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* ¥ UWrry & Padovani (1995)

What we know:

1) BH mass?

2) BH accretion rate?
3) BH spins?

4) inclinations?



HB BLR Size (light days)
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Two size-scaling relations

RBLR_L relation (Kaspi et al. 2000; Bentz et al. 2013)
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Dusty Torus (koshida et al. 2014)
(since 2000)
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Is there a connection

between the BLR and Torus?
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SDSS

data implications

(Hu, Wang, Ho 2008a,b)

Basic physics: from torus to accretion disks
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Redshifted intermediate line: infalling gas?



o ool [T ‘ ' ' |

c of Jr+ T, i} .

< " LY ~ 8}

& R —+| 7 © _ .

£ Tty - L

'§ o |- =L -1 Qr

o L

— o I g A

o | -1

—_— O |

- . (a) - (b)

L‘B | 1 | 1 o A 1 A 1 A 1

-2000 0 2000 0 2000 4000 6000

HB,c — [O II] velocity shift (km s™') FWHM(HB,c) (km s™")

Fe II: redshifts? with intermediate HB?




Purposes of RM-Project
AGN physics: BLR

Origin? Structure? Radiation?

Accretion physics: anisotropic radiation
Super-Eddington accretion (2012)?

BH fundamental parameters: mass and spin
Virial mass? RM-mass?

SMBH formation: ultrafast growth

Black hole candles
Saturated luminosity? Scatters?

Coevolution of BH and host
For cosmology



The Lijiang 2.4m telescope: YFOSC since 2012

Yunnan Observatories, CAS
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Reverberation mapping

Narrow Emission Line Region

Jet

Dust Torus

Broad Emission Line Region Accretion Disk

\
Black Hole
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Sample
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Methods and software
available for public
Calibration method: fitting scheme
Profile deconvolution: velocity-resolved map
MICA: sub-structures of the BLR
RM-mass: Markov Chain Monte-Carlo

(MCMC technique)



Current Results



HB BLR Size (light days)

SEAMBHSs:

Broken!
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New scaling relation: two-parameters
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Observed Hp lags:

Physical meanings?
BLR: structure? R-L relation?
BH Virial-mass: accuracy?

are to be answered



High-.# disks: self-shadowing effects

Observer
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Shadowed BLR: shrinks and shorter lags
longer lags? (longer campaign to monitor)

Consequence: weak line quasars



SMBH formation: ultrafast growth

z>60: M, =10°—-10""M,






MBH (MQ)
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Ultrafast growth o

(Volonteri & Rees 2005)
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* SEAMBHSs exist

Accretion rates: ~ 103Eddington rate

~ InM,/M]
M5,

tsalp = 0.69 %3_15:%]\410,3 Gyr

In local, we are witnessing:
103> 10°%M

fast growth of seed BH in high-z Universe.



Accretion physics?



Accretion Physics

Low accretion disks
(ADAF; ADIOs)

Lyog ox M?

Shakura-Sunyaev disks
(intermediate rates)
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* Transonic flow
e Sub-Keplerian rotation
* Photon trapping effects

ring elements

black hole accretion disk

Ly = fo(l + In ’fTL.)M,

Wang & Zhou (1999): self-similar solution
Mineshige+(2000)
Sadowski et al. (2013)



Photon bubble instability

(Begelman 2002)
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SUPER-EDDINGTON FLUXES FROM THIN ACCRETION DISKS?

MitcHELL C. BEGELMAN'

L . 1/5 S\ 2
— > e'nin max ~ 30£ ‘1~’15a72 (ﬁ) L (h)
L., ’ 10/ 0.1\6

For M, = 10"Mgy, L/Lggq ~ 300



Narayan, Sadowski & Sori (2017)
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log(L/Lg )

Evidence for saturated luminosity

Slim accretion disks
(Abramowicz et al. 1988)

Dissipated lum.

SEAMBH collaboration

(Du et al. 2016a)
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Photon trapping effects: L, = €,(1 + alnms)M, (theory)

Saturated luminosity --> cosmological candles (Obs.)
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Super-Eddington Accretion Physics:

1) geometrically slim: lags shortened

2) photon trapping: saturated luminosity

3) a new scaling relation established for BLR
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SEAMBH for cosmology

(Wang et al. 2013; 2014)

e Saturated luminosity:
standard candles

L. - €0(1 + alnm15)M.

Intrinsic scatter: 0.15 dex
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Eddington ratio function (kelly & shen 2013)
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Lvya Forest BAO measurement
(Aubourg et al. 2015)
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Dark Energy Experiments: 2013 - 2031

2013 2015 2017 2019 2021 2023 2025 2027 2029
BOSS SEAMBH project
2031
Dark Energy Survey (DES)>
HETDEX >
HSC imaging > PFS spectroscopy >
Extended BOSS (eBOSS) > Stage Il T
Dark Energy Spec. Stage IV l,
Instrument (DESI)
Large Synoptic Survey Telescope (LSST) >

e - pecrn D
Red = spectroscopy WFIRST-AFTA




Current observations



Wyoming U.: WIRO2.3m (2017-2021)

MAHA (Monitoring AGN with Hbeta Asymmetry)
for BLR and SMBH binaries




Since 2017-2021
Focus: SEAMBHSs




Lijiang2.4m: 1/3 for SEAMBHSs




Summary

e SEAMBH:
—Hbeta lags are shortened by Mdot
—Saturated luminosity
—Fe Il follows Hbeta
—for cosmology

* MAHA: looking for virialized components

* many things are forthcoming



