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Abstract: Changing-look active galactic nuclei (CL-AGNs) are a unique class of AGNs that exhibit rapid
and dramatic transitions in their spectra, including the appearance or disappearance of broad emission
lines. In this study, we analyze a sample of 26 CL-AGNs using spectroscopic data, focusing on the
relationships between their variability timescales, Eddington ratios, black hole masses, and broad-line
region (BLR) properties. Our results show an inverse correlation between the Eddington ratio and the
timescale of changes, indicating that AGNs with higher accretion rates undergo faster transitions.
Additionally, we find that the full width at half maximum (FWHM) of the BLR emission lines correlates
positively with both black hole mass and Eddington ratio, suggesting stronger gravitational forces and
radiation pressure drive faster gas velocities in the BLR. The flux received by the BLR is also positively
correlated with the Eddington ratio, emphasizing the close connection between the accretion disk and
the BLR. We discuss several models, including accretion disk instabilities, obscuration, and disk winds,
to explain these transitions. While accretion rate changes likely play a significant role, the exact
mechanisms behind the rapid variability remain debated. Our findings underscore the importance of
both the black hole mass and accretion dynamics in shaping the spectral properties and variability of
CL-AGNs, contributing to the broader understanding of AGN evolution and the complex interaction
between the accretion disk and BLR.
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1. Introduction

Active Galactic Nuclei (AGNs) are powered by the accretion of matter onto supermassive black holes
(SMBHEs) at galactic centers. Traditionally, AGNs are classified into two main types: Type I AGNs, which
exhibit both broad and narrow emission lines, and Type II AGNs, which show only narrow lines. This
distinction is explained by the orientation of an obscuring torus relative to our line of sight. In this
unification model, an AGN’s classification is expected to remain stable over short timescales [!. However,
the discovery of Changing-Look AGNs (CL-AGNs) has challenged this model, revealing objects that
rapidly transition between Type I and Type II states, sometimes over just months to years, which cannot
be attributed to changes in the viewing angle alone 113,

CL-AGN:s are categorized based on the direction of their spectral transitions. "Turn-off" CL-AGNs
exhibit the disappearance of broad emission lines characteristic of Type I AGNs, often accompanied by
a decline in optical and ultraviolet (UV) continuum emission. This is thought to reflect a significant drop
in the accretion rate, causing the broad-line region (BLR) to fade due to insufficient ionizing radiation
MI5], In contrast, "turn-on" CL-AGN:s transition from Type II to Type 1, showing a sudden appearance of
broad emission lines and a sharp increase in optical/UV luminosity. This transition is likely driven by an
increase in the accretion rate, reactivating the AGN’s central engine and leading to BLR formation (7],
Recent studies suggest that such transitions may also be triggered by transient events, such as tidal
disruption events (TDEs), where a star is disrupted by the SMBH’s tidal forces, resulting in a sudden
influx of material (1,

Many CL-AGNs display significant variability in the X-ray regime, with fluctuations in X-ray flux
often accompanying spectral changes BI'%. Some CL-AGNs undergo sharp declines in X-ray luminosity
and softening of the X-ray spectrum during transitions. This suggests that CL-AGN transitions are not
purely driven by obscuration but may involve intrinsic changes in accretion processes close to the SMBH.
Proposed mechanisms include variations in accretion rates, changes in the corona’s structure, and
interactions between disk winds and the central engine. Failed winds—highly ionized outflows that do
not escape the SMBH’s gravitational influence—have also been suggested as a potential cause for the
observed X-ray variability in many CL-AGNs [IIH012],
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The discovery of CL-AGNs highlights the dynamic and complex nature of AGN accretion processes.
Traditional unification models, which rely on obscuration and orientation, are insufficient to account for
the rapid and drastic transitions observed in these objects. The study of CL-AGNs, particularly those
exhibiting "turn-on" and "turn-off" behaviors, provides valuable insights into the relationship between
SMBH accretion processes, BLR formation, and AGN evolution over short timescale ['*. Continued
multi-wavelength observations are crucial for unraveling the physical mechanisms driving these
transitions and enhancing our understanding of AGN variability [!41[15116],

2. Data

We compiled a comprehensive collection of CL-AGNSs reported in the literature. These sources were
then carefully screened based on the following criteria.

