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Abstract

Changing-look active galactic nuclei (CL AGNs) can be generally confirmed by the emergence (turn-on) or
disappearance (turn-off) of broad emission lines (BELs), associated with a transient timescale (about
100∼ 5000 days) that is much shorter than predicted by traditional accretion disk models. We carry out a
systematic CL AGN search by crossmatching the spectra coming from the Dark Energy Spectroscopic Instrument
and the Sloan Digital Sky Survey. Following previous studies, we identify CL AGNs based on Hα, Hβ, and Mg II
at z� 0.75 and Mg II, C III], and C IV at z> 0.75. We present 56 CL AGNs based on visual inspection and three
selection criteria, including 2 Hα, 34 Hβ, 9 Mg II, 18 C III], and 1 C IV CL AGN. Eight cases show simultaneous
appearances/disappearances of two BELs. We also present 44 CL AGN candidates with significant flux variation
of BELs, but remaining strong broad components. In the confirmed CL AGNs, 10 cases show additional CL
candidate features for different lines. In this paper, we find: (1) a 24:32 ratio of turn-on to turn-off CL AGNs; (2) an
upper-limit transition timescale ranging from 330 to 5762 days in the rest frame; and (3) the majority of CL AGNs
follow the bluer-when-brighter trend. Our results greatly increase the current CL census (∼30%) and would be
conducive to exploring the underlying physical mechanism.
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Unified Astronomy Thesaurus concepts: Active galaxies (17); Accretion (14); Active galactic nuclei (16);
Supermassive black holes (1663); Catalogs (205)
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1. Introduction

In the unification paradigm, different types of active galactic
nuclei (AGNs) or quasars33 are classified by their orientation
relative to the line of sight and the present significant flux
variation (about 10%–30%) across the entire electromagnetic
spectrum on monthly to annual timescales (Antonucci 1993;
Vanden Berk et al. 2004). The broad-line region (BLR) is
located close to the central supermassive black hole (a few
light-days' to light-months' distance). The ionized gas of the
BLR emits broad emission lines (BELs) with a smaller flux
variation amplitude than the continuum (Du & Wang 2019;
Kaspi et al. 2000). These BELs (in particular, the Balmer lines)
have been found to respond to continuum variations with a time
delay. This time delay has been used, in a technique known as
reverberation mapping, to study the geometry and kinematics
of the BLR and measure the central black hole mass (Blandford
& McKee 1982; Peterson 1993; Bentz et al. 2009; Ho &
Kim 2014; Li et al. 2018; Zhang et al. 2019; Lu et al. 2021;
Bao et al. 2022). The variation of BEL features is therefore an
effective tool for studying the formation of the BLR and the
evolution of the AGN. However, Mg II and C IV are less
responsive to the continuum variation than Balmer lines,
because of their intrinsic properties, such as weak response, the
extended BLR size, or outflows (Richards et al. 2011; Sun et al.
2018; MacLeod et al. 2019; Yu et al. 2021).

The changing-look (CL) phenomenon was originally used to
characterize X-ray-detected AGNs that change between
Compton-thick and Compton-thin (Matt et al. 2003; Temple
et al. 2023). In the optical band, the CL phenomenon is a
surprising and unusual event in which the BELs in AGN
spectra appear or disappear (from Type 1 to Type 2 or
vice versa) within just a few months or years. In low-redshift
AGNs (z< 0.1), CL could also refer to the transition between
intermediate types (such as Type 1.2, Type 1.5, Type 1.8, and
Type 1.9) that is determined by the flux ratio between Hβ and
Hα or [O III]34 (Osterbrock 1981; Cohen et al. 1986;
Winkler 1992; Denney et al. 2014; Li et al. 2022b). The
discovery of the first CL quasar, SDSS J015957.64+003310.5,
by LaMassa et al. (2015), which underwent a dramatic change
from Type 1 to Type 1.9 in just 10 yr, poses a challenge to our
understanding of the AGN unified model and the widely
accepted viscous heating timescale (hundreds of years) of a
steady accretion disk (Shakura & Sunyaev 1973; Cackett et al.
2007; Runnoe et al. 2016; Tie & Kochanek 2018; Guo et al.
2022). The study of CL AGN evolution can also shed light on
the growth and feedback processes of supermassive black holes
and the impact of AGNs on their host galaxies (Ho 2005; Wang
& Zhang 2007; Zhuang & Ho 2019; Jin et al. 2022).

Over 100 CL AGNs have been discovered based on their
Balmer-line profile transitions (MacLeod et al. 2016; Gezari
et al. 2017; Sheng et al. 2017; Frederick et al. 2019; Green et al.

2022; Hon et al. 2022; Zeltyn et al. 2022; Chen et al. 2023;
Yang et al. 2023), and dozens of CL AGNs have also been
identified based on transitions in Mg II, C III], and C IV (Guo
et al. 2019, 2020; Ross et al. 2020). However, the nature and
frequency of CL AGNs are still not well understood, and many
questions remain unanswered. For instance, the occurrence rate
of CL events in AGNs and the relationship between CL AGNs
and normal AGNs are unclear. Additionally, the mechanisms
responsible for these changes are yet to be fully understood.
Three commonly proposed possible causes are: (1) changes in
the central gas density due to the variation of the energy
radiation intensity from the nucleus or accelerating outflows
(Shapovalova et al. 2010; LaMassa et al. 2015; Ricci &
Trakhtenbrot 2023); (2) a rapid increase or decrease of the gas
density and accretion rate in the compact region originating
from tidal disruption events (Blanchard et al. 2017; Li et al.
2022a); and (3) accretion rate changes caused by BLR
evolution, accretion disk instability, or temporary accretion
events (Esin et al. 1997; Elitzur & Ho 2009; Dexter &
Agol 2011; Elitzur et al. 2014; MacLeod et al. 2019;
Śniegowska & Czerny 2020). CL AGNs may be attributed to
various mechanisms or influenced by multiple physical
processes.
To better understand the physical mechanism behind the CL

phenomenon, it is essential and pressing to conduct further
spectral monitoring of previously discovered objects and to
additionally search for new CL AGNs. There are several
effective methods to hunt for CL AGNs, including: (1)
crossmatching AGN spectra in multiple-epoch large-area
spectroscopic projects, such as those performed by MacLeod
et al. (2016), Yang et al. (2018), and Green et al. (2022); and
(2) identifying potential candidates through follow-up spectro-
scopic observations, by detecting extremely unusual variability
in optical or mid-IR light curves, as seen in studies by Sheng
et al. (2017), MacLeod et al. (2019), and Graham et al. (2020).
The Dark Energy Spectroscopic Instrument (DESI) offers an
excellent opportunity to hunt for CL AGNs, as it boasts a large
field of view, high spectral resolution, and high data generation
efficiency (as described in detail in Section 2). Another
advantage of DESI is the high sensitivity, allowing for the
identification of lower-luminosity accretion events.
We aim to explore the physical mechanism behind CL

AGNs and improve the completeness of the current sample. To
achieve this, we will utilize the spectroscopic data from DESI
and the Sloan Digital Sky Survey (SDSS). The DESI project
will provide nearly three million quasar spectra over the next 5
yr, while the SDSS project has already identified 750,414
quasars. By crossmatching the AGN spectra from these two
projects, we will be able to compile a large sample of CL
AGNs and study their behaviors. Previous studies have
primarily focused on Balmer-line (Hα and Hβ) CL AGNs at
redshifts z< 0.7 (MacLeod et al. 2016, 2019; Yang et al. 2018;
Graham et al. 2020; Green et al. 2022). Since high-ionization
BELs are thought to connect the inner region of the accretion
disk and the BLR (Guo et al. 2019; Ross et al. 2020), we aim to
study CL AGNs for several major BELs at all redshifts,
including Hα, Hβ, Mg II, C III], and C IV. Therefore, we will

33 CL quasars refer to the most luminous cases with bolometric luminosities
Lbol > 1044 erg s−1, but we do not distinguish based on luminosity in this work
and use CL AGN for the full range.
34 In this paper, we define an intermediate-type transition as a CL candidate
where the broad component is still present.
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divide the sample into two parts, based on redshift (z� 0.75
and z> 0.75), to search for CL AGNs in both the rest-frame
UV and optical wavelengths. The results of this study will
provide crucial insights into the properties of CL AGNs and
contribute to our understanding of the AGN population.

