, the number density derived above should

be considered a conservative lower limit. As noted by

Paper I, LRDs identified in wide-field spectroscopic sur-

veys such as SDSS and DESI are highly incomplete. In

this work, the selection is limited by both the photo-

metric pre-selection of DESI targets and the survey’s

cosmology-driven targeting strategy (see Section 3.3.1).

Future surveys beyond the limitation of SDSS/DESI

pre-selection are needed to establish a complete sample

of low-z LRDs.

6.3. Continuum shape and luminosity

We demonstrate the distribution of the continuum lu-

minosity of DESI DR1 LRDs in the left panel of Figure

4. Their L5100 and MUV values span the same range as

JWST-discovered LRDs at z > 2, with L5100 between

2 × 1042 and 2 × 1044 erg s−1, and MUV from –20.5 to

approximately –15 mag.

The middle panel of Figure 4 shows the distribution of

V-shaped SED inflection points in LRDs. While many

inflection points lie near the Balmer limit, a notable frac-

tion occur at longer wavelengths. Five objects in our

sample show inflection points > 4500 Å. Such behavior

is also seen in certain z > 2 LRDs (D. J. Setton et al.

2025; A. de Graaff et al. 2025b; G. Barro et al. 2025).

The subset of long-wavelength inflection points benefits

from our more relaxed optical continuum selection cri-

teria in Section 3.2.1. A clear example is J1717+3807,

which was targeted by SDSS eBOSS but missed in the

selection of Paper I. This is because Paper I required

the continuum under [O II] to be lower than that un-

der [O III] 5008 for the inflection point to lie near the
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Figure 4. Left : The distribution of L5100 and MUV of LRDs across cosmic time. Middle: The distribution of V-shaped SED
inflection points in LRDs. Right : The distribution of inflection points and Balmer break strengths. In each panel, LRDs at
z < 1 from DESI DR1 are shown as blue circles. Local LRDs at z = 0.1–0.3 in Paper I are orange squares, and JWST-discovered
LRDs at z > 2 (A. de Graaff et al. 2025b) are green. In the histogram, blue bars show the DESI DR1 LRD distribution, while
green bars indicate JWST LRDs at z > 2. In the middle and right panels, the wavelengths of the Balmer limit are marked with
gray dashed lines. In the right panel, we also include a gray dashed vertical line indicating a Balmer break strength of 3, the
maximum expected for a dust-free stellar population.

Balmer limit, but such a condition is not met by this

object. In J1717+3807, the inflection point occurs near

[O III] 5008, and our more relaxed red optical continuum

criteria allow it to be recovered in the sample.

For most DESI DR1 LRDs with inflection points near

the Balmer limit, the Balmer break strength exceeds

unity, as shown in the right panel of Figure 4. The

maximum Balmer break strength in our sample reaches

∼3, observed in J1423+5202 and J1654+0337. While we

do not identify sources with break strengths as extreme

as the most prominent high-z LRDs (e.g., The Cliff, A.

de Graaff et al. 2025a, MoM-BH∗, R. P. Naidu et al.

2025), we caution that this is likely a selection effect

arising from our requirement of strong [O III] emission

(The Cliff with [O III] EW 7.3 Å, MoM-BH∗ with [O III]

EW 3 Å). Additionally, sources with inflection points

at longer wavelengths naturally exhibit weaker Balmer

break strengths. In this case, the Balmer break alone

loses its diagnostic power.

6.4. Balmer lines

6.4.1. Balmer emission

The left panel of Figure 5 shows the relation be-

tween Hα luminosity and L5100. The broad component

(LHα,broad) tightly correlates with L5100. The correla-

tion between total Hα luminosity (LHα,total) and L5100 is

similar to that observed in high-z LRDs, but is primar-

ily dominated by the broad-line emission. In contrast,

the narrow Hα luminosity does not exhibit a strong in-

crease with L5100 at L5100 > 3 × 1042 erg s−1. We fit

the correlation between LHα,broad and L5100, yielding

log

(
LHα,broad

1042 erg s−1

)
= (1.22 ± 0.03)

+ (1.27 ± 0.07) · log

(
L5100

1044 erg s−1

)
(3)

For Hβ (right panel of Figure 5), although the to-

tal Hβ luminosity (LHβ,total) correlates with L5100, the

correlation is dominated by the narrow component at

log(L5100/erg s−1) < 43.2, but by the broad component

at higher L5100. While the narrow Hβ increases moder-

ately with L5100, the broad Hβ luminosity (LHβ,broad)

exhibits a stronger correlation and can be parameterized

as

log

(
LHβ,broad

1042 erg s−1

)
= (0.19 ± 0.03)

+ (1.57 ± 0.07) · log

(
L5100

1044 erg s−1

)
(4)

The LHα,broad–L5100 and LHβ,broad–L5100 relations for

LRDs (Equations 3 and 4) do not follow the trends ob-

served for type-1 AGNs in J. E. Greene & L. C. Ho

(2005) as shown in Figure 5. For the LHα,broad–L5100 re-

lation, the slope is close to that reported by J. E. Greene

& L. C. Ho (2005) (1.157±0.005), but the normalization

is three times higher. In contrast, the LHβ,broad–L5100

relation exhibits a steeper slope than Hα (right panel of

Figure 5).
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Figure 5. Left : Hα luminosity of DESI DR1 LRDs versus L5100. Total (broad+narrow), broad, and narrow Hα luminosities
are shown as white squares, red circles, and blue circles, respectively. The total Hα luminosity of z > 2 LRDs from A. de Graaff
et al. (2025b) is shown as green diamonds. The correlation between total Hα luminosity and L5100 for type-1 AGNs from J. E.
Greene & L. C. Ho (2005) is shown as the gray dashed line. The correlation between broad Hα luminosity and L5100 is shown
as the red dashed line. Right : Same as the Left panel, but for Hβ.

First, the two relations deviate from those of local

type-1 AGNs in J. E. Greene & L. C. Ho (2005), indicat-

ing that single-epoch BH mass estimators (J. E. Greene

& L. C. Ho 2005; A. E. Reines & M. Volonteri 2015)

are not directly applicable to LRDs. These estimators

rely on two key assumptions: (1) that L5100 traces the

broad-line region (BLR) size as in local type-1 AGNs,

and (2) that the broad-line luminosity scales with L5100

as in local type-1 AGNs. Neither assumption could hold

in LRDs, particularly in the context of the BH-envelope

framework discussed in recent studies.

Furthermore, the tight correlations between

LHα,broad–L5100 and LHβ,broad–L5100 in LRDs suggest

that the broad emission lines and optical continuum

are closely coupled in their physical origin. The re-

lation points to a potential new calibration for BH

mass measurements. Why the LHα,broad–L5100 rela-

tion shares a similar slope as that in J. E. Greene &

L. C. Ho (2005) remains an open question. Another

key question is how these correlations fit within the

physical picture of LRDs. In particular, within the

leading BH–envelope framework, L5100 is often located

blueward of the peak of a blackbody-like continuum,

whose temperature varies across sources. This question

remains unclear and warrants further investigation.

6.4.2. Balmer decrement

We further examine the Balmer decrements in LRDs

as shown in the left panel of Figure 6. The narrow

lines exhibit relatively small Hα/Hβ ratios, with a me-

dian value of 3.4, compared to the Case B value of

2.89. In contrast, the broad lines display much larger

Balmer decrements, with a median value of 16.0. As

already discussed in numerous studies of LRDs (e.g., Z.

Li et al. 2025; D. J. Setton et al. 2025; C. M. Casey

et al. 2025; K. Chen et al. 2025), such extreme val-
ues are difficult to explain solely by dust attenuation.

For an observed Hα/Hβ ratio of 16, the implied AV

under an SMC extinction law is 4.9, assuming an in-

trinsic ratio of 2.89. This high AV would produce sub-

stantial dust-reprocessed emission in the IR, which is

in conflict with the declining IR continuum that we ob-

serve. Instead, these extreme Balmer decrements may

arise from radiative transfer effects in sufficiently high-

density gas (nH ≳ 108–1010cm−3), without necessarily

invoking dust attenuation (Z. Yan et al. 2025).

The total Hα/Hβ ratios span a range comparable to

that observed in high-z LRDs (left panel of Figure 6).

Owing to the limited number of sources, we do not re-

cover the statistically significant correlation between the

total Hα/Hβ ratio and L5100 reported in high-z LRDs.

Nevertheless, Figure 6 suggests that the apparent corre-

lation in high-z LRDs likely reflects the varying contri-
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Figure 6. Left : Balmer decrement of the broad and narrow components versus L5100. Total (broad+narrow), broad, and
narrow Hα/Hβ are shown as white squares, red circles, and blue circles, respectively. The total Hα/Hβ of z > 2 LRDs from A.
de Graaff et al. (2025b) is shown as green diamonds. The top panel shows the narrow-line Hα/Hβ distribution in blue and the
broad-line distribution in red, with median values labeled. Right : Balmer decrement versus Balmer break strength. A subset of
the DESI DR1 LRDs with inflection points blueward of 4500 Å are marked as the red hexagons.

butions of narrow and broad line components. At lower

L5100, LHβ,total is dominated by narrow-line emission,

biasing the total Balmer decrement toward smaller val-

ues. In contrast, at higher L5100, the broad component

dominates, resulting in a larger total decrement.