We require that the turn-off spectra for the objects in our sample be sourced from the Sloan Digital
Sky Survey (SDSS). Since spectra from different telescopes may introduce flux calibration offsets and
add uncertainties to the analysis, we ensure all turn-off spectra come from the same instrument, with
SDSS being our preferred choice. SDSS utilizes a 2.5-meter wide-field telescope !'” at Apache Point
Observatory, and observations are conducted using fiber-fed dual spectrographs with 3” diameter fibers,
which capture more emission from the host galaxies. The resulting reduced one-dimensional spectra
cover a wavelength range of 3800-9200A with a spectral resolution of R [ 1500-2500. This wavelength
range and spectral resolution are well-suited for analyzing the stellar populations of host galaxies. For
these reasons, we focus on CL-AGNs with SDSS turn-off spectra in our sample. Our sample consists of
a total of 26 objects.

We limit the redshift to 0.35 or lower for the following reason: this redshift range ensures that key
absorption lines necessary for spectral analysis are covered, while avoiding MglI emission lines, which
could interfere with the analysis when they shift into the optical band.

The turn-on spectra primarily utilize data from the SDSS and LAMOST surveys. LAMOST, a quasi-
meridian reflecting Schmidt telescope, features an aperture with an effective light-collecting area ranging
from 3.6 to 4.9 meters. It is equipped with 4000 fibers and a 5° field of view ['8119]. Each fiber has a
diameter of 3", and the telescope covers wavelengths from 3700 to 9000 A, divided into two arms: a blue
arm (3700-5900 A) and a red arm (5700-9000 A) 1) The spectral resolution of LAMOST is
approximately R [J 1800 across the full wavelength range. The data we used are processed by the
LAMOST pipelines ! and are included in the LAMOST Quasar Catalog 221123,

A total of 23 turn-on spectra were flux-calibrated. However, the spectral resolution of ZTF18aasszwr
is insufficient to resolve narrow emission line features. Additionally, for ZTF18aasuray, the scaling of
the [OIII] A5007 line resulted in an unphysical outcome, showing a significant flux decrease in the longer
wavelength range after flux cross-calibration. For these two cases, we used the originally observed
spectra instead.

3. Results

Based on the obtained data, we analyzed the relationships between key parameters of different
changing-look AGNs, including the timescale of the change, Eddington ratio, black hole mass, and the
full width at half maximum (FWHM) of the emission lines.

Timescale vs. Eddington Ratio
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Figure 1. Relationship between timescale and Eddington ratio
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As shown in Figure 1, the changing timescale and Eddington ratio exhibit an inverse relationship,
where a higher Eddington ratio corresponds to a shorter timescale. This is due to the faster propagation
of changes within the accretion disk. With a higher accretion rate, material moves toward the black hole
at greater velocities, resulting in a more rapid timescale for these changes.

FWHM vs. Mass of Black Hole
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Figure 2. Relationship between FWHM and mass of black hole

As illustrated in Figure 2, the FWHM, which reflects the velocity of gas in the broad-line region
(BLR), shows a positive correlation with black hole mass. This is expected, as a more massive black hole
exerts stronger gravitational forces on the surrounding gas, causing it to move at higher velocities in
order to maintain its orbit around the black hole.

As shown in Figure 3, the FWHM also correlates with the Eddington ratio of the accretion disk. This
is because a higher accretion rate results in stronger radiation pressure from the central engine, pushing
the BLR further away from the black hole and causing the gas to accelerate.

FWHM/Mass of Black Hole vs. Eddington Ratio
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Figure 3. Relationship between FWHM and Eddington ratio

Flux/Mass of Black Hole vs. Eddington Ratio
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Figure 4. Relationship between flux and Eddington ratio
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As shown in Figure 4, the flux (the energy received by the BLR from the accretion disk) shows a
positive correlation with the Eddington ratio. A higher accretion rate results in stronger radiation from
the disk, providing the BLR gases with more energy. This relationship between the BLR spectrum and
the accretion rate indicates a close connection between the accretion disk and the BLR.