The paper is structured as follows. In Section 2, we describe
the data from the DESI and SDSS projects. Section 3 outlines
the process for selecting our target sample, including the use of
both visual inspection (VI) and spectral variability definitions
to identify CL objects. In Section 4, we present our findings on
the five BEL CL behaviors, and upper-limit timescales, and
discuss potential physical origins. The paper concludes with a
summary in Section 5. Throughout, we adopt a ΛCDM
cosmology with H0= 67 km s−1 Mpc−1, ΩΛ= 0.68, and
Ωm= 0.32, as reported by Planck Collaboration et al. (2020).

2. Data

2.1. DESI

DESI35 uses the NOIRLab 4 m Mayall telescope (8 deg2

field view) at Kitt Peak with the aim of constraining the nature
of dark energy and probing cosmological distances through the
baryon acoustic oscillation technique (Levi et al. 2013; DESI
Collaboration et al. 2016a, 2016b; Miller et al. 2023; Schlafly
et al. 2023; Silber et al. 2023; D. Kirkby et al. 2024, in
preparation; A. Raichoor et al. 2024, in preparation). DESI is
carrying out the largest ever multiobject and high-efficiency
spectral survey (5000 spectra in a single exposure) and plans to
measure 40 million galaxies and quasars within 5 yr (DESI
Collaboration et al. 2016a, 2022; Allende Prieto et al. 2020;
Zhou et al. 2020; Raichoor et al. 2023). The DESI program will
accumulate about three million quasar spectra to measure large-
scale structures in the main survey (Ruiz-Macias et al. 2020;
Yèche et al. 2020; Hahn et al. 2023; Lan et al. 2023). Since the
limiting magnitude of DESI in the r band reaches about
23 mag, DESI has a unique opportunity to discover fainter and
higher-redshift quasars than any previous survey, quadrupling
the number of quasars discovered by SDSS (Zou et al. 2018;
Alexander et al. 2023; Chaussidon et al. 2023). Besides the
strengths in quantity and depth, three optical channels (blue:
3600–5900Å; green: 5660–7220Å; and red: 7470–9800Å)
also provide an excellent spectral resolution (blue: R∼ 2100;
green: R∼ 3200; and red: R∼ 4100; Abareshi et al. 2022).

Guy et al. (2023) describe the spectroscopic data processing
pipeline in detail and the references therein present the target
selection and validation (Alexander et al. 2023; Cooper et al.
2023; Lan et al. 2023; Myers et al. 2023; Raichoor et al. 2023;
Zhou et al. 2023). Before the start of the main survey, data from
the Survey Validation (SV) were visually inspected to check
the spectroscopic quality and redshift reliability (DESI
Collaboration et al. 2023a, 2023b), improve the standard DESI
spectroscopic pipelines, such as the “Redrock” and “after-
burner” codes, and reduce the number of misclassified quasars
(Alexander et al. 2023).

With a large sample of quasars and high-quality spectra,
DESI offers unprecedented advantages for identifying CL
AGNs. Since DESI has the advantage of observing fainter
AGNs than SDSS, more turn-off CL AGNs are expected to be
discovered. In this project, we used 347,201 quasar spectra and
2,955,168 galaxy spectra reduced by the DESI pipeline (based

on the SPECTYPE from “Redrock”) with ZWARN= 0
(S. Bailey et al. 2024, in preparation; Brodzeller et al. 2023),
indicating reliable spectroscopic redshift measurements, which
contain SV (named as “fuji”) and the first two months of Year 1
data (named as “guadalupe”; DESI Collaboration et al. 2023b).
The data of “fuji” are published as part of the Early Data
Release, and “guadalupe” will be published at the same time as
Data Release 1 (DR1; Alexander et al. 2023; DESI Collabora-
tion et al. 2023a; Lan et al. 2023; Raichoor et al. 2023).

2.2. SDSS/BOSS/eBOSS

In addition to the DESI data, we used the SDSS36

spectroscopic data, which cover a large region of the sky and
have millions of spectra of galaxies and quasars (Gunn et al.
2006). The SDSS spectroscopic database provides additional
high-quality data for the comparison and validation of the DESI
redshift measurement. SDSS is carried out on a 2.5 m Sloan
telescope at Apache Point Observatory and has provided a
large database of quasar and galaxy spectra through four stages
of projects (SDSS-I, SDSS-II, SDSS-III/BOSS, and SDSS-IV/
eBOSS; Abazajian et al. 2009; Alam et al. 2017; Lyke et al.
2020). The spectra have a wavelength coverage of
3900–9100Å or 3600–10400Å and a resolution of R∼ 2000
for quasars and galaxies (Eisenstein et al. 2011; Smee et al.
2013). All the SDSS spectra are reduced with the SDSS-I/II
and BOSS data pipelines (Stoughton et al. 2002; Bolton et al.
2012). In this study, we have used 750,414 quasar spectra from
the SDSS Data Release 16 Quasar (DR16Q) catalog released
by Lyke et al. (2020) and 4,930,400 galaxy spectra from DR16
(Ahumada et al. 2020).

2.3. Image Survey and Light Curve

Motivated by the target selection for DESI, the DESI Legacy
Surveys37 team utilized a deep and large-area image survey
(Dey et al. 2019). The survey comprised three projects: the
Dark Energy Camera Legacy Survey, the Beijing–Arizona Sky
Survey, and the Mayall z-band Legacy Survey, which covered
approximately 14,000 deg2 of extragalactic sky, including
9900 deg2 in the North Galactic Cap and 4400 deg2 in the
South Galactic Cap (Flaugher et al. 2015; Zhou et al. 2023;
D. Schlegel et al. 2024, in preparation). The survey was
conducted using three optical/IR bands, reaching approximate
AB magnitudes of g= 24.0, r= 23.4, and z= 22.5 (Dey et al.
2019). We used the DESI Legacy Survey photometric
magnitude to describe the distribution of the final CL AGN
sample.
To test the flux calibration of the target using the long-term

light curve of photometry, we utilized various surveys and
facilities, including the Catalina Real-time Transient Survey
(CRTS; Drake et al. 2009), Pan-STARRS1 (PS1; Chambers
et al. 2016), the Palomar Transient Factory (PTF; Law et al.
2009), and the Zwicky Transient Facility (ZTF; Masci et al.
2019). First, we obtained the magnitude of pseudophotometry
by convolving the target’s spectrum with the corresponding
filter response function. This process allows us to calculate the
observed magnitude in a specific bandpass. By analyzing the
consistency between the pseudophotometry magnitude and the
observed light curve, we can identify any discrepancies or

35 https://www.desi.lbl.gov/

36 https://www.sdss.org/
37 http://legacysurvey.org/
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inconsistencies that may indicate calibration issues or instru-
ment problems affecting the identification of CL AGNs, such
as SDSS fiber drop. We remove 121 spurious CL AGNs to
ensure the reliability of the final CL AGN sample in
Section 3.4.

2.4. Data Preprocessing

To facilitate the subsequent analyses, including spectrum
inspection, defining the change of the flux threshold, and
sample selection, we corrected the spectra for galactic
extinction by using the galactic extinction curve of Fitzpatrick
(1999), by assuming RV= 3.1. After that, we shifted the
spectrum to the rest frame.

Since the spectra of SDSS and DESI have different
wavelength coverages and resolutions, the flux variation cannot
be obtained directly by subtraction with two original spectra.
Therefore, we rebin both spectra into the same wavelength grid
for flux and its variance (2Å per pixel) to be able to reliably
compare and subtract the SDSS and DESI spectra.

3. Sample Selection

Although DESI has more than one spectrum for some
targets, we only use one epoch of DESI for each target and
remove any duplicates. This approach does not affect the
results of our study, as the time interval between the different
epochs of DESI spectra is within 1 yr, which is usually shorter
than the timescale of most CL objects (for more details, see
Section 4.2).

The sample selection process for the CL AGNs in this study
involves four steps: (1) build a parent sample of AGNs that are
observed by both DESI and SDSS; (2) a first stage of the VI of
spectra (both SDSS and DESI) to select CL candidates; (3) set
the selection criteria with a variability definition to automati-
cally identify the CL AGNs in the parent sample; (4) [O III]-
based calibration for those AGNs at z� 0.75 to remove
spurious objects; and (5) a second stage of the VI of spectra to
remove spurious CL AGNs by comparing the long-term light
curve with the pseudophotometry obtained.
We define the parent sample in Section 3.1, describe the

target selection and spectral classification diagnosis by VI in
Section 3.2, identify the final CL catalog by the spectral
variability definition in Section 3.3, and carry out an [O III]-
based calibration and pseudophotometry check to remove
spurious CL candidates in Section 3.4.