Sources with the highest L5100 exhibit relatively

smaller broad-line Hα/Hβ ratios (but still ∼10), whereas

the ratios tend to increase toward lower L5100. How-

ever, due to the large uncertainties in broad-line de-

composition (mainly from Hβ when the lines are faint),

Kendall’s τ14 test yields p-values greater than 0.05, indi-
cating no statistically significant correlation. Likewise,

we find no significant correlation between the Balmer

break strength and the broad Hα/Hβ ratio (Figure 6,

right panel). Even when restricting the analysis to ob-

jects with inflection points blueward of 4500 Å, where

the Balmer break remains a reliable diagnostic, no clear

correlation emerges. A detailed analysis of the Balmer

decrement and its connection to the SED shape, includ-

ing the Balmer break, will require further modeling of

the dense gas, incorporating the gas density (nH), col-

umn density (NH), and other physical properties.

14 The Kendall τ correlation analysis is performed using
pymccorrelation, considering uncertainties in both the x and
y values.

6.4.3. Balmer absorption

In the full sample, 18 out of 27 (67%) of the DESI

LRDs exhibit absorption in either Hα or Hβ. Among

the sources with Hβ absorption, nine also have spectral

coverage of Hα, and all nine display absorption in Hα.

We examine the observed velocity shifts and EWs of

the Hα and Hβ absorbers from the same sources in Fig-

ure 7. Although Hα and Hβ are treated as independent

in the fitting procedure, their velocity shifts (vHβ,abs and

vHα,abs) and EWs are positively correlated. This indi-
cates that the gas producing both transitions is physi-

cally linked and kinematically coupled. In the bottom

panel of Figure 7, the color-coded curves show the ex-

pected relations if the Hα and Hβ absorption arises from

the same gas clouds under a single-layer assumption, i.e.,

Voigt profiles for Hα and Hβ with shared logN and b,

and Cf = 1. The Hβ EWs are systematically larger

than expected given the logN and b inferred from Hα.

This suggests that the full series of Balmer absorption

in LRDs originates from multiple gas clouds rather than

a single gas cloud.

As described in Section 5.2, we model the optical

depth of the Balmer absorbers using Voigt profiles, as-

suming a single-layer absorbing cloud. Here we high-

light J1654+0337 and J1611+0917, shown in Figure 2

and Figure A.1. In both objects, the absorption troughs

extend marginally below the continuum level. This indi-
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Name vHβ,abs logNHβ bHβ Cf EWHβ vHα,abs logNHα bHα Cf EWHα

(km s−1) (log cm−2) (km s−1) (Å) (km s−1) (log cm−2) (km s−1) (Å)

Gold sample

J0129+0628 – – – – – -66.6+5.6
−5.9 13.3+0.1

−0.1 72+4
−4 1 2.8+0.3

−0.3

J0826–0100 62+23
−18 15.5+0.8

−0.5 120+39
−26 1 7.4+0.8

−0.9 -78.4+7.4
−8.7 14.6+1.9

−0.6 80+21
−27 0.91+0.05

−0.06 6.4+0.5
−0.5

J0829+1312 – – – – – -21.7+12.1
−15.0 13.5+0.2

−0.2 269+30
−40 1 6.2+2.0

−2.1

J0944–0249 -371+5
−4 13.9+0.1

−0.1 165+26
−20 1 1.6+0.3

−0.2 -277.7+15.3
−21.6 18.4+0.1

−2.7 24+15
−9 0.38+0.04

−0.06 4.2+0.8
−1.7

J1025+5028 -64+9
−10 14.7+0.1

−0.1 250+26
−24 1 6.9+1.6

−1.2 -237.2+7.0
−8.7 15.0+1.4

−1.0 62+24
−14 0.83+0.07

−0.04 5.2+0.2
−0.2

J1321–0214 – – – – – -127.0+0.4
−0.2 13.0+0.1

−0.0 27+3
−3 1 1.3+0.1

−0.1

J1423+5202 -55+15
−27 14.8+0.3

−0.4 266+88
−64 0.74+0.24

−0.28 5.1+2.9
−1.4 -237.6+14.5

−12.2 13.7+0.3
−0.1 130+13

−30 0.84+0.08
−0.11 4.9+0.5

−0.3

J1611+0917 -220+12
−104 14.6+0.1

−0.1 180+32
−3 0.97+0.03

−0.09 5.5+0.9
−0.3 -190.9+13.1

−47.7 18.3+0.2
−4.3 44+55

−4 0.93+0.03
−0.03 10.0+1.5

−4.1

J1641+0708 – – – – – -111.6+30.3
−26.6 13.6+2.1

−0.4 100+41
−56 0.62+0.24

−0.15 3.0+1.0
−0.9

J1646+1426 -223+34
−35 14.9+0.1

−0.1 460+46
−30 0.92+0.08

−0.11 12.0+1.5
−2.0 -239.5+12.9

−11.6 13.9+0.1
−0.0 268+14

−28 1 10.4+0.8
−1.4

J1654+0337 -82+16
−20 15.0+0.2

−0.2 221+45
−42 0.85+0.11

−0.10 7.4+1.3
−1.1 -213.3+7.7

−14.1 13.7+0.0
−0.0 157+16

−26 1 7.0+0.6
−1.0

J1717+3807 -236+212
−68 14.2+2.3

−0.2 141+82
−87 1 3.1+0.9

−1.2 -212.9+11.4
−9.5 13.4+0.0

−0.0 147+19
−21 1 4.4+0.5

−0.5

J2127–0448 156+63
−54 14.0+0.3

−0.3 192+152
−69 1 2.3+1.8

−1.0 41.1+6.9
−3.6 14.8+2.2

−1.1 64+39
−22 0.58+0.14

−0.09 3.4+0.7
−0.6

J2255+1542 – – – – – 27.5+44.9
−25.4 14.5+0.7

−0.4 119+36
−36 0.80+0.11

−0.06 7.6+1.8
−1.4

Silver sample

J1119+0219 – – – – – -261.0+22.7
−33.1 14.3+2.5

−1.0 77+50
−33 0.41+0.21

−0.10 2.3+0.9
−0.7

J1137+5520 – – – – – -76.7+27.9
−22.0 13.3+2.0

−0.2 68+25
−33 1 3.0+1.4

−0.8

J1343+3934 – – – – – -147.9+4.2
−3.6 13.9+3.4

−0.7 36+19
−20 0.64+0.19

−0.05 1.8+0.4
−0.2

J1909+5831 – – – – – -24.4+8.5
−10.1 13.7+0.2

−0.2 159+38
−30 1 7.2+3.1

−1.9

Table 2. Absorption properties of the sources with detected Balmer absorption.

cates that the Balmer absorbers attenuate both the op-

tical continuum and the broad emission lines, and that

the covering fraction over the continuum source should

be high. Such deep Hβ absorption, reaching below the

continuum level, is also observed in LRD “Irony” at

z = 6.68 (F. D’Eugenio et al. 2025b). This evidence mo-

tivates the assumption adopted in Equation 2, in which

both the continuum and broad lines serve as the back-

ground source against the absorption.

Table 2 presents the physical parameters of the

Balmer absorbers. The velocity shifts of the absorbers,
vabs, range from −371 to +156 km s−1, with most sys-

tems being blueshifted and a small fraction redshifted

(2 Hα absorbers and 2 Hβ absorbers). Most Balmer

absorbers have covering fractions Cf ≈ 1, while only

a small subset exhibits lower values ranging from 0.4

to 0.9. The column densities span log(NHβ/cm−2) =

13.9 − 15.5 and log(NHα/cm−2) = 13.0 − 18.4. The

Doppler parameters of the Balmer absorbers b range

from 24 to 460 km s−1. b represents the quadrature sum

of thermal and non-thermal motions, such as macrotur-

bulence, microturbulence or bulk gas motion. For hy-

drogen at T ∼ 104 K, the thermal contribution is only

∼13 km s−1. The wide range of b values indicates that

the absorbing gas exhibits a broad range of dynamical

conditions (bnonthermal=20–460 km s−1).

However, we emphasize that the conclusions above are

based on Equation 2 and are subject to the caveats in-

herent in this formulation. Most importantly, it adopts

a simplified single-layer approximation that cannot cap-

ture the complex physical gradients likely present within

these absorbers. The Balmer absorbers, commonly in-

terpreted as dense gas outflows (or inflows in redshifted

systems), may have substructure along the line of sight.

Analogous to stellar atmosphere modeling, the line cores

and wings may originate from regions with different

opacities, temperatures, and densities. A more physi-

cally realistic description would therefore require radia-

tive transfer through multiple layers, particularly if the

absorbers are associated with a dense envelope analo-

gous to a stellar atmosphere surrounding the BH. Fur-

thermore, Equation 2 assumes an identical covering frac-

tion for both the continuum source and the BLR. This

assumption may not hold, as the covering fractor de-

pends sensitively on the relative geometry of the emit-

ting and absorbing regions, which remains poorly con-

strained. In the BH–envelope scenario, the spatial rela-

tionship among the central BH, the BLR, and the out-

flowing dense H I gas is unclear (e.g. see the models

summarized in Y. Asada et al. 2026). Allowing differ-

ent Cf for the continuum and BLR in our simplified

fitting framework results in strong degeneracy, yielding

no meaningful constraints.
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Figure 7. Velocity shifts and EWs of Hα and Hβ absorption
for sources in which both absorbers are detected. The gray
dashed line indicates the one-to-one relation. In the bottom
panel, the color-coded curves show the expected EWs of Hα
and Hβ as a function of logN and b, assuming one gas cloud
produces both transitions.