4. Discussion

The results presented in Figures 1 through 4 provide key insights into the dynamics of changing-look
AGNs (CL-AGNs) and the relationship between the accretion disk, black hole mass, and the broad-line
region (BLR). As indicated in Figure 1, the inverse correlation between the changing timescale and
Eddington ratio suggests that CL-AGNs with more powerful accretion disks undergo variations over
shorter periods. This behavior points to a strong connection between the state of the accretion disk and
the observed spectral changes, potentially classifying these CL-AGNs as "changing-state" AGNs, where
variations in the disk state drive the transitions [241¢],

Figures 2 and 3 further reinforce this idea by showing how the full width at half maximum (FWHM)
of the BLR emission lines correlates with both black hole mass and Eddington ratio. The positive
relationship between FWHM and black hole mass in Figure 2 is consistent with the expectation that
larger black holes exert stronger gravitational forces on the surrounding gas, accelerating it to higher
velocities [21. Figure 3 extends this by demonstrating that a higher Eddington ratio, indicative of a larger
accretion rate, also leads to faster gas velocities in the BLR, driven by increased radiation pressure from
the central engine.

Finally, Figure 4 shows a direct relationship between the flux received by the BLR and the Eddington
ratio, further emphasizing the strong coupling between the accretion disk and the BLR. As the accretion
rate increases, more energy is emitted by the disk, and the BLR gases absorb this additional energy,
influencing the spectral properties. This suggests a close connection between the accretion disk and the
BLR, supporting the idea that spectral variations in CL-AGNs are fundamentally linked to changes in
the accretion process around the black hole.

Taken together, these results highlight that both black hole mass and accretion dynamics play pivotal
roles in shaping the spectral properties and variability timescales of CL-AGNs. The rapid changes seen
in these objects likely stem from alterations in the accretion disk, with larger black holes and higher
accretion rates driving more energetic and faster BLR gas motions. These findings underscore the
importance of the accretion disk-BLR interaction in understanding the spectral evolution of CL-AGNs
and provide further evidence that the observed variability originates from the central engine and its
surrounding environment ['4],

However, there are several ongoing debates and challenges in modeling CL-AGNs. One of the leading
models suggests that changes in the accretion rate are the primary driver behind the CL-AGN phenomena
4. According to this model, fluctuations in the accretion flow toward the supermassive black hole
(SMBH) can lead to transitions between AGN states. The inverse relationship between the Eddington
ratio and the timescale of spectral changes, as seen in Figure 1, supports this idea. When the accretion
rate increases, the accretion disk becomes more luminous, and the AGN transitions to a more active state
over a shorter timescale. Conversely, a drop in the accretion rate can cause the AGN to "turn off."

However, this model faces some challenges. While it successfully explains the rapid timescale of
changes in CL-AGNs with high accretion rates, it is less clear how it accounts for the cases where no
obvious changes in the accretion rate are detected, yet spectral transitions still occur. Additionally, the
precise mechanism by which the accretion rate fluctuates so dramatically remains a topic of debate. Some
suggest that tidal disruption events or instabilities within the disk itself could trigger these fluctuations,
but these explanations lack direct observational support in many cases.

Another model attributes the variability in CL-AGNs to obscuration by clouds of gas and dust that
pass through our line of sight ?°1. According to this view, changes in the observed spectrum, particularly
the appearance or disappearance of broad emission lines, are due to moving clouds temporarily blocking
the BLR. This model can explain some of the observed transitions, especially cases where the change
occurs without a corresponding change in the accretion rate.

However, obscuration models face limitations as well. For instance, the correlation between the
Eddington ratio and FWHM in Figures 3 and 4 suggests that the changes are intrinsic to the AGN, rather
than simply the result of a change in the line of sight. If obscuration were the primary driver, we would
not expect such strong correlations between the internal properties of the AGN, such as the accretion rate,
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and the spectral changes. Additionally, while obscuration can explain changes in the BLR visibility, it
does not adequately account for the overall variability in the AGN’s luminosity, which is often seen in
CL-AGNs B,

A more complex explanation involves the interplay between the accretion disk and a powerful wind
driven by radiation pressure from the central engine. As suggested by the positive correlation between
the FWHM of the BLR and the Eddington ratio (Figure 3), radiation pressure may play a significant role
in shaping the BLR 71 In high-Eddington ratio systems, the stronger radiation pressure could drive
outflows or winds, pushing the BLR gas outward and causing it to move faster. Disk-wind models
propose that changes in the wind's strength or geometry could lead to the observed transitions in CL-
AGN:Ss. A powerful wind might disrupt the BLR, leading to the disappearance of broad emission lines,
while a weaker wind could allow the BLR to reform.