3.1. Parent Sample

We used all the spectra from the DESI catalog and the SDSS
DR16 catalog to systematically search for the CL AGNs or
candidates. To obtain a parent sample of AGNs with two
epochs of spectra, we crossmatched the DESI spectra catalog
with the SDSS catalog using a 1″ separation, including both
quasars and galaxies. After that, we obtained SDSS spectra of
the matched sample through the Science Archive Server
(SAS).38 We note here that about 4% of spectra are missing

Figure 1. The histograms for the redshift (left) and r-band magnitude (right) from the DESI Legacy survey are shown. The top panels display the total parent sample
(gray) and the three crossmatched groups (blue, orange, and green). The middle panels represent the distributions of CL AGNs found in the three crossmatched groups.
The bottom panels show the distributions of CL AGNs with the transition states of turn-on (dark blue) and turn-off (maroon). Note that the r-band magnitude refers to
the mean magnitude obtained from the image of the DESI Legacy Survey, which encompasses the period from 2014 to 2018.

38 https://dr16.sdss.org/optical/spectrum/search
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through SAS downloading, which is possibly due to the data
quality.

Although the spectral classification pipelines of SDSS and
DESI perform very efficiently, those objects with indistinct
BEL characteristics or low-quality spectra could be leading to a
misclassification of the spectral type (Alexander et al. 2023;
Lan et al. 2023), especially for CL AGNs. As pointed out by
many previous works (MacLeod et al. 2016; Yang et al. 2018;
Green et al. 2022), the CL AGNs in a low state might be
classified as galaxies because the BELs and blue continuum are
no longer the dominant features. Therefore, we also included
crossmatched results between AGNs with galaxies. Specifi-
cally, we divided the sample into three groups: group I (DESI
quasars and DR16 quasars), group II (DESI galaxies and DR16
quasars), and group III (DESI quasars and DR16 galaxies).
Finally, we built up a parent sample containing 82,653 matched
AGN spectrum pairs (at least one source in the crossmatch is
marked as an AGN). Figure 1 displays the redshift and r-band
magnitude distributions of our parent sample and three
different group samples.

Since previous works focus on the Hα and Hβ CL
phenomenon (MacLeod et al. 2016, 2019; Green et al. 2022),
we divided the DESI spectra into two subsamples according to
redshift to search for: (1) CL AGNs defined by Hα, Hβ, and
Mg II at z� 0.75; and (2) CL AGNs defined by Mg II, C III],
and C IV at z> 0.75. Another reason why we set z = 0.75 as
the boundary between the two subsamples is that we can use
[O III], which can be observed in SDSS spectra out to z∼ 0.8,
to test the variability definition and estimate the final CL
sample purity at z> 0.75, which required the inclusion of both
Hβ and [O III] in the spectra (for more details, see Section 3.4).
The number of AGNs in each of the three groups at z� 0.75
and z> 0.75 are given in Tables 1 and 2, respectively. One
might expect that a CL event would always have one epoch
classified as an AGN and another as a galaxy (groups II and

III). However, we find that most often both are classified as
AGNs (group I), since some CL AGNs in the dim state may not
completely lose the broad components or these objects are still
in the period of transition. More importantly, the quasar
samples were classified by the standard pipeline “Redrock” or
“QuasarNET” for both SDSS and DESI with about 86%
completeness, which means some AGNs, such as host-galaxy-
dominated AGNs, may be contained in the galaxy sample
(Lyke et al. 2020; Alexander et al. 2023).

3.2. VI

Previous studies effectively diagnose CL AGNs based on the
VI of large-area sky surveys (MacLeod et al. 2016, 2019; Yang
et al. 2018; Green et al. 2022). Since the appearance or
disappearance of BELs may be within a continuous process of
spectral enhancement or weakening, it is a challenge to
quantitatively describe the CL behavior with only two
randomly sampled spectra. As mentioned by Green et al.
(2022), a standard CL AGN target selection process starts with
a VI to discard those spectra that have poor quality, large
measurement errors, or wrong redshift identifications.
In this project, we also carry out the VI of the parent sample

for three purposes. First, we need to remove those fake CL
AGNs whose behavior might be caused by spectrum defects
and/or disagreements between the SDSS and DESI redshifts.
For example, the absorption associated with the C IV line (for
example, broad-absorption-line AGNs; Rogerson et al. 2018)
would impact the accuracy of the total BEL flux. Second, since
the wavelength region of Hα contains strong narrow emission
lines (narrow Hα and [N II]), the variation of the BEL flux
determined by the integration method could be affecting the
selection. We inspect all the Hα CL candidates to confirm they
are indeed CL AGNs in the selection program (see the details
in Section 4).
Third, the final spectral variability definition that we apply is

the automatic checker, which was established based on the
results from the VI and the run on all the parent samples (see
Section 3.3). In conclusion, the VI check is a crucial step in

Table 1
The Selection of CL AGNs and Candidates (Hα, Hβ, and Mg II) from DESI

for z � 0.75

Group I Group II Group III N∑ Note
(1) (2) (3) (4) (5)

32,038 32,038 2,955,168 3,019,244 Quasars or galaxies
in DESI

4239 1814 2547 8600 Crossmatch with DR16
within 1″

4073 1742 2181 7996 Available spectra
through SAS

1 1 0 2 Hα CL AGNs
21 3 10 34 Hβ CL AGNs
2 1 3 6 Mg II CL AGNs
24 5 13 42 Total CL AGNs
0.59% 0.28% 0.59% 0.53% CL AGN ratio

5 1 1 7 Hα CL candidates
13 0 3 16 Hβ CL candidates
5 1 4 10 Mg II CL candidates
23 2 8 33 Total CL candidates
0.56% 0.11% 0.37% 0.41% CL candidate ratio

Notes. Column (1): AGN number in group I (DESI quasars and DR16
quasars). Column (2): AGN number in group II (DESI galaxies and DR16
quasars). Column (3): AGN number in group III (DESI quasars and DR16
galaxies). Column (4): the total number of AGNs from groups I, II, and III.

Table 2
The Selection of CL AGNs and Candidates (Mg II, C III], and C IV) from DESI

for z > 0.75

Group I Group II Group III Nsum Note
(1) (2) (3) (4) (5)

315,163 315,163 2,955,168 3,585,494 Quasars or galaxies
in DESI

66,813 8925 2781 78,519 Crossmatch with DR16
within 1″

64,276 8213 2168 74,657 Available spectra
through SAS

2 0 1 3 Mg II CL AGNs
16 2 0 18 C III] CL AGNs
1 0 0 1 C IV CL AGNs
19 2 1 22 Total CL AGNs
0.03% 0.02% 0.04% 0.03% CL AGN ratio

4 1 1 6 Mg II CL candidates
10 0 0 10 C III] CL candidates
5 0 0 5 C IV CL candidates
19 1 1 21 Total CL candidates
0.03% 0.01% 0.04% 0.03% CL candidate ratio

Note. The columns are the same as in Table 1.
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searching for CL AGNs and candidates in large sky surveys, as
it helps to remove false-positive results and establish a reliable
spectral variability definition.

3.3. Spectral Variability Definition (Selection Criteria)

Before defining the variability of the BEL, we require that
the median signal-to-noise ratio (S/N) per pixel is at least
greater than 1 for both the DESI and SDSS spectra. In previous
studies (e.g., MacLeod et al. 2016; Yang et al. 2018; Graham
et al. 2020; Green et al. 2022; Temple et al. 2023), a variety of
criteria were chosen to describe the CL behavior of the BELs.
Based on these previous studies, we adopt three spectrum
parameters (Nσ, R, and sF ,dim) to accurately describe the CL
phenomenon.

Nσ is defined as the significance in the variation of the BEL
maximum flux and is a widely used definition applied for Hβ
CL AGNs (MacLeod et al. 2019; Green et al. 2022), being the
flux deviation between the dim spectrum and bright spectrum:

s s= - +s ( ) ( )N f f , 1bright dim bright
2

dim
2

where f and σ are the spectral flux and variance, respectively, in
erg cm−2 s−1Å−1. Green et al. (2022) smoothed the Nσ(Hβ)
array, subtracted the Nσ(4750Å) by the flux deviation array, and
found the maximum relative value of b b¢ = -s s( ) ( )N NH H

s ( Å)N 4750 . The AGNs with b¢ >s ( )N H 3 are considered to be
CL objects (see Green et al. 2022, Section 3.5, for details).
Although this determination is effective at determining the “BEL
disappeared or appeared” behavior, they also noticed that their
selection criteria were very sensitive to minor BEL changes if
the spectrum S/N was sufficiently high, which can be seen in
several of the CL objects discovered in MacLeod et al. (2019)
and Green et al. (2022).