In Figure 8, we examine the relationship between

the Balmer absorption features and the Balmer break

strength and decrement. We characterize the absorbers

using purely observational quantities: velocity offsets

and EWs. We find no clear correlation between the

velocity offsets or EWs of the Balmer absorbers and

the Balmer break strength or decrement. However, we

also caution that this conclusion is drawn from a small

sample and is subject to considerable uncertainties, pri-

marily driven by fitting degeneracies. A larger sample

will be required to robustly constrain the connection be-

tween Balmer absorption properties and the continuum

shape.

6.5. Emission line diagnostics

6.5.1. Metallicity and BPT diagram

We measure gas-phase metallicities using the direct

Te method. [O III]λ4364 line is detected at S/N > 5

in 22 out of the 27 LRDs. We first determine the

electron density (ne) in the O+ zones using the [O II]

λλ3727, 3730 doublet. In our sample, 20 sources have

[O II] doublet ratios measured at S/N > 5, of which

17 have line ratios that fall within the density-sensitive

regime. The [O II]-derived ne spans a wide range, from

86+114
−85 to 14728+1679

−3458 cm−3, with a median of 290 cm−3.

Four sources in our sample have [S II] λλ6718, 6733 dou-

blets with sufficient S/N in the density-sensitive regime,

yielding the [S II]-derived ne ranging from 141+578
−140 to

866+992
−774 cm−3.

We then estimate the electron temperature (Te) by

adopting ne derived from [O II]. However, the measured

[O III] λ5008/λ4364 ratios yield exceptionally high Te

values, ranging from 20,000 to 80,000 K. One possibility

is that the [O III] λ5008, λ4364 lines are from a region

with much higher density, where the ne derived from

[O II] is not representative of the conditions. The critical

density of [O III] λ5008 is an order of magnitude higher

than that of [O II] λ3727, and the critical density of

[O III] λ4364 is three orders of magnitude higher. The ne

derived from [O II] traces the low-density zones, whereas

the [O III] lines may originate from higher-density re-

gions. If the true ne in the O++ regions significantly

exceeds that inferred from [O II], the resulting Te would

be systematically overestimated.

Although the direct Te method may not be fully appli-

cable, the weak or negligible [N II] emission observed in

the BPT diagram (discussed below) independently in-

dicates that the selected LRDs are metal-poor. Adopt-

ing fiducial values of Te = 15,000 K and the median

Ne = 290 cm−3 provides an order-of-magnitude metal-

licity estimate of 12+log(O/H) = 7.7–8.1, with a median

of 7.8, corresponding to approximately 0.13Z⊙.

In the BPT diagram (Figure 9, J. A. Baldwin et al.

1981), DESI LRDs occupy a region characterized by

their low metallicity and high ionization parameters

(logU), a regime that can be shared by both AGNs and

galaxies with similar properties (R. L. Sanders et al.

2023; A. E. Shapley et al. 2025). In the [N II] and [S II]

diagrams (left and middle panels of Figure 9), all LRDs

lie within the star-forming region or near the bound-

ary between the Seyfert and H II loci. In contrast, in

the [O I] diagram, most LRDs fall in the Seyfert re-

gion or near the Seyfert–H II boundary. However, this

does not necessarily imply AGN-dominated narrow-line

emission. Indeed, we find that emission-line galaxies at

z > 1.4 (A. E. Shapley et al. 2025) can occupy the same

parameter space as the LRDs.

6.5.2. He II 4687

The ionization potential of He++ is high (54.4 eV),

making He II 4687 a powerful diagnostic of the ionizing

spectrum. Figure 10 shows the He II 4687/Hβ versus

[N II] 6585/Hα diagram. Low-z LRDs, including the

DESI LRDs presented here and those reported by Pa-

per I, together with the high-z LRDs from B. Wang

et al. (2025), consistently show He II 4687/Hβ ratios
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Figure 8. The velocities and EWs of Balmer absorption versus their Balmer break strength and decrement.
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Figure 9. BPT diagram for the narrow emission lines in LRDs. DESI DR1 LRDs are shown in blue. The z < 0.3 LRDs from
Paper I are shown as orange squares, and the z = 2.26 LRD from I. Juodžbalis et al. (2024) is shown as a green diamond. The
emission-line galaxies at z = 1.4–7.5 from A. E. Shapley et al. (2025) are shown as gray circles. The classification boundaries
for different ionization mechanisms (G. Kauffmann et al. 2003; L. J. Kewley et al. 2006) are shown as blue solid and dashed
lines. The corresponding regions are labeled.

lower than those of typical type-1 AGNs. The He II

λ4687/Hβ ratios span the range between star-forming

galaxies and AGNs (M. Shirazi & J. Brinchmann 2012;

F. Bian et al. 2020).

In the left panel of Figure 11, we show an example of

an individual He II detection from our sample. To esti-

mate the average He II strength, we stack the He II 4687

lines of all DESI LRDs after subtracting their local con-

tinua and normalizing by the narrow Hβ flux. The right

panel of Figure 11 shows the resulting mean stacked

He II line, yielding a stacked value of log(He II/Hβ)

= −1.45 ± 0.09. As shown in Figure 10, the stacked

value exceeds that of most star-forming systems, includ-

ing high-z analogs and extremely metal-poor galaxies,

but remains below that of typical AGNs. This suggests

that, on average, DESI LRDs have an ionizing spectrum

harder than that of most star-forming galaxies, yet softer

than that of typical AGNs, as discussed in B. Wang et al.

(2025).

6.5.3. Mg II λλ2796, 2803

We detect clear Mg II λλ2796, 2803 emission lines in

six DESI DR1 LRDs (Figure 12). The Mg II doublet

exhibits marginally resolved narrow components with

FWHMs of ∼100–200 km s−1, comparable to narrow

components of [O III] and the Balmer lines. We do

not detect broad components in the DESI spectra. The

Mg II emission is redshifted by 27–158 km s−1 relative to

the systemic redshift defined by [O III] 5008, consistent

with its resonant nature. The EWs of Mg II 2796 lines

range from 4 to 15 Å, consistent with those of low-mass

star-forming galaxies exhibiting high [O III] 5008/[O II]

3727 ratios (Figure 13).

In summary, based on the BPT diagram and the Mg II

λλ2796, 2803 doublet, we conclude that the narrow emis-

sion lines in low-z LRDs, from the UV to the optical, are

consistent with low metallicity and high logU , which can

be produced by either AGNs or galaxies. On the other
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mann (2012), as well as high-z galaxy analogs (light blue
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hand, the He II diagnostic diagram reveals an ionizing

spectrum that is harder than that of most star-forming

galaxies, yet still softer than that of typical AGNs.

6.6. [O III] ionized outflow

In our sample, we find a remarkably high incidence

rate of [O III] outflows: 78% (21 out of 27) of the LRDs

exhibit significant broad [O III] components, with veloc-

ity offsets to the narrow lines ranging from −73 to 48

km s−1 and FWHMs from 173 to 592 km s−1. Similar

ionized outflows have also been reported in high-redshift

LRDs discovered with JWST/NIRSpec grating observa-
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tions, but statistics are lacking (e.g., I. Juodžbalis et al.

2024; F. D’Eugenio et al. 2025b). The incidence rate

of outflows in DESI LRDs is significantly higher than

in typical high-z galaxies. For galaxies at z = 3–9,
the [O III] outflow incidence is reported to be roughly

30% by Y. Xu et al. (2025) and 25–40% by S. Carni-

ani et al. (2024). The outflow incidence rate in DESI

LRDs is comparable only to that observed in the most

extreme starburst galaxies. For instance, in low-mass

(M∗ = 104–107 M⊙) galaxies with high specific star-

formation rates (sSFR ≈ 100–1000 Gyr−1) in the local

Universe, the incidence rate of ionized outflows is ap-

proximately 67% (Y. Xu et al. 2022).

The outflows in DESI LRDs also exhibit elevated

[O III]λ5008/Hβ ratios, which, together with their high

incidence rate, point to a connection with AGN activity.

Stellar-driven outflows typically exhibit relatively strong

Balmer-line components, placing the outflowing gas in

the non-AGN region of the BPT diagram. In contrast, in

our joint fits of [O III] and Balmer lines, the Balmer-line

outflow is negligible in 22 objects and detected in only
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five. This implies that the outflowing gas has high ion-

ization parameters, although fitting degeneracies may

be present. For sources with negligible Hβ outflows, the

outflowing gas has very high log([O III]λ5008/Hβ) ra-

tios, placing it firmly in the AGN region of the BPT

diagram. Among the five objects with measurable

Balmer outflows, log([O III]λ5008/Hβ) of the outflow-

ing component ranges from 0.78 to 1.46, again keeping

them within the AGN region or close to the AGN–star-

forming boundary. This suggests that the outflowing

gas is photoionized by AGN radiation.

However, the outflow velocities are relatively modest.

The mechanisms responsible for their kinematics (e.g.,

winds, slow shocks) are still uncertain. We compute

the outflow velocity following D. S. Rupke et al. (2005),

defined as

vout = |∆v[O III],out| + 2σ[O III],out, (5)

where ∆v[O III],out is the velocity offset of the outflow

component relative to the narrow [O III] lines, and

σ[O III],out is the velocity dispersion of the outflow com-

ponent. The derived vout values for the DESI LRDs

span 170–577 km s−1, with a median of 267 km s−1.

