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Classical AGN  Unification

SMBH-accretion disk- Broad line region-dust torus
-Narrow line region- (possible) jet

BLR region and Broad lines
Gravity collaboration + 2019
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The broad lines beyond the classical AGNs

ÇTrue Type 2 AGNs

Either luminous or dim, no absorption but without broad lines

ÇWeak -Line QSOs 

    Bright but with weak or lack high-ion broad lines

ÇDouble -Peak-Line AGNs

 Broad double peak lines

ÇChanging -Look AGNs

Disappear/re-appear of broad lines

ÇTidal Disruption Events

     Non-virial broad lines

ÇLittle Red Dots

   Unusual broad lines, dense envelope?

ɖ ɖ

TDE Li + 2022CLAGN  Ricci + 2023
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BLR dynamics & SMBH activity
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Geometry of broad line region

ÇDisk - like                                    spherical                or  something else?

BLR geometry/kinematics is crucial for M bh and M bh -M host correlation,

velocity -resolved RM may help.   BLR misbehavior may help!

Du et al. 2023 Goad et al. 2012
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Beyond the classical AGNs: True type II AGNs ψ

Bianchi et al. 2008 

ÇLow -luminosity AGN: NGC 3147

ÇLbol / Ledd ~ 10 -4, weak absorption, broad line is intrinsic weak or absent
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Beyond the classical AGNs: True type II AGNs ψ

Bianchi et al. 2022 

ÇHST for NGC 3147: broad - line component
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Elitzur & Ho 2009

ÇDisappearance of torus/BLR is unavoidable when L<

in disk -wind scenario  

Beyond the classical AGNs: True type II AGNs ψ
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Li, Wang, Ho et al. 2016 Lewis et al. 2010

ÇVery common in LLAGNs and some radio galaxies

Beyond the classical AGNs: Double -peak broad lines
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Beyond the classical AGNs: Double -peak broad lines

ÇDisk -olnh EOU/ rxwiorz EOU/ elqdu| VPEKvɖ
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ÇConstrain the disk - like BLR model with BL evolution in CLAGNs

Lu K X + 2024  

Broad lines in strong variable AGNs αe.g.,CLAGN sβ

Geometry: evolution of size, thicknessé.
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ÇModel: BLR dynamics based on radiatively dust -driving cloud model, 

dust can survive if Ts<1500 K at outer disk , accelerate by radiation 

pressure and move with ballistic motion

ÇDynamics and geometry of BLR is sensitive to the accretion process

Broad lines in strong variable AGNs αe.g.,CLAGN sβ

Czerny +2011 Wu, Wu* et al.2025 ApJ Quera-Bofarull et al. 2020

Line-driven wind model
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ÇCross section of dust also sensitive to the metallicity

ÇDust - to -gas ratio 

Broad lines in strong variable AGNs 

Low accretion rate or low metallicity will lead to 

disk-like BLR and double-peak lines.

Wu, Wu* et al.2025 ApJ

Line emissivity
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ÇResults: sub -Eddington sources will lead to double -peak lines at 

moderate viewing angles and high -Eddington predict single -peak lines

Broad lines in strong variable AGNs 

Blue:mdot=0.01

Yellow:mdot=0.1

Red:mdot=1

Wu, Wu* et al.2025 ApJ
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ÇResults: anti -correlation between the Eddington ratio and the peak 

separation (inclination angle of 30 o is adopted)

Broad lines in strong variable AGNs 

Solid circles are observations from Wuet al. 2004

ÇSuper -solar metallicity is 

preferred(e.g., Z>5Z sun ), where 

blue, red and green represent 

Z=1,5,9 Zsun

Wu, Wu* et al.2025 ApJ
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ÇResults: the variation of line profiles is around several years to several 

decades assuming mdot dramatic change or

Broad lines in strong variable AGNs 

Wu, Wu* et al.2025 ApJ
Kepler-rotation BLR clouds



-- 17 --

Broad lines in strong variable AGNs 

ÇResults: stronger radiation pressure, faster change

Wu, Wu* et al.2025 ApJBroad -line Monitoring in variable AGNs can constrain BLR physics
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Broad lines in strong variable AGNs 

ÇDisk- like BLR and normal BLR may coexist in some stage

Wu, Wu* et al.2025b ApJ

SDSSJ1609+4902

SDSS 2023-06-09 LiJiang2025-02-06

Double peak: FWHMḐ23,000km/s Middle Gaussian FWHMḐ3000 km/s

Rtr ~ 40 Rg
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Broad lines in strong variable AGNs 

ÇDisk- like BLR and normal BLR may coexist in some stage

Wu, Wu* et al.2025b ApJ

From luminous to dim AGNs:

Single peak Broad lines Ą Single peak + Double peak lines Ą Double peak lines Ą No lines

From dim to luminous: Double peak lines Ą Single peak lines
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Balmer Decrement and SMBH activity 
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weak anti-correlation with L/ Ledd

Lu et al. 2019

BDљ3  

Dong et al. 2008

ÇBalmer decrement ~3 for BLR (Gaskell 1984), ~2.87 for case B

Balmer Decrement in LLAGNs and CLAGNs
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BD~4-10 for Lbol /Ledd<1%

Strong anti-correlations in both AGN sample and single CLAGN      

Wu, Wu* et al. 2023 ApJ

ÇStrong anti -correlation between BD and bolometric Eddington ratio

Feng H C. et al. velocity-resolved RM 

Balmer Decrement in LLAGNs and CLAGNs
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Broad Hbeta line normally disappear or become weak first compared Halpha as luminosity decreases.

ÇAGN internal reddening ψ Or  intrinsic  anti -correlation?

Runnoe 2016 Shapovalovaet al. (2019)

NGC 3516

Balmer Decrement in LLAGNs and CLAGNs
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Ç Ionization effect: Outer BLR clouds have larger BD at given SED

Cloudy simulations for a typical Lbol /Ledd=0.1 and Mbh=108Msun

Wu, Wu* et al. 2023 ApJ

Balmer Decrement in LLAGNs and CLAGNs