In this paper, we aim to define a variability definition that
can recreate our VI results and is also less biased by the S/N
spectrum. We use the maximum value of the smoothed Nσ> 3
objects without the subtraction of Nσ(4750Å) as the first
determination of the BEL variation, to limit the overall
variation of both the continuum and BELs.

The second parameter (R) is defined as the ratio of the
integrated BEL flux in the high-state spectrum to the integrated
BEL flux in the low-state spectrum, which is used to constrain
the total flux change of the BELs. As mentioned and inspired
by MacLeod et al. (2019), we further adopt the R value to
constrain the overall BEL flux change, which is defined as:

= -( ) ( )R F F F , 2bright dim dim

where Fbright or Fdim is the BEL total flux. Integration and
spectral fitting are two widely used tools to obtain the BEL flux
in the field of reverberation mapping (Peterson 1993; Hu et al.
2020). The integration method used in this work provides a
quick and easy way to measure the BEL flux, which is suitable
for the massive AGN data set released by DESI. We note that
the accuracy of the integration may be affected by the host
contribution or optical (or UV) Fe II lines. By subtracting the
continuum as a straight line defined by two continuum
windows, the BEL flux is measured by a simple integration
method (see the details in Figure 2 of Hu et al. 2020). The BEL
integration windows are carefully adjusted to ensure the best
match with the first stage of the VI results. The information on
the integration windows is listed in Table 3.
If we assume that the [O III] flux is unchanged, the R

value we use is the same as the criterion defined in Winkler
(1992):

= -b

b
( )[ ]

[ ]
R

F F

F F
1. 3

bright,H bright, O

dim,H dim, O

III

III

An AGN would be classified as different subtypes if the Hβ
and [O III] flux ratio change were larger than 1.5, such as
from Type 1.2 to Type 1.5 or from Type 1.5 to Type 1.8 (see
the definition in Winkler 1992 for details), which we would
refer to as a CL candidate in our sample. Based on Hβ, we
adopt R> 1.5 as the CL candidate selection criterion for
all BELs.
The last parameter sF ,dim represents the significance of the

weak BEL, which is calculated from the dim spectrum:39

å ås=s ( )F f . 4,dim dim dim
2

Since the narrow-component emission lines (such as narrow
Hβ and [N II]) could exist in the dim spectra to increase the
sF ,dim value, we take a different sF ,dim value for Balmer lines
and other lines. Another reason for the lower sF ,dim value for
the other lines is mainly due to the lower S/N for high-
redshift AGNs.
When the S/N is high enough, the AGNs with a tiny broad

component may be categorized as CL candidates. Compared
with the weak component, we care more about the flux
variation ratio. Thus, in the case of R> 1.5, we restrict

<sF 5,dim for Balmer lines ( <sF 3,dim for the other lines) as
the criterion for CL AGNs. As R increases, we lower the limit

Table 3
The Information of Five BELs in AGNs

Line λ (Å) Window (Å) Window B1 (Å) Window B2 (Å) CL AGNs CL Candidates Mechanism
(1) (2) (3) (4) (5) (6) (7) (8)

C IV 1548.187, 1550.772 1510–1590 1460–1510 1590–1640 1 5 Collisional excitation
C III] 1906.683, 1908.734 1850–1970 1820–1850 1970–2000 18 10 Collisional excitation
Mg II 2795.528, 2802.705 2750–2850 2680–2720 2880–2920 9 16 Collisional excitation
Hβ 4861.333 4780–4940 4730–4770 5030–5080 34 17 Recombination
Hα 6562.819 6450–6700 6420–6450 6750–6790 2 7 Recombination

Note. Column (1): BEL name. Column (2): BEL wavelength. Column (3): BEL integration windows. Column (4): Left continuum windows. Column (5): Right
continuum windows. Column (6): number of CL AGNs found in DESI. Column (7): number of CL candidates found in DESI. Column (8): physical mechanism of
the BEL.

39 For a turn-on CL AGN, the SDSS spectrum is at the dim state. If a CL AGN
is marked as a turn-off, the dim spectrum will be from DESI.
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of sF ,dim and use a straight line to divide CL AGNs and
candidates with =sF R3.33,dim for Balmer lines or

=sF R2.0,dim for the other lines, as plotted in Figure 2.
By combining these three parameters, we can accurately

describe the CL behavior of the BELs. As mentioned before,
our CL AGNs are mainly for the transition between type 1.x to
type 1.9, while the CL candidates are mainly an intermediate
transition, similar to those from type 1.2 (1.5) to 1.5 (1.8) for
Hβ. The final variability definitions of these parameter
thresholds are also established based on the results from the
VI check and the comparison with previous studies. The final
selection criteria for CL candidates and AGNs are:

1. CL candidates: >s( )NMax 3, R> 1.5;
2. CL AGNs for Hα and Hβ: >s( )NMax 3,

R> 1.5, <sF R3.33 ;,dim and
3. CL AGNs for Mg II, C III], and C IV: >s( )NMax 3,

R> 1.5, <sF R2.0,dim .

It is important to keep in mind that these parameter thresholds
are tentative and may need to be refined or adjusted based on
future large data sets. This selection method is expected to be
less biased by the spectral S/N and provide a robust and
efficient way to identify CL AGNs in the DESI project. We
also note that spectral decomposition may result in identifying
weak broad components, even though the BELs disappeared in

Figure 2. Distribution of CL AGNs in parameter spaces of Max(Nσ) vs. R (left panel) and parameter spaces of R vs. sF ,dim (right panel). The solid scatters represent the
measurements of all AGN parameters (the Hβ or Mg II lines in the spectrum). The hollow triangles and pentagons represent the final CL AGNs and CL candidates
after the second stage of VI. The gray shading shows the parameter thresholds for CL AGNs. The dashed gray lines are the corresponding boundaries.
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the VI results. Therefore, regardless of whether the BEL is
disappearing or not, CL candidates and CL AGNs may be
incorrectly identified due to the coincidence of spectral
sampling or weak BEL flux covered by the host galaxy (this
will be discussed in Section 4.3).

In Figure 2, you can see there is a clear correlation between
these three parameters, revealed by plotting two parameters and
color-coding the third. The population of AGNs does show a
continuum of these parameters, with the CL AGNs at the most
extreme end of the distribution. However, these plots make it
clear that the most important parameter for distinguishing CL
AGNs is the R parameter, with CL AGNs sitting in a very
sparsely populated region of R values. The log scale in these
plots shows that the R values of CL AGNs are typically orders

of magnitude higher than most AGNs. On the other hand, CL
AGNs are in the same s( )NMax range as about one-third of the
AGNs in our sample and they are in the same sF ,dim range as
about one-fifth of the sample.

3.4. Flux Calibration Check

Several previous studies carried out a further flux calibration
based on either an [O III] (5007Å) calibration or using a
photometric light curve to exclude fiber position and/or
aperture issues introduced from the program selection (Yang
et al. 2018; MacLeod et al. 2019; Green et al. 2022). In this
work, we combine both methods to further check the selected
CL AGNs.

Figure 3. Five CL AGN example spectra of Hα (top left), Hβ (top right), Mg II (middle left), C III] (middle right), and C IV (bottom) found in DESI. In each figure, the
top panel displays the spectral pseudophotometry with red (blue) “x” markers for DESI (SDSS) and the light curves from CRTS (stars), PS1 (triangles), PTF
(pentagons), and ZTF (dots) when available. The bottom left panel shows the smoothed SDSS and DESI spectra, represented by the blue and red lines, respectively
(the shaded region corresponds to the original spectrum). The spectra are derived from survey pipelines and have been corrected for galactic extinction and shifted to
the rest frame (without [O III]-based calibration). Note that the DESI spectrum covers less flux from the host galaxy than SDSS in 221044.76+245958.0 (Figure 4).
The gray line in the lower right panel represents the difference between the two spectra, obtained by subtracting the dim spectrum from the bright one. The black
dashed vertical lines indicate the presence of Hα, Hβ, Mg II, C III], C IV, and Lyα lines. The red and green blocks represent the CL line features and candidate
features, respectively.

8

The Astrophysical Journal Supplement Series, 270:26 (18pp), 2024 February Guo et al.