As shown in Figure 14, these velocities are comparable

to those measured in low-mass galaxies with high spe-

cific star-formation rates (Y. Xu et al. 2022), but are

lower than those of galactic outflows at z = 3–9 (S.
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Figure 14. The distribution of outflow velocity vout in DESI
DR1 LRDs in this work, local low-mass galaxies with high
sSFR (Y. Xu et al. 2022), z = 3 − 9 galaxies (S. Carni-
ani et al. 2024; R. A. Cooper et al. 2025), and AGNs (M.
Karouzos et al. 2016; C. M. Manzano-King et al. 2019; S.
Salehirad et al. 2025). All the literature vout values are cal-
culated with the definition in Equation 5, using the reported
velocity offsets and FWHMs. The vout values for AGNs in
S. Salehirad et al. (2025) correspond to sources classified as
AGNs in all three BPT diagrams ([N II], [S II], and [O I]).

Carniani et al. 2024; R. A. Cooper et al. 2025). We cau-

tion, however, that observational limitations may bias

the high-z outflow statistics, as weak outflows could be

missed in faint galaxies observed with JWST/NIRSpec

at R ≲ 2700. The vout values in the DESI LRDs are

also significantly lower than those of the AGN-driven

outflows (M. Karouzos et al. 2016; C. M. Manzano-King

et al. 2019; W. Liu et al. 2020; S. Salehirad et al. 2025;

W. Liu et al. 2024), which can reach vout > 1000 km

s−1.

6.7. Variability

6.7.1. Optical Variability

We assess the significance of optical variability in the

DESI LRDs using ZTF gri light curves. First, we rescale

the per-epoch uncertainties by ferr =
√
⟨χ2/ν⟩star, the

median over non-variable PSF reference stars (χ2/ν <

1.5 against a constant-flux model) within ±0.5 mag

of the target on the same ZTF readout channel (∼0.7

deg2). For each light curve, we perform a χ2 test against

a constant-flux model. We then compute the fractional

variability amplitude (S. Vaughan et al. 2003),

Fvar =
1

⟨f⟩

√
S2 − σ2

err

where S2 is the sample flux variance and σ2
err the mean

squared photometric error. We estimate σFvar from 1000



22 Lin et al.

bootstrap resamples. We additionally require the mea-

surement to be leave-one-out (LOO) robust: Fvar re-

computed with any single epoch removed must remain

at ≥ 50% of the all-epoch value; light curves failing this

test are flagged as outlier-driven. As a robustness check,

we repeat the analysis after dropping the LOO-identified

outlier from the target and from every reference simul-

taneously, so the comparison remains fair. Finally, we

compare each target’s Fvar against the empirical Fvar

distribution of reference stars matched to the target in

both brightness and number of epochs (within a factor

of two). In addition to Fvar, we apply a linear-trend F -

test (P. R. Bevington & D. K. Robinson 2003) that com-

pares a linear fit to a constant-flux model and returns

a p-value for the trend, following the approach used to

identify long-term mid-IR fading in changing-look AGN

(D. Stern et al. 2018). The test reveals smooth, mono-

tonic variability that Fvar alone cannot distinguish from

noise. A source is classified as exhibiting robust variabil-

ity if it meets all of the following criteria: (a) p-value of

the χ2 test < 0.01; (b) S/N of Fvar is > 3 and LOO-

robust; (c) either Fvar lies above the 95th percentile of

the reference-star Fvar distribution, or a weighted linear-

trend F -test yields ptrend < 0.01 and ptrend is smaller

than the 5th percentile of the trend p-value distribution

of the reference stars. Together, these criteria ensure

that the light curve both deviates from a constant-flux

model and differs significantly from those of non-variable

reference sources.

Of the 27 DESI LRDs in this work, 13 have light

curves suitable for variability analysis, spanning 4.1–7.5

years in the observed frame (median 6.9 years), corre-

sponding to 3.1–6.3 years in the rest frame (median 4.1

years). In the remaining 14, 10 lack ZTF DR24 detec-

tions due to their faintness, and 4 have fewer than 10

usable epochs in any filter. Among the 13 sources, only

the i-band light curve of J1717+3807 robustly satisfies

all the criteria. J1717+3807’s i-band light curve (512

exposures) faded between 2018 and 2022 at a rate of

(7.5±1.0)×10−3 mag yr−1. In contrast, its g and r fluxes

(rest-frame ∼3970 and 5375 Å) are flat over the same

window. J1646+1426’s i-band light curve marginally

passes the criteria, but it is based on only 23 expo-

sures. It has Fvar = 0.33 at 3.8σ and only marginally

exceeds the 95th percentile of its reference-star distribu-

tion (95.6th percentile). We thus classify it as tentative

and note that its statistical significance requires further

confirmation. Its light curve is shown in Appendix C.

The remaining 11 show no significant evidence of vari-

ability.

6.7.2. Infrared Variability

We apply the same assessment to the WISE W1 and

W2 light curves.

Among the 27 DESI LRDs, three satisfy all the statis-

tical criteria above and are classified as WISE-variable

(in W1 and/or W2). J1717+3807 is the most significant

variable source in both bands, with Fvar = 0.033±0.005

in W1 (7.2σ) and Fvar = 0.045 ± 0.006 in W2 (7.9σ).

Both light curves exhibit coherent monotonic fading over

the ∼14-year baseline, with rates of (8.8 ± 0.5) × 10−3

mag yr−1 in W1 and (11.3 ± 0.5) × 10−3 mag yr−1 in

W2, as shown in Figure 15. J1646+1426 is classified as

marginally variable only in W2, with Fvar = 0.16± 0.05

(3.0σ), and shows stochastic variability. J1909+5831 is

classified as variable in W1, with Fvar = 0.51 ± 0.10

(5.2σ). It exhibits a brightening but with low S/N pho-

tometry. Its light curve is extracted from the Legacy

Survey DR9 per-visit forced photometry on the unWISE

coadded images, as it is too faint to be reliably detected

in individual WISE single-exposure frames. The vari-

ability should be re-evaluated with more robust photo-

metric methods to ensure a reliable measurement. The

light curves of J1646+1426 and J1909+5831 are shown

in Appendix C. The remaining 24 of the 27 sources do

not show statistically significant variability.

6.7.3. The variability of J1717+3807

From 2018 to 2022 (rest-frame 3.3 years),

J1717+3807’s i-band magnitude faded by 0.05 ± 0.01

mag, then rose by 0.02 ± 0.01 mag by 2024 (rest-frame

1.6 years). From 2010 to 2024 (rest-frame 11.7 years),

the 31 epochs of WISE W1 show a smooth fading of

0.123± 0.006 mag, and W2 fades by 0.159± 0.006 mag.

In contrast, its ZTF g and r light curves over the over-

lapping 2018–2026 window are consistent with constant

flux.

We construct the structure function (SF; P. A. Hughes

et al. 1992; S. Collier & B. M. Peterson 2001; A. Bauer

et al. 2009; S. Koz lowski et al. 2010) and fit it with a

power law (N. Palanque-Delabrouille et al. 2011):

SF
(
∆trest

)
= A

(
∆trest
1 yr

)γ

. (6)

As shown in the right panel of Figure 15, J1717+3807’s

ZTF i band shows a weakly significant rise. Both W1

and W2 exhibit an SF slope index of γ ≃ 1, signifi-

cantly steeper than the expectation from a damped ran-

dom walk model (γ ∼ 0.5 on timescales shorter than

the characteristic timescales; C. L. MacLeod et al.

2010). The SF of J1717+3807 indicates that its vari-

ability is dominated by a long-term trend with a char-

acteristic timescale longer than the observing baseline
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Figure 15. Left : The ZTF gri and WISE W1 W2 light curves of J1717+3807 over ≳10 years. Right : The structure function
(SF) of the light curves (light dots), the binned SF (filled dots), along with the best-fit power-law (dashed lines).

(∼ 10 years), while showing little variability on days-to-

months timescales.

J1717+3807’s g and r bands are largely dominated

by the blue UV component, which may be attributed

to the host galaxy and explain the lack of significant

variability. Its i band contains its Hα emission and the

rising red optical continuum (Figure 2). The i-band

variability may be driven by variations in either the Hα

emission line, the continuum emission, or a combination

of both. Dedicated spectroscopic monitoring is required

to distinguish between the scenarios. Furthermore, the

long-term variability is reminiscent of the gravitationally

lensed, multiply imaged LRD RXCJ2211-RX1 (Z. Zhang

et al. 2025b) which shows significant color and bright-

ness change over a timescale of ∼ 20 yr in the rest frame.

Within the BH-envelope framework, the i-band contin-

uum of J1717+3807 is interpreted as the ascending por-

tion of the thermalized blackbody emission from the en-

velope. Monitoring over another decade-long baseline

could reveal whether the i-band brightness continues to

increase or instead exhibits periodic variability poten-

tially associated with envelope pulsations, as discussed

in Z. Zhang et al. (2025b).

J1717+3807’s WISE W1 and W2 bands, correspond-

ing to rest-frame wavelengths of ∼2.8 and 3.9µm, probe

an excess above the tail of the same blackbody compo-

nent (Figure 2). At these wavelengths, emission from

hot dust at ∼1000 K may be significant or even domi-

nant (see the SED fits in X. Lin et al. 2026b). Variability

in the hot dust component could contribute to the ob-

served WISE variability.

J1717+3807’s significant variability contrasts with the

behavior of the other three z < 0.3 LRDs in Paper I (see

also C. J. Burke et al. 2025). We compare the spectral

properties of J1717+3807 with those of the other three

z < 0.3 LRDs in Section 7.4. We defer a comprehensive

analysis of the variability behavior of J1717+3807 to

future work (Zhang, Z. in prep).

