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| Classical AGN Unification
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| The broad lines beyond the classical AGNs

C True Type 2 AGNs

Either luminous or dim, no absorption but without broad lines

C Weak -Line QSOs

Bright but withweak or lack highon broad lines

C Double -Peak-Line AGNs
Broad double peak lines

C Changing -Look AGNSs
Disappear/reappear of broad lines

C Tidal Disruption Events
Nonvirial broad lines

C Little Red Dots
Unusual broad lines, dense envelope?
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BLR dynamics & SMBH activity



) Geometry of broad line region

C Disk-like spherical or something else?

inner a

w= (24 0~ 2yr-1, i) n
(continuum cooling)

Du et an|_ 2023 Goad et al. 2012
BLR geometry/kinematics is crucial for Mp, and My,-M o correlation,

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



| Beyond the classical AGNs: True type || AGNs W

C Low -luminosity AGN: NGC 3147
C Lbol/Ledd ~ 10 -4 Weak absorptlon broad line is intrinsic weak or absent

NGC3147: EPIC pn and co—added MOS contour plot
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) Beyond the classical AGNs: True type Il AGNs

\

C HST for NGC 3147: broad

-line component
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| Beyond the classical AGNs: True type Il AGNs W

C Disappearance of torus/BLR is unavoidable when L< 5 x 10% (M/10" M) erg s~
In disk -wind scenario
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) Beyond the classical AGNs: Double -peak broad lines

¢ Very common in LLAGNs and some radio galaxies
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Figure 11. A total of 924 Hf profiles of NGC 5548 from 1972 to 2015.
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) Beyond the classical AGNs: Double -peak broad lines
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| Broad lines in strong variable AGNs a e.g.,CLAGN sf3

C Constrain the disk -like BLR model with BL evolution in CLAGNS
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I Broad lines in strong variable AGNs a e.g.,CLAGN sf3

C Model: 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
C Dynamics and geometry of BLR is sensitive to the accretion process
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| Broad lines in strong variable AGNs

C Cross section of dust also sensitive to the metallicity
C Dust-to-gasratio ¥ = 0.005 x Z/Z,

Line emissivity
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| Broad lines in strong variable AGNs

C Results: sub-Eddington sources will lead to double -peak lines at

moderate viewing angles and high -Eddington predict single  -peak lines
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Figure 3. The double-peak separation (left panel) and FWHM (right panel) of broad lines along with different inclinatic
angles. The red, yellow, and blue symbols represent n = 1,0.1, 0.01, respectively. The metallicity is fixed at Z/Zo = 5.
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| Broad lines in strong variable AGNs

C Results: anti -correlation between the Eddington ratio and the peak
separation (inclination angle of 30 ° I1s adopted)
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| Broad lines in strong variable AGNs

C Results: the variation of line profiles is around several years to several
decades assuming mdot dramatic change or 7 = 7h; X (£/3x 107 s+ 1)

i = 0.02 to 1 = 0.2 = 0.2 to 1 = 0.02
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| Broad lines in strong variable AGNs

C Results: stronger radiation pressure, faster change

1 = 0.02 to 7 = 1 with Mpu = 108M 0.05 to 0.005
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| Broad lines in strong variable AGNs

C Disk-like BLR and normal BLR may coexist in some stage
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| Broad lines in strong variable AGNs

C Disk-like BLR and normal BLR may coexist in some stage
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Balmer Decrement and SMBH activity



| Balmer Decrement in LLAGNs and CLAGNSs

C Balmer decrement ~3 for BLR (Gaskell 1984), ~2.87 for case B
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| Balmer Decrement in LLAGNs and CLAGNSs

C Strong anti -correlation between BD and bolometric Eddington ratio
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| Balmer Decrement in LLAGNs and CLAGNSs

C AGN internal reddening ¢ Or intrinsic anti -correlation?

fe]
<

[ Ho 12 Hg _
| Bright State Dim State ] NGC 3516
it T 10F ' 1
o 60 - o< 1
g | g 8
! F o
L i
= 20l =
o L o
2
07 s =d ./7\[‘\/)\\ 1 0 1 AN el . A LI
6200 6300 6400 6500 6600 6700 6800 6200 6300 6400 6500 6600 6700 6800

Rest Wavelength [A] Rest Wavelength [A]

Relative flux

2004 \

EHﬁ

Bright State
— 30F = 2005
o<l o oL
o : o \ + - 2006
§ ¢ § 8¢ ) 2007
T, 20& T
&0 w6 2014 '
2 o - o
5 f o 4
= 10F =
= b = A eeeane 2017
: A “ 2018
0t 1 1 1 0 : . . .
4400 4600 4800 5000 5200 5400 5600 4400 4600 4800 5000 5200 5400 5600 4500 5000 5500 6000 6500
Rest Wavelength [A] Rest Wavelength [A] Wavelength [A]

Runnoe 2016 Shapovalovat al. (2019)

Broad Hbeta line normally disappear or become weak first comparedHalpha as luminosity decreases.
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| Balmer Decrement in LLAGNs and CLAGNSs

C lonization effect:.  Outer BLR clouds have larger BD at given SED

Cloudy simulations for a typical Lbol/Ledd=0.1 andMbh=10Msun
Wu, Wu* et al. 202&pJ
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