Table 4
Sample Properties for the CL AGNs Presented in This Study

Object Name R.A. Decl. Redshift g (mag) r (mag) z (mag) MJD1 MJD2 Nσ R sF ,dim Transition Line
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)

075448.10+345828.5 118.7004 34.9746 0.7311 21.49 21.50 20.92 55488 59226 5.22 2.85 6.70 Turn-off Hβ
085913.72+323050.8 134.8072 32.5141 1.1217 20.48 20.18 20.35 52989 59226 7.89 3.32 3.41 Turn-on C III]
095035.55+321601.0 147.6482 32.2670 1.7181 20.59 20.54 20.33 56325 59280 4.40 2.24 4.46 Turn-on C III]

4.32 2.13 3.18 Turn-on Mg II

103818.29+332437.2 159.5762 33.4103 1.2028 21.10 20.65 20.63 58497 59224 3.93 2.40 3.19 Turn-on C III]
113737.38+511839.9 174.4058 51.3111 1.0671 20.70 20.48 20.39 56416 59307 4.34 2.68 1.51 Turn-off C III]
115103.77+530140.6 177.7657 53.0280 0.5475 22.22 21.83 20.78 57423 59307 3.76 49.49 0.09 Turn-off Mg II

8.05 7.27 2.06 Turn-off Hβ
115210.24+520205.1 178.0427 52.0347 0.6179 21.33 21.36 20.97 56416 59307 4.10 4.53 2.52 Turn-on Hβ
115403.00+003154.0 178.5125 0.5317 0.4484 21.10 20.21 19.44 51943 59312 4.92 6.35 1.20 Turn-off Hβ

5.79 8.28 1.41 Turn-off Mg II

121033.30-011755.6* 182.6388 −1.2988 0.5434 20.03 20.04 19.49 52367 59314 14.60 7.46 5.96 Turn-off Hβ
122319.70+312737.0 185.8321 31.4603 1.5188 21.89 21.54 21.24 58488 59291 3.60 2.72 2.58 Turn-on Mg II

125545.34+232348.0 193.9390 23.3967 0.5096 21.18 21.20 20.51 56312 59338 3.92 2.45 4.39 Turn-off Hβ
125610.42+260103.4 194.0434 26.0176 1.1957 20.57 19.89 19.94 54505 59337 3.81 4.80 2.34 Turn-on C III]
133044.43+072628.8 202.6851 7.4413 0.4634 19.48 19.44 19.11 53556 59370 6.15 2.77 4.84 Turn-off Mg II

7.89 3.18 4.90 Turn-off Hβ
133344.70+335622.7 203.4363 33.9396 1.1452 21.50 21.12 21.30 58492 59292 4.38 3.09 2.82 Turn-on C III]
134037.05+131819.2 205.1544 13.3054 0.3478 20.78 19.82 19.08 53858 59372 7.61 2.76 3.95 Turn-off Hβ
134554.00+084537.3 206.4750 8.7603 0.6020 20.76 20.37 20.21 55973 59371 4.27 3.68 5.28 Turn-on Mg II

135613.60+001958.6 209.0567 0.3330 2.3286 21.62 21.45 21.21 55631 59376 4.19 2.58 4.89 Turn-off C IV

135624.58+350813.1 209.1025 35.1370 0.7983 22.18 21.66 20.74 55268 59350 5.03 3.68 2.86 Turn-off Mg II

135801.62+115331.8 209.5068 11.8922 0.2667 20.60 19.68 19.14 53144 59378 10.86 6.76 4.45 Turn-off Hβ
140659.07+032601.9 211.7461 3.4339 0.5995 19.94 19.86 19.57 52045 59377 6.32 2.24 7.09 Turn-off Hβ
140957.72-012850.5 212.4905 −1.4807 0.1352 19.05 18.21 17.49 55383 59338 10.18 2.47 6.23 Turn-off Hβ
141535.46+022338.7 213.8977 2.3941 0.3519 20.50 19.49 18.60 51994 59370 16.25 9.36 14.27 Turn-off Hα

16.23 15.84 3.64 Turn-off Hβ
141801.50+525200.7 214.5063 52.8669 1.1555 21.98 21.50 21.02 56755 59314 3.27 5.63 1.82 Turn-off C III]
141923.44-030458.7 214.8477 −3.0830 2.6846 20.47 20.39 20.34 55333 59368 4.52 3.18 1.94 Turn-on C III]
142641.03+521214.3 216.6710 52.2040 1.0493 21.48 21.19 20.94 56448 59260 3.70 70.89 0.04 Turn-on C III]
144003.98+061936.5 220.0166 6.3268 0.5395 19.44 19.31 18.96 55684 59377 8.43 2.54 6.20 Turn-on Hβ
144051.17+024415.8 220.2132 2.7377 0.3963 20.09 19.77 19.10 55620 59379 7.56 5.08 2.68 Turn-off Hβ
145913.90+360051.4 224.8079 36.0143 0.5526 20.52 20.10 20.08 53121 59351 8.26 3.67 3.89 Turn-on Hβ
152517.57+401357.6 231.3232 40.2327 0.3838 19.99 19.77 19.24 58175 59354 7.38 5.25 3.75 Turn-off Hβ
152551.37+184552.0 231.4640 18.7645 0.4360 19.59 18.84 18.47 54328 59370 8.42 15.78 1.06 Turn-off Hβ
152908.75+083203.5 232.2865 8.5343 2.6581 21.03 20.76 20.57 56002 59366 4.55 4.29 1.91 Turn-on C III]
153149.94+372755.4 232.9581 37.4654 0.9951 20.94 20.85 20.81 58230 59351 3.76 1.92 3.37 Turn-off C III]
153714.41+454347.7 234.3101 45.7299 0.4688 21.09 20.24 19.28 52781 59385 8.87 3.40 5.64 Turn-off Mg II

9.28 12.18 1.31 Turn-off Hβ
153938.92+373853.8 234.9122 37.6483 1.4187 22.57 21.90 21.91 58258 59375 3.71 2.16 3.74 Turn-on C III]
154742.72+012541.0 236.9280 1.4281 0.6879 19.86 19.88 19.66 55359 59352 14.93 3.10 8.47 Turn-on Hβ
155426.13+200527.7 238.6089 20.0910 0.5215 22.21 20.94 20.09 55332 59374 6.71 11.48 0.89 Turn-off Mg II

5.42 105.42 0.11 Turn-off Hβ
160047.63+331310.7 240.1985 33.2196 0.3608 20.01 19.35 18.59 53142 59358 10.67 2.11 6.63 Turn-off Hβ
160139.10+412529.3 240.4130 41.4248 0.4645 21.35 20.56 19.58 52824 59354 9.89 3.01 4.57 Turn-off Hβ
160310.99+432928.9 240.7958 43.4914 0.4923 20.33 20.03 19.35 52756 59321 8.37 5.21 8.68 Turn-off Hβ
160337.12+242513.9 240.9047 24.4205 0.7058 22.13 22.14 21.17 55327 59376 9.62 2.89 9.28 Turn-off Hβ
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Table 4
(Continued)

Object Name R.A. Decl. Redshift g (mag) r (mag) z (mag) MJD1 MJD2 Nσ R sF ,dim Transition Line
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)

160730.20+560305.5 241.8759 56.0515 0.7172 21.62 21.35 20.70 56430 59311 6.57 2.61 3.59 Turn-on Hβ
161542.41+233143.9 243.9267 23.5289 0.5757 20.48 20.10 19.67 55331 59376 7.36 2.41 4.31 Turn-off Hβ
161903.04+540529.0 244.7627 54.0914 0.6033 20.76 20.78 20.43 58248 59311 5.09 4.24 2.65 Turn-on Hβ
162106.25+371950.7 245.2761 37.3307 1.3883 21.28 20.89 20.96 58247 59350 3.84 1.83 2.16 Turn-off C III]
162829.18+432948.5* 247.1216 43.4968 0.2599 19.80 19.22 18.73 52057 59316 9.53 4.22 8.11 Turn-off Hβ
164331.90+304835.5 250.8830 30.8099 0.1837 19.71 18.75 18.09 52793 59386 12.69 35.76 0.67 Turn-off Hβ
164709.87+532202.2 251.7911 53.3673 1.2008 21.45 21.03 20.93 57190 59383 7.06 3.72 4.89 Turn-on C III]
164725.15+351754.3 251.8548 35.2985 0.6886 20.95 20.91 20.82 55828 59312 4.64 12.35 0.71 Turn-on Hβ
164900.95+452016.8 252.2540 45.3380 0.5806 20.50 20.48 20.18 58021 59354 6.49 2.03 5.12 Turn-on Hβ
213135.84+001517.0 322.8994 0.2547 2.4755 21.68 21.39 20.79 55450 59382 4.95 3.07 2.59 Turn-on C III]
213400.68+013828.4 323.5029 1.6412 0.9973 20.87 20.61 20.52 58040 59380 4.20 20.09 0.56 Turn-on C III]
213628.50-003811.8 324.1188 −0.6366 2.2368 21.94 22.02 21.34 55450 59382 4.89 4.17 2.35 Turn-off C III]
221044.76+245958.0 332.6865 24.9995 0.1199 20.14 19.02 18.19 56213 59392 3.67 5.33 5.52 Turn-on Hβ