7. DISCUSSION

In this section, we provide a brief, qualitative discus-

sion of the current sample and its implications. We defer

more in-depth analysis and detailed modeling of LRDs

to future works, pending more complete spectral data

from our ongoing follow-up observations.

7.1. H-R diagram of LRDs

As widely discussed in recent literature, the optical-

to-near-infrared spectra of LRDs exhibit blackbody-like

emission. This has motivated certain models in which

BHs are enshrouded by atmosphere-like envelopes that
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Figure 16. H–R diagram of LRDs: the peak wavelength (λpeak) of the optical-to-near-infrared, blackbody-like continuum as a
function of its luminosity (Lbb). The top axis indicates the effective temperature of a blackbody peaking at λpeak, based on Wien’s
displacement law. Dashed gray lines mark loci of constant blackbody radius (in AU), derived by combining Lbb = 4πR2σT 4

with Stefan-Boltzmann law. The JWST LRD sample is compiled from A. de Graaff et al. (2025b) and B. Wang et al. (2026a).

emit thermal radiation (e.g., K. Inayoshi et al. 2025a; X.

Ji et al. 2025a; D. Kido et al. 2025; H. Liu et al. 2025).

In our sample, 17 sources have near-IR spectra with

sufficient S/N to cover the optical-to-IR continuum and

locate the blackbody peak. We first fit the contin-

uum blueward of the inflection points using a power-law

model and subtract this component from the spectrum.

The resulting residual spectrum is then fitted with a

modified blackbody model. The results are shown in

Figure B.1, and summarized in Table B.3. We empha-

size that this modified blackbody is used only to es-

timate the peak wavelength and to calculate the total

luminosity of the blackbody component. We do not

ascribe any physical interpretation to its modification

factor.

Figure 16 shows the Hertzsprung–Russell (H–R) dia-

gram of LRDs: the distribution of the peak wavelength

(λpeak) and the total luminosity of the blackbody com-

ponent (Lbb), with the former indicative of the tem-

perature of the blackbody. The value of λpeak spans

0.6–1.5µm. Assuming a single-temperature blackbody,

Wien’s displacement law yields temperatures (Tbb) of

1977—4673 K. The H-R diagram does not show a se-

quence or correlation between λpeak (Tbb) and Lbb.

Five objects show λpeak > 1µm corresponding to tem-

peratures below 3000 K, which is 19% of our DESI sam-

ple. Such a temperature exceeds the range predicted by

most current BH envelope models (e.g., D. Kido et al.

2025; K. Inayoshi et al. 2025a; M. C. Begelman & J.

Dexter 2026; A. D. Santarelli et al. 2026; H. Umeda

et al. 2026). The non-negligible fraction of these low-

temperature envelopes poses a challenge to existing the-

oretical models. In contrast, at high-z, only one LRD at

z ≈ 4.4 is reported with λpeak > 1µm in A. de Graaff

et al. (2025b). Two additional sources at z = 3.5 and

z = 4.1 are reported to be consistent with λpeak ≈ 1µm

within 1σ. The three high-λpeak LRDs only represent

8% of the 40 LRDs at z = 2.3−4.5 in A. de Graaff et al.

(2025b). While the simple statistics appear to suggest

that cool envelopes are more prevalent in the low-z Uni-

verse, both the high-z and low-z samples are subject to

selection effects that have not been quantified.

Figure 16 also illustrates the loci of a constant black-

body radius as a function of Lbb and λpeak, assum-
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ing spherical blackbody emission. For cool LRDs with

λpeak ≳ 1µm at both high and low z, the resulting radii

are all R ≳ 2000 AU. In this low-temperature regime,

the cooler envelopes imply larger envelope radii. If cool

envelopes are indeed more common at low z in the popu-

lation, this would suggest that low-z LRDs tend to host

larger envelopes. However, before drawing any firm con-

clusions, selection effects should be carefully quantified.

In reality, the optical-to-near-IR continua of LRDs

are unlikely to originate from a single blackbody.

Many LRDs show significant deviations from a single-

temperature blackbody, or can be more properly de-

scribed by multi-temperature components (A. de Graaff

et al. 2025b; B. Wang et al. 2026a). Variations of tem-

perature and opacity are unsurprising or even expected

in the dense gas envelope, which can distort the spectral

shape (e.g., H. Liu et al. 2026). To measure the effec-

tive temperature, more realistic models are required to

account for gas layers with different temperatures and

radiative transfer effects within a genuine atmospheric

structure.

7.2. Long-wavelength inflection points

As noted in Section 6.3, the inflection points do not

always occur at the Balmer limit. In our sample, five

of the 27 objects (19%) exhibit inflection points at

λ > 4500 Å (see Table 1), a higher fraction than that ob-

served among the z > 2 LRDs identified by A. de Graaff

et al. (2025b) (13/116 objects, ≈11%). Given the cur-

rently limited sample size and incomplete selections at

both high and low redshift, it is unclear whether this

trend reflects selection effects or potential cosmic evolu-

tion. Nevertheless, this suggests that selecting LRDs

from spectroscopic libraries such as DESI, SDSS, or

JWST/NIRSpec based solely on inflection points near

the Balmer limit is insufficient.

Inflection points at wavelengths near Hβ+[O III] are

also seen in three of the four LRDs at z ∼ 2 in B. Wang

et al. (2026a), which are thought to host cooler BH

atmospheres at around 3000–4000 K. Four of the five

objects in our sample with inflection points > 4500 Å

have λpeak > 1µm. If converting their λpeak using a

single blackbody, the resulting temperature would be

T < 3000 K, placing them as the coolest LRDs known

so far.

Figure 17 illustrates the correlation between the inflec-

tion points and blackbody peak wavelengths for both the

low-z and high-z LRD samples. In the low-z sample, the

Kendall τ analysis reveals a clear trend in which longer

inflection points correspond to redder blackbody peaks,

except for the outlier J0129+0628. The longer inflection

points, therefore, indicate cooler envelopes. The corre-
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Figure 17. The correlation between the inflection points
and blackbody peak wavelengths (λpeak) of low-z and high-z
LRDs. The results of the Kendall τ correlation analysis for
both the high-z and low-z samples are shown.

lation in the high-z sample is less robust. Although the

p-value is 0.01, it is associated with large uncertainties.

The clearer correlation seen in the low-z LRDs is pri-

marily driven by the larger fraction of cool LRDs, as

discussed in Section 7.1. The observed inflection point

wavelength is determined by a combination of the tem-

perature of the BH envelope and the relative contribu-

tion from the host galaxy. If the envelope temperature

is too low, the gas cannot produce an effective Balmer

break. Variations in the relative strengths of the galaxy

and envelope emission will also shift the location of the

inflection points.

7.3. Constraints on the ionizing source of narrow lines

In Section 6.5, we present diagnostics of narrow emis-

sion lines in DESI LRDs. The ionizing spectra of DESI

LRDs are harder than in most star-forming galaxies,

but softer than in typical type-1 AGNs. If the narrow

lines originate from H II regions in the host galaxies,

the galaxies should be among the most extreme systems

dominated by young massive stars.

However, a scenario powered solely by stellar popula-

tions poses challenges in explaining the He II strength

(Figure 10). The He II emission in DESI LRDs is

stronger than that observed in high-z analog galaxies

and in metal-poor starburst galaxies. For reference,

in BPASS v2.2 models (E. R. Stanway & J. J. El-

dridge 2018), at Z = 0.1Z⊙ and logU = −2, the maxi-

mum log(He II/Hβ) is −2.1. In the most extreme case,
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logU = −1, a metallicity of 5 × 10−4 Z⊙, and an age

of 25 Myr, the maximum log(He II/Hβ) in the BPASS

models reaches −1.5. All detected He II in low-z LRDs

have log(He II/Hβ) ≳ −1.8, with a stacked value ≈ 1.45

and three exceeding −1.5. This suggests that the ob-

served He II emission exceeds what can be produced

even by the most extreme young stellar populations. A

stellar origin for He II would therefore require the host

galaxies of DESI LRDs to have even more extreme ion-

ization parameters. To further boost the He II-ionizing

photon budget, additional non-stellar sources, such as

X-ray binaries (D. Schaerer et al. 2019), would be re-

quired at fractions much higher than in typical star-

forming galaxies. Shock excitation could also enhance

He II emission. However, the [S II] BPT diagram argues

against this interpretation. The [S II] lines are highly

sensitive to shocks: once shocks contribute more than

∼20%, sources are expected to shift toward the LINER

region due to enhanced [S II] emission produced during

the cooling of shocked gas (I.-T. Ho et al. 2014). The

location of LRDs in the [S II] BPT diagram instead in-

dicates that shocks do not play a significant role.

A more natural interpretation is that the narrow lines

are powered by a combination of AGN and host galaxy.

The presence of AGN photons could also explain the

high incidence and elevated ionization parameters of

[O III] outflows. In the BH envelope scenario, one possi-

bility is that photons from the central accretion disk are

reprocessed by the envelope, producing a softer ionizing

spectrum than that emitted directly from the disk. An-

other possibility is that AGN photons escape through

low-opacity channels, or that the envelope is clumpy,

leading to a mixture of AGN emission, stellar light, and

thermally reprocessed envelope emission. This geome-

try is also suggested by recent deep UV spectroscopic

observations of Abell2744-QSO1 (X. Ji et al. 2026; M.

Tang et al. 2026).