Yet, while the disk-wind model offers a compelling explanation for some CL-AGN behavior, it is still
underdeveloped in terms of specific predictions. For instance, what triggers the changes in the wind, and
how does it correlate with variations in the accretion disk? Furthermore, not all CL-AGNs show the
expected signatures of outflows or winds, suggesting that this may be only one piece of a more complex
puzzle (31,

Another layer to the discussion involves the role of black hole mass in CL-AGN behavior. Figures 2
and 3 indicate that larger black holes with higher accretion rates produce higher velocities in BLR gases
and undergo more rapid changes. This raises questions about the evolution of AGNs across different
mass regimes. Some studies suggest that CL-AGNs are more common in lower-mass black holes, where
the accretion process may be more variable 28, Others propose that CL-AGNs could represent an
evolutionary stage in AGN lifecycles, with some AGNs transitioning between active and quiescent
phases over time. Understanding the connection between black hole mass, accretion rate, and CL-AGN
variability could provide valuable insights into the broader process of black hole growth and AGN
evolution.

5. Conclusions

In summary, the models discussed here—accretion disk instabilities, obscuration, and disk winds—
each provide useful frameworks for understanding CL-AGNs but come with significant caveats and
limitations. The relationship between black hole mass, accretion rate, and spectral variability, as
highlighted by Figures 1 through 4, suggests that a combination of these models may be necessary to
fully explain CL-AGN behavior. Future observations and long-term monitoring, especially with high-
resolution spectroscopic and multi-wavelength surveys, will be crucial to refining these models and
providing a more unified understanding of CL-AGNs 2%,

References

[1] Urry, C. M., & Padovani, P. 1995. Unified Schemes for Radio-Loud Active Galactic Nuclei. *Pub.
Astron. Soc. Pac.*, 107, 803-845.

[2] MacLeod, C. L., Green, P. J., Anderson, S. F., et al. 2019. Systematic Identification of Changing-
look Quasars in SDSS. *4strophys. J.*, 874(1), 8.

[3] Ricci, C., Koss, M. J., Ueda, Y., et al. 2022. X-ray Variability in Changing-look AGNs. *Astrophys.
J.* 931(1), 56.

[4] Noda, H., & Done, C. 2018. A Magnetic Driving Mechanism for Disk Wind and Corona in Active
Galactic Nuclei. *MNRAS*, 480(3), 3898-3911.

[5] Stern, D., LaMassa, S., Moran, E. C., et al. 2018. The Discovery of a Changing-look Quasar at z =
0.32. *4strophys. J.*, 864(1), 27.

[6] Ruan, J. J., Anderson, S. F., Eracleous, M., Green, P. J., & Morganson, E. 2019. A Systematic Search
for Changing-Look Quasars in SDSS. *Astrophys. J.*, 883(1), 76.

[7] Shu, X., Wang, J., Wang, T., et al. 2022. The Role of Tidal Disruption Events in Changing-look AGNs.
*Astrophys. J.*, 924(2), 122.

[8] Frederick, S., Gezari, S., Graham, M. J., et al. 2019. Discovery of a Changing-look Quasar with PS1
and ZTF. *Astrophys. J.*, 883(1), L34.

[9] Cannizzaro, G., Gezari, S., Jonker, P. G., et al. 2022. Tidal Disruption Events and the Changing-
look AGN Connection. *Astron. Astrophys.*, 665, A12.

[10] Panda, S., Czerny, B., Marziani, P., & Giustini, M. 2022. Disk Winds and Failed Winds in AGNs.