3.05 1.82 55.05 Turn-on Hα
221925.57+272806.4 334.8566 27.4685 0.2282 20.60 19.58 18.84 57575 59392 19.17 3.14 5.57 Turn-off Hβ
223440.56+272437.9 338.6690 27.4105 1.0203 21.00 20.72 20.68 57654 59403 4.03 7.81 0.66 Turn-on C III]
224657.70-003242.5 341.7404 −0.5451 0.4157 20.43 19.75 18.98 52590 59404 4.22 3.38 6.68 Turn-on Hβ

Notes. Column: (1) name. Column (2): R.A. Column (3): decl. Column (4): redshift. Column (5): photometric magnitude for g band. Column (6): photometric magnitude for r band. Column (7): photometric magnitude
for z band. Column (8): MJD for SDSS spectrum. Column (9): MJD for DESI spectrum. Column (10): Flux deviation from Equation (1). Column (11): flux change ratio from Equation (2). Column (12): the significance
of the BEL. Column (13): CL type. Column (14): target BEL. We note that the three targets with asterisks have been replicated from other studies. (121033.30-011755.6 refers to MacLeod et al. 2019, while 162829.18
+432948.5 refers to Zeltyn et al. 2022).
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The [O III] flux should remain relatively unchanged, since
the [O III] emission line probes the region reaching hundreds of
parsecs to several kiloparsecs away from the central ionization
source and originates from the narrow-line region and host
galaxy even though there are still some controversies about the
[O III] flux variation (Barth & Bentz 2016; Zhang & Feng 2016;
Yan et al. 2019). If the [O III] flux difference between the two
spectra is less than 15%, the possible reasons are fiber diameter
differences, changes in the observation seeing, and possible
flux changes, in which case the recalibration of the spectrum
will cause a fake CL phenomenon. Therefore, we adopted the
[O III] calibration for those [O III] luminosities that changed
between the DESI and SDSS spectra beyond the 15%
deviation. We remove those objects that do not satisfy the
criteria outlined in Section 3.3 after calibration to ensure the
accuracy of our sample.

To align the resolution of the DESI and SDSS spectra, we
employ a Gaussian kernel to convolve the DESI spectra
(R∼ 4000) to match the lower resolution of the SDSS spectra
(R∼ 2000). Following the approach outlined in Du et al.
(2018), we conduct an [O III]-based calibration to scale the flux
of the SDSS spectrum, taking into account the [O III] flux ratio
between DESI and SDSS for AGNs at z� 0.75.

However, considering that DESI has a smaller fiber diameter
(1 5) than the SDSS fiber diameter (2 0), the extended O III]
region (which can extend to more than 10 kpc) may all be
outside of the fiber radius (Goddard et al. 2010). This would
change the [O III] flux and can be exacerbated by variable
seeing. Such an effect would be more significant at lower
redshifts. In these cases, [O III] calibration may enlarge the flux
of the emission line or continuum, thus we only use [O III]
calibration to identify cases where the variation may be
spurious and use the noncalibrated spectra in the final results
shown in Figure 3.

The photometric light curve serves as a criterion for
checking the presence of a flux calibration problem between
the DESI and SDSS spectra. As mentioned in Guo et al. (2020),
the SDSS spectrum may exhibit problematic spectral flux
calibration, resulting in scatter of up to 20% at high redshift,
known as fiber drop. This effect becomes more pronounced
when screening for CL AGNs. Therefore, we utilized the
publicly available light curves from CRTS, PTF, PS1, and ZTF
to compare the relevant photometry with the pseudophotometry
around the spectral modified Julian date (MJD). It is important

to note that the CRTS data were unfiltered at the time of
observation and were subsequently converted to the V band,
which may introduce inaccuracies in the pseudophotometry.
Finally, 74 CL AGNs and 47 candidates were removed if their
spectral photometry significantly deviated from the light curve,
typically exceeding 0.5 mag.
Although the pseudophotometry for J164331.90+30483 5.5,

J221044.76+245958.0, and J221925.57+272806.4 shows a
deviation of approximately 0.5 mag compared to the ZTF light
curve, we have decided to retain these objects, as they still meet
our criteria after calibration based on [O III] measurements.
Furthermore, since the redshift of these three objects is
z< 0.25, the observed deviation is primarily attributed to
inconsistencies in the contribution of starlight between the
spectral diameter coverage and the ZTF point-spread-function-
based photometric modeling. The DESI Legacy images
confirm the presence of significant extended source features
in their host galaxies, as shown in Figure 4. It is worth noting
that the DESI and SDSS fiber diameters capture less starlight
from the host galaxy compared to the ZTF light curve.
After conducting [O III]-based calibration and analyzing the

photometric light curve, we have removed 73 CL AGNs (38
candidates) from the original sample of 130 CL AGNs (91
candidates). Among these, two CL AGNs were identified as
having DESI flux calibration problems. Figure 5 illustrates the
SDSS and DESI fiber drop effect.

4. Results

4.1. CL AGNs and Candidates

Within the current DESI project, we obtain 56 CL AGNs
based on the variability definition outlined in Section 3.3 and
the VI in Section 3.2, which are listed in Tables 1 and 2. Of
these 56 AGNs, J162829.18+432948.5 was previously
discovered in Zeltyn et al. (2022) and 121033.30-011755.6
was selected as a CL candidate reported by MacLeod et al.
(2019) as having high optical variability, although spectra were
lacking. Specifically, we identify 2 Hα, 34 Hβ, 9 Mg II, 18
C III], and 1 C IV CL objects. While J221044.76+245958.0 is
classified as a CL candidate in the selection criteria, we moved
it from the CL candidates to CL AGNs with VI because the
significance of its broad components was increased by narrow
lines. Figure 3 shows five examples of Hα, Hβ, Mg II, C III],
and C IV CL AGNs, respectively, where the difference

Figure 4. The DESI Legacy images for J164331.90+304835.5 (left), J221044.76+245958.0 (middle), and J221925.57+272806.4 (right). The blue and red circles
represent the fiber diameters of SDSS and DESI.
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Figure 5. Two example spurious CL phenomena due to the SDSS (left) and DESI (right) flux calibration problem. The legends are same as in Figure 3. In the left
(right) figure, the SDSS (DESI) spectrum does not match the calculated PS1 (ZTF) photometric magnitude (“x” markers) in the light curve, while the DESI (SDSS)
spectrum aligns with the light curve. This suggests a discrepancy in flux calibration for this spectrum.

Figure 6. The same as Figure 3, but showing the CL candidates for Hα, Hβ, Mg II, C III], and C IV, respectively.
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spectrum is the subtraction of the dim spectrum from the bright
spectrum. Table 4 summarizes the properties of the 57
CL AGNs.

To further study the whole process of CL AGNs, we also
search for CL AGN candidates that are in the process of
changing or about to happen. In the 56 CL AGNs we have
discovered, nine AGNs have candidate additional BEL
variations (listed in Table 5). We also provide another 44 CL
candidates for five BELs, as shown in Table 6. The whole CL
candidate sample contains 53 AGNs, including 7 Hα, 17 Hβ,
16 Mg II, 10 C III], and 5 C IV CL candidates. To highlight the

difference between the confirmed CL AGNs and the candi-
dates, Figure 6 provides five selected examples of CL candidate
spectra. Figure 7 shows the remaining 50 CL AGNs.

4.2. Timescale and Transition State

In Figure 8, we plot the timescales of both the 56 confirmed
CL AGNs and the 44 CL candidates between the two
observations in the observed frame and rest frame. We note
that the CL AGNs that show different BEL behavior from the
same source are counted repeatedly. For instance, a case with
varying Hβ and Mg II will be included once in the Mg II sample

Figure 7. The rest of the CL AGNs. In each set, the top panels display the spectral pseudophotometry with red (blue) “x” markers for DESI (SDSS) and the light
curves from CRTS (stars), PS1 (triangles), PTF (pentagons), and ZTF (dots) when available. The bottom left panel shows the smoothed SDSS and DESI spectra,
represented by the blue and red lines, respectively (the shaded region corresponds to the original spectrum). The spectra are derived from survey pipelines and have
been corrected for galactic extinction and shifted to the rest frame (without [O III]-based calibration). The gray line in the lower right panel represents the difference
between the two spectra, obtained by subtracting the dim spectrum from the bright one. The black dashed vertical lines indicate the presence of Hα, Hβ, Mg II, C III],
C IV, and Lyα lines. The red and green blocks represent the CL line features and candidate features, respectively.

(The complete figure set (50 images) is available.)