For line diagnostics in Section 6.5, statistical high-z

LRD measurements obtained in the same way are still

lacking, preventing a robust comparison between high-

z and low-z samples. In the He II diagram, the de-

tected He II/Hβ ratios in the DESI LRDs are higher

than the narrow-line fit of RUBIES-EGS-49140 from B.

Wang et al. (2025). In the stacked NIRSpec/PRISM

spectra of high-z LRDs from B. Wang et al. (2025), He II

4687 is not detected. In the stacked PRISM spectra of

P. G. Pérez-González et al. (2026), a broad He II 4687

component (FWHM > 2000 km s−1) is detected and at-

tributed to either Wolf–Rayet stars or AGN activity,

although the PRISM resolution is low. In contrast, we

do not find significant broad He II 4687 emission in our

DESI LRD sample. In the absence of a statistical sam-

ple of individual high-z He II 4687 measurements with

sufficient spectral resolution, it remains unclear whether

low-z LRDs exhibit systematically different He II 4687

emission strengths and profiles. Similarly, it has been

reported that JWST AGNs lack prominent fast out-

flows (R. Maiolino et al. 2025), although [O III] outflows

have been detected in several high-z LRDs (I. Juodžbalis

et al. 2024; F. D’Eugenio et al. 2025b; R. A. Cooper et al.

2025). A larger sample of NIRSpec grating observations

of their [O III] lines is required to assess the incidence

rate.

7.4. Highlight: J1717+3807

Among all the DESI DR1 LRDs presented in this

work, we highlight J1717+3807 as a particularly promis-

ing target for further follow-up. Indeed, it will be ob-

served by JWST GO 12316 (PI: Franz Bauer).

J1717+3807 is the brightest and lowest-redshift LRD

in our DESI sample (mr ≈ 19 mag and mi ≈ 18 mag),

comparable in brightness to the three z < 0.3 LRDs re-

ported in Paper I (J1025+1402, The Egg ; J1047+0739;

J1022+0841), while the remaining DESI LRDs are typ-

ically 2–3 mag fainter.

J1717+3807 shows different properties from the three

bright z < 0.3 LRDs. Its V-shaped inflection point

occurs at ∼4920 Å, near Hβ+ [O III], whereas the

other three systems inflect near the Balmer break

(3704–4168 Å). Its optical–near-IR continuum peaks

at ∼1.16µm, while the other three objects peak at

7330–8094 Å. Both the inflection point and peak wave-

length are significantly redder (longer) in J1717+3807.

The envelope temperature Tbb is cooler (∼2500 K con-

verted from Wien’s displacement law) than those of the

other three (∼4000 K from Wien’s displacement law and

∼4500 K when fitted with theoretical atmospheric mod-

els as shown in H. Liu et al. 2026).

As discussed in Section 6.7, its i-band and WISE flux

fade on time-scales of years. It is in contrast with the

lack of significant variability seen in the other three

z < 0.3 LRDs (C. J. Burke et al. 2025) but is reminiscent

of the ∼ 20 yr variability observed in RXCJ2211-RX1 at

z ∼ 4 (Z. Zhang et al. 2025b). It is worth exploring

whether the presence of variability is linked to the en-

velope temperature and therefore to its instability (M.

Cantiello et al. 2026). A large sample of bright LRDs

spanning a wide range of temperatures is needed to in-

vestigate the connection.

8. SUMMARY

This paper is the second in our series on low-z LRD

surveys, extending the sample presented in Paper I. We

aim to build a statistical sample of low-z LRDs to com-
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plement the high-z JWST samples and to probe the cos-

mic evolution of this population.

In this work, we present our selection of LRDs

based on DESI DR1, currently the largest pub-

licly available spectroscopic dataset. We compile

multi-wavelength photometry and conduct spectro-

scopic follow-up observations from Magellan/FIRE,

LBT/LUCI and Keck/NIRES. Our findings are summa-

rized as follows.

• We select 27 LRDs from DESI DR1 at z =

0.2–0.9. These sources are consistent with JWST-

discovered high-z LRDs in morphology, contin-

uum properties, Balmer emission and absorption

line properties, and narrow-line properties. Across

all these diagnostics, they occupy distributions

consistent with those of high-z LRDs, suggesting

that the same underlying physical processes are

at work. The discovery significantly expands the

sample of known LRDs at z < 1.

• The selection in DESI DR1 yields an incomplete

number density of 7.5 × 10−10 Mpc−3 at z < 1,

which should be regarded as a conservative lower

limit (Section 6.2).

• DESI LRDs exhibit a wide range of continuum

shapes, with inflection points spanning from near

the Balmer limit to just blueward of Hα (∼
6200 Å). Their luminosities (MUV, L5100) occupy

a distribution similar to that of high-z LRDs dis-

covered by JWST (Section 6.3).

• The broad Hα and Hβ luminosities are strongly

correlated with L5100. These relationships are well

described by power laws but deviate from those

observed in local type-1 AGNs. This discrepancy

cautions against the direct application of local

scaling relations when estimating the black hole

masses of LRDs. On the other hand, it also sug-

gests an alternative scaling relation may be at play.

(Section 6.4.1).

• The Balmer decrement (Hα/Hβ) of narrow lines

has a median value of 3.4, while that of broad lines

is 16.0. Such extreme broad-line Balmer decre-

ments point to radiative transfer effects in dense

gas rather than dust attenuation alone. No statis-

tically significant correlation is found between the

broad-line Balmer decrement and either L5100 or

the Balmer break strength (Section 6.4.2).

• Eighteen of the 27 LRDs (67%) exhibit Hα and/or

Hβ absorption. The velocity shifts and EWs

of Hα and Hβ are highly correlated. How-

ever, the Hβ EWs are systematically higher than

those expected from the Voigt-profile parame-

ters of the Hα absorber, under the assumption

that a single cloud produces both transitions.

This implies that the Balmer absorption in LRDs

originate from multiple rather than single gas

cloud. The absorbers span velocity shifts from

−371 to +156 km s−1 (mostly blueshifted), col-

umn densities of log(NHβ/cm−2) = 13.9–15.5 and

log(NHα/cm−2) = 13.0–18.4, and Doppler param-

eters b = 24–460 km s−1, revealing a wide range

of absorber dynamical states. Most absorbers

have covering factors near unity. We do not find

a significant correlation between the Balmer ab-

sorber velocity or EW and either the Balmer break

strength or the Balmer decrement. (Section 6.4.3).

• All DESI LRDs exhibit low metallicity in their

narrow-line regions or host galaxies, with a me-

dian value of 12 + log(O/H) = 7.8. In the BPT

diagrams, DESI LRDs fall within the star-forming

regions in the [N II] and [S II] diagrams, but oc-

cupy the Seyfert region in the [O I] diagram. They

occupy the same parameter space in the BPT di-

agram as emission-line galaxies at z > 1.4 (Sec-

tion 6.5).

• In the He II 4687 diagram, the He II/Hβ ratios

of DESI LRDs lie between those of star-forming

galaxies and AGNs. Their mean stacked He II/Hβ

value (log(He II/Hβ) = −1.45±0.09) exceeds that

of most galaxies, including high-z analogs and ex-

tremely metal-poor galaxies, but remains below

typical AGNs. This indicates that DESI LRDs

have an ionizing spectrum harder than most star-

forming galaxies, yet softer than typical AGNs

(Section 6.5).

• Narrow Mg II emission with FWHM∼ 100 −
200 km s−1 is detected in six DESI LRDs. Their

EWs range from 4 to 15 Å, consistent with those

of low-mass starburst galaxies (Section 6.5).

• Broad [O III] outflows are detected in 21 of 27

DESI LRDs (78%), an incidence rate much higher

than that of star-forming galaxies, implying an

AGN origin. However, the outflow velocities are

relatively modest (vout ∼ 170–577 km s−1, median

267 km s−1), lower than those of galactic outflows

at z > 3 and below most AGN-driven outflows

(Section 6.6).

• Among sources with light curves of sufficient S/N

for variability analysis, the majority show no sig-
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nificant variability or only tentative low-S/N vari-

ability requiring confirmation. The only robustly

variable source is J1717+3807. Its i-band flux

faded by 0.05 ± 0.01 mag over 3.3 yr in the rest

frame, followed by a brightening of 0.02±0.01 mag.

Its WISE W1 and W2 light curves show mono-

tonic fading of 0.123±0.006 and 0.159±0.006 mag,

respectively, over a rest-frame baseline of 11.7 yr

(Section 6.7).

• Seventeen LRDs have sufficient wavelength cov-

erage to characterize the optical-to-near-infrared

continuum. Their continua are well described by

modified blackbody-like spectra peaking at 0.6–

1.5µm, corresponding to temperatures of ∼2000–

4700 K under Wien’s law assuming a single black-

body. Five objects peak at > 1µm, correspond-

ing to temperatures below 3000 K. The fraction of

low-temperature LRDs at z < 1 (19%) is higher

than that in z = 2 − 5 LRDs (8%), although the

selection effect is not yet quantified (Section 7.1).

• The H–R diagram of LRDs (λpeak or Tbb versus

Lbb) does not reveal a clear sequence or correla-

tion between λpeak (Tbb) and Lbb. In the low-Tbb

(λpeak > 1µm, Tbb < 3000 K) regime, the cooler

envelopes imply larger envelope radii (Section 7.1).

• A correlation between longer-wavelength SED in-

flection points and cooler envelopes is suggested

for low-z LRDs (Section 7.2).