Published by Francis Academic Press, UK
-84-



The Frontiers of Society, Science and Technology

ISSN 2616-7433 Vol. 6, Issue 11: 80-85, DOI: 10.25236/FSST.2024.061114

*Frontiers in Astronomy and Space Sciences*, 9, 23.

[11] Giustini, M., & Proga, D. 2019. The X-ray emission from changing-look AGNs: insights from a
simple model. *MNRAS¥*, 490, 1311-1323.

[12] Matt, G., Kara, E., & Chartas, G. 2023. Corona and Disk Wind Interactions in CL-AGN X-ray
Variability. *MNRAS*, 518(3), 2891-2900.

[13] Shen, Y., Grier, C.J., Horne, K. 2021. The Sloan Digital Sky Survey Reverberation Mapping Project:
Final Broad-line HF and Mg II Lags and Their Dependencies for 349 Quasars. *Astrophys. J. Suppl.
Ser.*, 257(1), 36.

[14] Lawrence, A. 2018. Changing Look Quasars. *Nature Astronomy*, 2, 102-103.

[15] Shu, X., Wang, J., Du, P., et al. 2023. Revisiting the Disk-Wind Model in CL-AGN Transitions.
*MNRAS*, 519(1), 134-150.

[16] Kara, E., Reynolds, C. S., & Dai, J. 2022. X-ray Time Lags as Probes of Black Hole Accretion in
Changing-look AGNs. *Nature Astronomy?*, 6, 787-794.

[17] Gunn, J. E., Siegmund, W. A., Mannery, E. J., et al. 2006. The SDSS Photometric Camera. *Astron.
J.* 131, 233-252.

[18] Cui, X, Zhao, Y., & Cheng, S. 2012. The LAMOST Pilot Survey.: Overview and Preliminary Results.
*Res. Astron. Astrophys.*, 12, 1197-1208.

[19] Zhao, Y., Cui, X., & Wang, J. 2012. The LAMOST Spectroscopic Survey: Overview and Preliminary
Results. *Res. Astron. Astrophys.*, 12, 1243-1256.

[20] Du, P., Wang, J.-M., & Zhang, Z.-X. 2016. The broad emission line region in active galactic nuclei.
*Astrophys. J. Suppl. Ser.*, 227, 27.

[21] Luo, A., Zhang, H.-T., & Wang, J.-M. 2012. The LAMOST Spectroscopic Data Processing. *Res.
Astron. Astrophys.*, 12, 1243-1256.

[22] Ai, Y. L., Zhang, J. S., & Wang, J.-M. 2016. The LAMOST Quasar Catalog. *Astron. J.*, 151, 24.
[23] Dong, X.-B., Wang, J.-M., & Zhang, Z.-X. 2018. The LAMOST Quasar Survey II: New Quasar
Candidates from LAMOST. *A4stron. J.*, 155, 189.

[24] Elitzur, M., Ho, L. C., & Trump, J. R. 2014. Evolution of active galactic nuclei and their dusty tori.
[25] Shen, Y., & Liu, X. 2012. The Sizes of the Broad-line Region and Black Hole Masses of Moderate-
luminosity Active Galactic Nuclei. *4strophys. J.*, 753(2), 125.

[26] Matt, G., Guainazzi, M., & Maiolino, R. 2003. Compton-thick AGN: The dark side of the X-ray
background. *MNRAS*, 342(2), 422-428.

[27] Elitzur, M., & Netzer, H. 2016. AGN Winds and the Role of Radiation Pressure. *MNRAS*, 459(2),
2102-2109.

[28] MacLeod, C. L., Ross, N. P., Lawrence, A., et al. 2016. The Nature of High-amplitude Quasar
Variability in SDSS Stripe 82. *MNRAS*, 457(4), 3896-3916.

[29] Runnoe, J. C., Eracleous, M., Mathes, G., et al. 2016. The Disappearance of the Broad-line Region
in a Changing-look Quasar. *MNRAS¥*, 455(2), 1691-1704.

Published by Francis Academic Press, UK
-85-


https://arxiv.org/search/astro-ph?searchtype=author&query=Shen,+Y
https://arxiv.org/search/astro-ph?searchtype=author&query=Grier,+C+J
https://arxiv.org/search/astro-ph?searchtype=author&query=Horne,+K