Table 5
Sample Properties for the CL Candidate Features in Confirmed CL AGNs

Object Name R.A. Decl. Redshift g (mag) r (mag) z (mag) MJD1 MJD2 Nσ R sF ,dim Transition Line
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)

075448.10+345828.5 118.7004 34.9746 0.7311 21.49 21.50 20.92 55488 59226 14.52 2.20 16.65 Turn-off Mg II

121033.30-011755.6 182.6388 −1.2988 0.5434 20.03 20.04 19.49 52367 59314 13.96 1.62 18.31 Turn-off Mg II

134037.05+131819.2 205.1544 13.3054 0.3478 20.78 19.82 19.08 53858 59372 10.49 2.02 18.05 Turn-off Hα
144051.17+024415.8 220.2132 2.7377 0.3963 20.09 19.77 19.10 55620 59379 9.47 1.61 14.16 Turn-off Hα
152517.57+401357.6 231.3232 40.2327 0.3838 19.99 19.77 19.24 58175 59354 12.50 2.61 31.46 Turn-off Hα

7.87 2.29 11.76 Turn-off Mg II

160139.10+412529.3 240.4130 41.4248 0.4645 21.35 20.56 19.58 52824 59354 10.53 2.76 12.60 Turn-off Mg II

160310.99+432928.9 240.7958 43.4914 0.4923 20.33 20.03 19.35 52756 59321 8.42 1.59 20.09 Turn-off Mg II

162829.18+432948.5 247.1216 43.4968 0.2599 19.80 19.22 18.73 52057 59316 13.43 1.93 63.19 Turn-off Hα
164331.90+304835.5 250.8830 30.8099 0.1837 19.71 18.75 18.09 52793 59386 25.42 1.81 73.12 Turn-off Hα

Note. The columns are the same as in Table 4.
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(green histogram) and once in the Hβ sample (blue histogram).
Zeltyn et al. (2022) reported a timescale for the Hβ variation
observed in J162829.18+432948.5 of only a few months
(73 days), whereas we probe a timescale of up to 5643 days
between the SDSS and DESI observations. The timescale
represents the upper limit of the transition timescale and ranges
from 330 to 5762 days. While the observed-frame histogram
suggests that some differences may be attributed to a selection
effect or observational bias, systematic differences between
different samples persist. One reason may be due to the
selection bias of a small sample size, which requires further
investigation with a larger sample.

In our sample of 56 CL AGNs, 24 AGNs exhibit turn-on
behavior, while 32 AGNs exhibit turn-off behavior, as listed in
Table 4. The proportion of turn-offs and turn-ons for CL AGNs
is consistent with previous work (MacLeod et al. 2016, 2019;
Yang et al. 2018; Green et al. 2022). The redshift and
magnitude distributions for turn-off and turn-on CL AGNs are
shown in the bottom panels of Figure 1. Figure 9 shows the
timescale for different emission lines with transition states,
from which we can see that the turn-off timescales are larger
than the turn-on timescales in all emission lines. However, due
to the limited number of samples, whether there are different
timescales for turn-on and turn-off CL AGNs still needs
further, more complete sample verification.

Table 6
Sample Properties for the CL AGN Candidates Presented in This Study

Object Name R.A. Decl. Redshift g (mag) r (mag) z (mag) MJD1 MJD2 Nσ R sF ,dim Transition Line
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)

091452.90+323347.1 138.7204 32.5631 1.5782 20.99 20.88 20.63 54550 59251 6.89 1.73 5.54 Turn-on C III]
102012.84+324737.2 155.0535 32.7937 0.6200 20.20 20.13 19.82 53442 59218 7.59 1.90 35.65 Turn-off Hβ
102104.98+440355.5 155.2708 44.0654 0.6046 20.12 20.06 19.70 57419 59218 4.13 1.74 6.37 Turn-on Hβ
111634.91+540138.8 169.1455 54.0274 1.0618 21.44 20.90 20.73 57135 59307 5.49 1.66 4.98 Turn-off Mg II

111938.02+513315.5 169.9084 51.5543 0.1071 18.35 18.46 17.91 57071 59298 33.71 3.40 63.43 Turn-on Hβ
112634.33+511554.5 171.6431 51.2652 1.5319 20.97 20.62 20.82 57071 59308 5.24 2.25 5.17 Turn-on C III]
120332.06+563100.3 180.8836 56.5168 1.5200 21.16 20.31 20.35 56429 59309 4.36 1.64 6.91 Turn-on C III]
123557.86+582122.9 188.9911 58.3564 0.2116 19.39 18.79 18.47 52790 59298 9.68 1.74 26.90 Turn-off Hβ
124446.47+591510.8 191.1936 59.2530 0.6836 20.90 20.98 20.52 56443 59308 7.35 2.03 7.43 Turn-off Mg II

124931.53+364816.4 192.3814 36.8045 1.4279 20.73 20.26 20.43 57481 59351 6.08 1.64 7.68 Turn-on C III]
9.16 1.80 9.89 Turn-on Mg II

125646.90+233854.8 194.1954 23.6486 0.8159 20.45 20.54 20.23 54212 59338 11.70 1.94 28.28 Turn-off Mg II

140337.55+043126.2 210.9065 4.5239 0.5378 19.79 19.77 19.85 52045 59312 11.43 2.32 18.06 Turn-off Hβ
141735.11+043954.6 214.3963 4.6652 0.4371 21.38 20.61 19.82 55654 59369 3.92 1.67 6.39 Turn-on Hα
141841.39+333245.8 214.6725 33.5460 0.5890 22.10 21.58 20.50 55280 59292 6.05 1.76 7.60 Turn-on Hβ
142118.41+505945.2 215.3268 50.9959 1.0279 19.87 19.62 19.77 56415 59312 10.19 2.59 8.54 Turn-off C III]
143421.56+044137.2 218.5899 4.6937 0.9070 21.17 20.96 20.11 55682 59393 5.20 2.04 11.84 Turn-on Mg II

143528.95+134705.7 218.8706 13.7849 0.7701 20.47 20.53 20.01 56014 59292 9.79 1.79 16.35 Turn-off Hβ
144813.63+080734.2 222.0568 8.1262 0.4414 18.79 18.74 18.50 54555 59379 14.48 2.33 20.10 Turn-on Hβ
150232.97+062337.6 225.6374 6.3938 0.6430 19.79 19.88 19.51 55712 59377 7.03 1.96 6.78 Turn-on Hβ
150754.87+274718.7 226.9786 27.7885 3.3013 21.46 20.93 20.94 55365 59379 4.57 1.76 4.03 Turn-on C IV

151859.62+061840.5 229.7484 6.3112 0.5505 21.15 20.70 20.01 55710 59368 7.11 1.70 8.83 Turn-off Mg II

152425.40+232814.7 231.1058 23.4707 0.6524 21.90 22.00 21.63 55680 59369 4.33 1.91 16.60 Turn-on Mg II

153644.03+330721.1 234.1835 33.1225 0.7503 20.02 19.91 19.77 53149 59309 7.76 2.13 4.71 Turn-on Mg II

153920.83+020857.2 234.8368 2.1493 0.3114 18.99 18.79 18.23 54562 59369 16.76 1.91 21.26 Turn-off Hβ
153952.21+334930.8 234.9676 33.8252 0.3289 18.25 18.06 17.57 52823 59309 15.87 1.60 27.67 Turn-on Hβ
154025.23+211445.6 235.1052 21.2460 0.3907 19.51 19.19 18.79 54232 59376 18.09 1.63 42.45 Turn-off Hβ
155732.71+402546.3 239.3863 40.4295 1.0899 20.64 20.40 20.52 58280 59354 3.73 1.67 7.21 Turn-on C III]
160129.75+401959.5 240.3740 40.3332 1.5823 22.18 21.58 21.45 58280 59354 4.47 2.12 8.74 Turn-on C IV

160451.29+553223.4 241.2137 55.5399 0.3127 20.92 19.70 18.93 57897 59321 5.21 1.54 14.11 Turn-on Hβ
160712.23+151432.0 241.8010 15.2422 0.7789 21.58 21.16 20.67 55660 59292 4.08 1.89 13.91 Turn-off Hβ
160808.47+093715.5 242.0353 9.6210 0.5624 21.58 20.72 19.60 54582 59368 4.43 1.60 9.91 Turn-off Mg II

161235.23+053606.8 243.1468 5.6019 0.7869 22.21 21.73 20.45 55708 59353 4.80 1.85 8.73 Turn-on Mg II