• The ionizing spectra of DESI LRDs, which are

softer than those of typical AGNs but harder than

those of star-forming galaxies, are most likely ex-

plained by a combination of AGN and host-galaxy

emission. In the BH envelope framework, one pos-

sibility is that AGN photons are reprocessed by the

envelope, or that they escape through low-opacity

channels or a clumpy envelope structure. (Sec-

tion 7.3).

• Finally, among all the DESI LRDs in this work,

we highlight J1717+3807 as a particularly promis-

ing target for further follow-up studies. As the

brightest and lowest-redshift object in our sam-

ple, it presents different properties from the other

three bright z < 0.3 LRDs: longer inflection

points (near Hβ+[O III]), redder blackbody peaks

(λpeak ≈ 1.16µm), indicative of a very cool BH

envelope (Tbb ∼ 2500 K), and significant variabil-

ity in i, WISE W1, and W2 bands over a baseline

of ∼ 10 yr (Section 7.4).

The most pressing question surrounding LRDs con-

cerns the nature of their central engine, their BH masses,

and their role in BH growth. BH mass estimates, as a

key to deciphering LRDs’ nature, remain uncertain. The

correlation between the Balmer luminosity and L5100

suggests that empirical BH mass estimators calibrated

for local type-1 AGNs may not be directly applicable,

and instead points toward a potential new calibration re-

lation for BH mass estimates in LRDs. Furthermore, es-

tablishing whether these systems trace a common path-

way of BH assembly requires a comprehensive charac-

terization of their structure and geometry, the physical

conditions of the absorbing gas, their variability, and the

interplay between the central engine and its circum-BH

environment and host galaxy. Addressing these ques-

tions requires mapping the full diversity of the popu-

lation and its evolution across cosmic time. Only by

tracing these properties from z > 6 to z ∼ 0 can we

establish whether LRDs mark a transient yet universal

phase of BH growth, or a phenomenon confined to spe-

cific physical conditions.

While JWST has delivered large statistical samples of

LRDs at z > 2, the low-redshift regime (z < 1) remains

a largely open frontier for the community. Our current

sample of 27 objects from DESI DR1, along with those

from SDSS in Paper I, does not yet span the full param-

eter space. Future DESI data releases (∼5× more spec-

tra), ongoing and upcoming spectroscopic surveys (e.g.,

4MOST, PFS, MUST), wide-field imaging surveys (e.g.,

CSST, Euclid, Roman, LSST, SPHEREx), and growing

JWST/NIRSpec archival datasets at z > 2, will collec-

tively enable the assembly of LRD samples across cosmic

time. In addition to the LRD population, our under-

standing of the low-z AGN population remains limited,

particularly for low-metallicity and low-luminosity sys-

tems, as well as the broader population that shares only

some of the properties of LRDs. It is also critical to

understand how these characteristics arise, how LRDs

connect to other AGN populations, and how they fit

into the broader picture of BH growth.

As the second paper in our low-redshift LRD sur-

vey series, (LRDs)2, this work establishes the selection

framework in DESI DR1 and presents an initial census.

In subsequent papers, we will expand to larger and more

complete samples, extend wavelength coverage through

ongoing follow-up observations, and develop physically

motivated models.

DATA AVAILABILITY

The DESI DR1 spectra and the measurements pre-

sented in this work are publicly available on Zenodo at

https://doi.org/10.5281/zenodo.20309303.
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APPENDIX

A. DESI DR1 LRD SAMPLE

Figures A.1 and A.2 present the SEDs and emission-line fits of the entire DESI DR1 LRD sample, excluding the

four sources already shown in Figures 2. The Gold sample (Figure A.1) comprises sources with kred > 0 at ≥ 3σ

significance, while the Silver sample (Figure A.2) includes those with kred > 0 at < 3σ significance (see Table 1).
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Figure A.1. Gold sample: DESI DR1 LRDs with kred > 0 at ≥ 3σ significance. Similar to Figure 2.
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Figure A.1. Continued.
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Figure A.1. Continued. The continuum of J161102.44+091728.60 does not have sufficient S/N to reliably constrain its SED
shape; we therefore use only its Hα emission in the analysis.
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Figure A.2. Silver sample: DESI DR1 LRDs with kred > 0 at < 3σ significance. Similar to Figure 2. Classification into
the Silver tier does not preclude LRD nature; three of these eight sources exhibit Balmer absorption features characteristic of
LRDs.
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B. THE MEASURED PROPERTIES

Name FWHMn L[O III],n LHβ,n FWHM∗
Hβ,b L∗

Hβ,b LHα,n FWHM∗
Hα,b L∗

Hα,b

(km s−1) (1040 erg s−1) (1040 erg s−1) (km s−1) (1040 erg s−1) (1040 erg s−1) (km s−1) (1040 erg s−1)