161812.85+294416.6 244.5536 29.7379 0.3125 20.29 19.68 18.94 52886 59358 13.03 2.18 36.64 Turn-off Hα
163959.17+511930.9 249.9966 51.3252 1.1318 20.02 19.73 20.01 57190 59383 7.37 2.14 14.47 Turn-on C III]
164621.95+393623.8 251.5915 39.6066 0.3448 18.86 18.73 18.25 52050 59379 11.75 1.56 22.80 Turn-off Hβ
165919.33+304347.0 254.8306 30.7297 1.0375 20.26 19.79 19.82 58526 59356 6.46 2.36 7.33 Turn-on C III]
170407.13+404747.1 256.0298 40.7964 1.2939 21.13 20.58 20.61 58281 59379 6.10 2.25 6.64 Turn-on C III]
170624.94+423435.1 256.6039 42.5764 1.5936 21.25 20.91 20.78 58281 59379 10.55 2.03 32.09 Turn-on C IV

172541.38+322937.8 261.4224 32.4938 0.6621 20.59 20.55 20.41 55721 59350 9.98 2.64 10.07 Turn-off Hβ
205407.92+005400.9 313.5330 0.9003 1.6435 21.16 20.98 20.62 52914 59370 9.00 1.90 13.81 Turn-off C III]
212216.44-014959.8 320.5685 −1.8333 0.1362 20.23 19.43 18.81 58039 59381 6.12 2.24 16.71 Turn-on Hβ
212338.71+004107.0 320.9113 0.6853 2.0709 22.63 22.54 21.89 57691 59383 4.48 1.57 7.63 Turn-on C IV

213430.72-003906.7 323.6280 −0.6519 1.8412 20.99 20.81 20.49 57693 59382 5.42 2.30 8.13 Turn-on C IV

221932.80+251850.4 334.8867 25.3140 0.6264 22.10 21.37 20.40 56210 59403 3.83 1.95 8.88 Turn-off Mg II

Note. The columns are the same as in Table 4
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4.3. Physical Origin

Despite the limitations on the information about the
continuum luminosity and power-law index, it is evident that
the majority of CL AGNs, from Figure 3, particularly for Hα
and Hβ, display the characteristic of being bluer when brighter
(the optical and UV emission from the nucleus of an AGN
becomes bluer when the overall brightness of the AGN
increases), which is in line with many previous studies
(LaMassa et al. 2015; MacLeod et al. 2016; Runnoe et al.
2016; Gezari et al. 2017; Yang et al. 2018; Graham et al. 2020;
Green et al. 2022). From a quantitative standpoint, MacLeod
et al. (2019) and Green et al. (2022) presented two separate CL
AGN samples obtained through the method of spectral fitting,
and both find a strong correlation between the change in Hβ
flux and the variation in continuum flux (refer to Figure 3 in
MacLeod et al. 2019 and Figure 8 in Green et al. 2022 for more
details). This close relationship between the continuum and
BEL variation suggests that the radiation from the accretion
disk continues to drive the evolution of the BLR, even during
the changing state. This phenomenon also implies that there is a
rapid exchange of both material and energy occurring between
the accretion disk and the BLR, indicating that the origin

of CL AGNs is more likely to come from changes in the
accretion rate.
Despite this, there are still some uncertainties in the

identification of CL AGNs. According to MacLeod et al.
(2016) and Green et al. (2022), some CL AGNs exhibit back-
and-forth variability, where the weak Hβ broad component
disappears in one epoch, but reappears in another. This
suggests that the discovery of CL AGNs is like a random
sampling from a pool with constantly changing BELs.
One possible explanation for CL behavior is that the AGN is

undergoing a transition from a low to high accretion rate state
or vice versa. In the low-accretion-rate state, the emission from
the central region is relatively weak, while in the high-
accretion-rate state, the emission is much stronger. The
transition between these two states can be triggered by various
physical processes, such as the instability of the accretion disk
or changes in the mass supply rate. Elitzur & Ho (2009)
proposed that AGNs may have a critical luminosity that
switches the BEL appearance and disappearance. This model is
also supported by the discovered CL AGNs, which show a low
accretion rate and low Eddington ratio (usually <0.1) in the
dim spectrum. Given that the radiation regions of C III] and
C IV are relatively small, another potential scenario that could

Figure 8. The histograms of the upper limits of the transition timescales for CL AGNs and CL candidates in observed frame (left panel) and rest frame (right panel).
The dashed lines represent the median values of three samples. While it seems like C III] and C IV have lower rest-frame timescales than the other lines, the observed-
frame histogram shows that that is partially due to a selection effect, since time dilation has made it impossible from our sample to detect carbon rest-frame lags longer
than 3500 days.

Figure 9. The histograms of the upper limits of the transition timescales for Hα + Hβ (left panel), Mg II (middle panel), and C III] + C IV (right panel) CL AGNs and
CL candidates in the rest frame (right panel). The dashed lines represent the median values of the samples.
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describe the C III] and C IV CL behavior is the association with
an outflow.

Given that the majority of CL AGNs display the “bluer when
brighter” trend, another potential explanation could be a change
in the obscuration of the BLR, either due to dust clouds that
move in and out of our line of sight or powerful winds that
“blow out” the dust surrounding the nucleus. However, the
former scenario has not been supported by polarization
observations, timescale calculations, and mid-IR features for
the majority CL AGNs (LaMassa et al. 2015; MacLeod et al.
2016; Sheng et al. 2017). Many of the turn-on CL AGNs
exhibit a wavelength-dependent gain in continuum flux,
appearing to change from a “red quasar” (e.g., Klindt et al.
2019; Fawcett et al. 2020) to a typical blue quasar (see
Figure 3). This could indicate that dust is being removed from
these systems, which may be evidence that these AGNs are
undergoing a “blow-out” phase, in which powerful outflows
clear out the surrounding gas/dust (Glikman et al. 2017;
Fawcett et al. 2022; Stacey et al. 2022). Using spectroscopy
over a 19 yr period, Yi et al. (2022) discovered a turn-on CL
AGN that hosted powerful outflows, concluding that the
quasar was shedding a surrounding dust cocoon, transitioning
to a blue quasar. However, it is still unclear whether changes
in the accretion disk could account for the change in
continuum flux and also whether the difference in the dust
extinction values over a 10–20 yr timescale is consistent with
a blow-out phase. Several possible models have also been
proposed to explain the CL phenomenon, including the
cooling front model caused by a change in the magnetic field
(Ross et al. 2020), the close binary black hole model (Wang &
Bon 2020), and the magnetic-field-coupled accretion outflow
model (Feng et al. 2021). In the picture of an advection-
dominated accretion flow model, CL behavior might be
caused by an intermittent accretion stream, which would result
in a back-and-forth BEL pattern in the AGN (Noda &
Done 2018). This study is a first step in an ongoing effort to
constrain or test these models by analyzing a large sample of
CL AGNs in the DESI project.

5. Conclusion

Using DESI early data, we carry out a systematic search for
CL AGNs through crossmatching with the SDSS DR16
spectroscopic database. From a parent sample of 82,653
AGNs, the following points summarize our main findings:

1. We have compiled a sample of 56 CL AGNs selected
based on VI and our defined criteria, which include 2 Hα,
34 Hβ, 8 Mg II, 18 C III], and 1 C IV CL behaviors.

2. We find 10 candidate CL features in confirmed CL AGNs
and provide another 44 CL AGN candidates, which show
the dramatic flux variation of the emission lines, with a
remaining significant broad component.

3. We identify 32 CL AGNs that display a turn-off
transition and 24 CL AGNs that display a turn-on
transition, whose timescales show significant differences,
with the turn-offs larger than the turn-ons.

4. We confirm the tendency of bluer when brighter, which is
consistent with the behavior of previously discovered
CL AGNs.

Although our current research focuses on compiling a
substantial sample of CL AGNs, future spectral decomposition
work (such as a more accurate black hole mass and accretion

rate, as well as a detailed BEL measurement in the dim state)
and dust extinction tests that will analyze the BELs and
continuum could greatly enhance our understanding of the
physical mechanisms behind CL activity (Fawcett et al.
2020, 2022). In addition, future studies of CL AGNs will be
crucial in advancing our understanding of the growth and
evolution of supermassive black holes and the properties of the
circumnuclear material in AGNs (Ho 2005). The ongoing DESI
project provides an exciting opportunity to gain further insights
into the CL physical mechanism. In our follow-up work, we
will attempt to verify the CL sequence and conduct further
spectral decomposition to analyze the physical mechanism
(MacLeod et al. 2016; Guo et al. 2019; Green et al. 2022).
Additionally, we will continue to search for CL AGNs in DESI
DR1 and investigate the differences and relationship between
CL AGNs and normal AGNs.
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