Gold sample

J0129+0628 50+1
−1 45.3+1.1

−1.2 10.4+0.4
−0.4 1045+660

−308 4.1+0.9
−1.1 34.4+1.0

−1.1 744+27
−27 138.7+1.5

−1.5

J0826–0100 85+2
−3 87.5+1.4

−1.8 22.3+1.2
−0.9 689+357

−240 80.9+16.3
−16.1 105.2+6.8

−8.3 677+128
−152 861.5+144.1

−66.0

J0829+1312 96+1
−1 283.0+3.5

−3.6 57.0+1.1
−0.9 624+76

−56 20.4+2.3
−1.9 180.7+2.3

−2.0 691+101
−97 443.2+62.6

−34.1

J0944–0249 85+5
−6 91.2+6.8

−7.1 18.8+1.5
−1.7 922+122

−124 297.5+10.1
−8.4 87.1+12.4

−14.2 552+22
−20 3261.9+90.2

−122.9

J1017+3114 79+2
−1 185.6+3.7

−3.1 32.9+1.0
−1.0 1995+197

−233 47.3+4.3
−4.4 – – –

J1025+5028 99+6
−5 162.5+10.4

−10.9 32.8+2.9
−2.6 612+139

−75 441.7+87.2
−50.8 170.7+24.9

−27.2 699+36
−41 5850.5+77.1

−75.9

J1042+3721 82+3
−3 128.8+4.4

−4.1 14.7+1.1
−1.1 1880+242

−219 105.1+8.5
−8.0 69.0+31.2

−20.8 1502+151
−154 1434.6+34.8

−37.2

J1321–0214 47+1
−1 27.8+0.2

−0.2 5.1+0.2
−0.2 211+8

−5 2.6+0.4
−0.4 13.0+0.3

−0.3 272+6
−6 41.0+0.6

−0.6

J1423+5202 71+2
−2 89.8+2.3

−1.6 15.0+0.6
−0.7 1281+515

−275 72.5+11.2
−10.0 45.7+1.7

−2.4 1248+88
−65 795.0+21.4

−28.3

J1502+0250 73+2
−2 41.6+0.9

−1.0 7.6+0.3
−0.3 607+118

−52 2.4+0.6
−0.6 22.5+0.4

−0.4 695+15
−15 103.2+1.0

−1.0

J1611+0917 79+1
−4 48.1+0.6

−1.3 26.2+1.0
−1.6 1416+347

−260 186.3+14.2
−11.6 182.7+52.4

−104.0 811+952
−33 3269.9+141.0

−1264.1

J1620+3148 63+2
−2 36.7+0.7

−0.7 5.9+0.4
−0.4 1348+445

−384 2.8+1.4
−1.1 21.8+0.5

−0.6 1314+130
−138 33.5+2.2

−2.4

J1641+0708 66+6
−6 – 13.0+0.8

−0.8 1371+358
−328 30.1+3.1

−3.1 57.3+15.9
−12.2 775+72

−82 635.4+32.4
−27.7

J1642+0426 82+2
−2 335.9+5.2

−5.3 58.6+3.4
−3.7 586+117

−97 437.4+12.1
−11.9 – – –

J1646+1426 128+1
−2 380.2+4.4

−6.3 56.8+2.2
−3.9 972+116

−127 259.3+41.6
−17.9 182.5+11.2

−11.0 878+100
−55 2793.6+117.3

−183.4

J1654+0337 59+3
−3 97.8+3.9

−3.5 19.2+1.2
−1.3 1262+642

−392 140.5+23.3
−16.0 71.0+14.1

−14.4 1082+41
−52 1730.9+72.1

−68.4

J1717+3807 129+4
−2 231.6+10.3

−4.4 46.9+12.6
−3.6 696+183

−177 19.7+7.0
−5.0 141.6+9.1

−5.5 960+201
−134 452.2+16.1

−14.5

J2127–0448 70+4
−4 78.4+4.4

−4.3 13.2+1.0
−1.1 1143+473

−354 76.6+13.6
−11.5 42.7+4.8

−3.9 921+140
−152 485.5+48.9

−36.0

J2255+1542 62+2
−2 23.2+0.5

−0.6 5.7+0.5
−0.6 1743+428

−671 5.6+1.6
−2.0 23.1+1.5

−1.1 814+124
−110 115.1+11.1

−8.6

Silver sample

J0009+0811 105+2
−2 150.3+3.1

−3.6 23.4+0.6
−0.6 468+84

−51 4.8+1.0
−0.9 81.5+1.6

−1.7 539+41
−39 87.3+2.1

−2.2

J0243+0349 85+2
−2 114.9+2.8

−2.9 17.9+0.6
−0.6 558+59

−44 11.6+1.8
−1.8 53.1+1.4

−1.5 607+27
−27 175.2+3.7

−3.7

J1056+2754 69+3
−3 124.9+5.5

−6.0 27.9+1.4
−1.4 964+819

−266 5.4+1.9
−1.8 76.1+3.1

−3.3 856+70
−68 160.7+4.5

−4.4

J1059+3149 77+7
−8 109.4+13.7

−15.3 18.4+2.7
−2.9 567+173

−139 68.5+11.0
−10.2 – – –

J1119+0219 85+2
−2 130.8+6.7

−9.6 23.2+1.0
−1.2 573+183

−104 5.8+1.5
−1.5 76.3+3.2

−3.9 742+151
−112 94.5+4.3

−4.1

J1137+5520 76+2
−3 92.4+2.7

−4.2 17.4+0.6
−0.6 521+185

−73 4.3+1.4
−1.3 64.7+8.1

−3.9 593+60
−53 123.7+4.5

−4.0

J1343+3934 64+1
−1 84.2+1.0

−1.1 17.3+0.4
−0.4 623+188

−85 5.5+0.8
−0.8 54.8+0.7

−0.7 556+22
−21 66.4+1.5

−1.3

J1909+5831 80+1
−1 42.0+0.5

−0.5 10.3+0.5
−0.5 831+659

−334 4.2+1.5
−1.4 36.0+1.1

−1.1 483+172
−111 140.4+101.7

−27.4

Table B.1. Emission-line properties of DESI DR1 LRDs. n and b denote the narrow and broad components, respectively. For
each target, the Hβ and Hα emission lines are modeled with 2–3 broad components that share the same FWHMs. FWHM∗

and L∗ denote the composite FWHM and luminosity of the broad components, defined as the summed luminosity and the
corresponding FWHM of all broad components.
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Name ∆vout L[OIII],out FWHMout LHβ,out LHα,out

(km s−1) (1040 erg s−1) (km s−1) (1040 erg s−1) (1040 erg s−1)

Gold sample

J0129+0628 -21+2
−2 15.8+1.0

−1.0 175+8
−7 2.6+0.5

−0.5 11.0+2.1
−2.0

J0826–0100 – – – – –

J0829+1312 5+2
−2 95.5+2.8

−3.0 304+7
−6 – –

J0944–0249 -24+3
−3 129.9+6.7

−6.4 263+9
−9 – –

J1017+3114 -27+2
−2 105.4+2.8

−3.4 270+7
−6 13.2+1.6

−1.4 –

J1025+5028 48+65
−35 46.1+11.4

−11.8 414+166
−82 – –

J1042+3721 -13+5
−4 62.3+3.5

−3.9 303+18
−16 – –

J1321–0214 – – – – –

J1423+5202 -27+2
−3 54.2+1.4

−2.2 293+9
−9 – –

J1502+0250 -9+5
−6 8.5+0.9

−0.8 249+22
−19 – –

J1611+0917 – – – – –

J1620+3148 -73+41
−55 5.3+1.1

−1.0 592+270
−145 – –

J1641+0708 – – – – –

J1642+0426 -30+6
−6 152.3+5.8

−5.8 459+19
−18 – –

J1646+1426 -63+5
−4 137.8+5.8

−4.0 399+9
−14 – –

J1654+0337 -30+7
−7 32.4+3.5

−3.9 213+20
−15 – –

J1717+3807 31+2
−1 103.7+4.5

−8.9 358+18
−7 3.6+8.3

−3.5 14.8+22.2
−13.1

J2127–0448 -8+3
−3 77.6+4.1

−4.0 244+10
−9 – –

J2255+1542 – – – – –

Silver sample

J0009+0811 7+5
−5 21.9+3.3

−2.8 275+26
−22 – –

J0243+0349 -0.3+3
−3 44.2+2.6

−2.5 265+13
−12 – –

J1056+2754 13+3
−2 76.0+5.8

−5.5 194+8
−8 11.0+1.4

−1.5 36.2+3.9
−3.9

J1059+3149 -7+5
−5 86.0+14.0

−13.6 200+18
−16 – –

J1119+0219 12+4
−3 30.1+9.2

−6.5 173+21
−18 2.0+1.5

−1.2 11.3+4.3
−4.0

J1137+5520 -0.4+14
−11 8.3+3.9

−2.4 233+77
−52 – –

J1343+3934 -0.1+6
−6 8.2+0.9

−0.9 254+27
−24 – –

J1909+5831 – – – – –

Table B.2. Measured properties of the ionized gas outflows. The columns show, for each source: outflow velocity, [O III]
outflow luminosity, FWHM of the outflow, Hβ and Hα outflow luminosities.
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Name λpeak Tbb logLbb TMB βMB

(Å) (K) (erg s−1) (K)

Gold sample

J0129+0628 8351+75
−82 3470+34

−31 42.49+0.01
−0.01 1122+80

−75 10.37+1.03
−0.96

J0826–0100 7363+60
−66 3936+36

−32 44.05+0.01
−0.01 3830+138

−123 0.14+0.15
−0.17

J0829+1312 12802+50
−46 2264+8

−9 44.27+0.01
−0.01 2248+33

−33 0.04+0.07
−0.07

J0944–0249 6202+26
−26 4673+20

−20 44.28+0.01
−0.01 3924+86

−84 0.93+0.12
−0.11

J1025+5028 7293+24
−26 3974+14

−13 44.65+0.01
−0.01 3165+54

−54 1.25+0.10
−0.10

J1042+3721 6781+37
−36 4274+23

−23 44.18+0.01
−0.01 4858+135

−121 -0.58+0.10
−0.10

J1321–0214 11996+44
−43 2416+9

−9 43.60+0.01
−0.01 3702+50

−50 -1.63+0.04
−0.04

J1423+5202 7282+31
−28 3980+16

−17 44.06+0.01
−0.01 3784+89

−85 0.25+0.11
−0.12

J1502+0250 9128+30
−33 3175+12

−10 43.64+0.01
−0.01 3976+77

−71 -0.96+0.07
−0.07

J1641+0708 7912+76
−80 3663+37

−35 43.65+0.02
−0.01 2184+112

−104 3.33+0.43
−0.41

J1646+1426 6706+20
−22 4321+14

−13 44.08+0.01
−0.01 1970+49

−49 5.89+0.26
−0.25

J1654+0337 7131+17
−17 4064+10

−10 44.33+0.01
−0.01 3585+52

−50 0.65+0.07
−0.07

J1717+3807 11552+10
−7 2509+2

−2 44.16+0.01
−0.01 2785+10

−10 -0.48+0.02
−0.02

J2127–0448 6690+60
−64 4332+42

−39 44.07+0.02
−0.01 6215+231

−206 -1.43+0.10
−0.10

J2255+1542 9522+66
−65 3044+21

−21 43.72+0.01
−0.01 2775+90

−90 0.47+0.18
−0.16

Silver sample

J1119+0219 14658+306
−278 1977+38

−40 43.92+0.05
−0.05 3308+192

−163 -1.87+0.17
−0.17

J1137+5520 10896+162
−143 2660+35

−39 43.53+0.05
−0.04 3421+278

−227 -1.06+0.29
−0.29

Table B.3. Modified blackbody fitting results. λpeak is the rest-frame peak wavelength of the modified blackbody (MBB) fit;
Tpeak is derived from λpeak via Wien’s law. logLbb denotes the bolometric luminosity of the MBB. TMB and βMB are the fitted
parameters of the modified blackbody (namely the characteristic temperature and emissivity index, respectively). Note: TMB

and βMB are used here purely as a phenomenological description, and are not assigned further physical interpretation.
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Figure B.1. Targets in our sample with near-infrared spectra or photometry that sufficiently sample their blackbody-like
continua and allow the peak wavelength to be determined. The spectrum and photometry shown for each object (gray lines and
squares) have been subtracted by the power-law component fitted to the continuum blueward of the inflection points.
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C. LIGHT CURVES OF J1646+1426 AND J1909+5831

In Section 6.7, we present a variability analysis of our DESI LRD sample. In addition to the robustly variable source

J1717+3807, J1646+1426 marginally satisfies the variability criteria in the ZTF i band and WISE W2, but only at

∼ 3σ significance. Its variability requires further confirmation. Its light curves are shown in Figure C.1.

J1909+5831’s WISE W1 light curve also passes the variability criteria. As shown in Figure C.2, J1909+5831 exhibits

a brightening by 1.0 ± 0.2 mag from 2010-2014 to 2016-2019. However, we note that the light curve is derived from

forced photometry anchored to the source position in the Legacy Survey images and measured on the unWISE coadds.

The source is too faint to be reliably detected in individual WISE single-exposure frames. The light curve should be

remeasured using more robust photometric methods to ensure a reliable variability assessment.

REFERENCES

20

21i (
AB

 m
ag

)

18.2

18.4

W
1 

(A
B 

m
ag

)

2010 2012 2014 2016 2018 2020 2022 2024 2026
Year

17.5

18.0

18.5W
2 

(A
B 

m
ag

)

J164637.91+142648.62

Figure C.1. The ZTF i-band and WISE W1 and W2 light curves of J1646+1426. The i-band variability is based on only 23
exposures and thus lacks statistical significance. The W2 light curve, although marginally passing our selection criteria, shows
low significance (only 3σ).

2010 2012 2014 2016 2018 2020
Year

20

22

W
1 

(A
B 

m
ag

)

J190954.15+583112.37

Figure C.2. The W1 light curve of J1909+5831.

Abazajian, K. N., Adelman-McCarthy, J. K., Agüeros,
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