
Reverberation Mapping of 
Super-Eddington Accreting Massive Black Holes 

(SEAMBHs)

Pu Du 
Institute of High Energy Physics, CAS

(on behalf of SEAMBH collaboration)

SEAMBH collaboration
IHEP: J.-M. Wang, P. Du, C. Hu, Y.-R. Li, Y.-K. Huang, Z.-X. Zhang
YNAO: J.-M. Bai, K.-X. Lu, F. Wang, X.-L. Fan
TAU:     H. Netzer, S. Kaspi (2012-2015)
PKU:     L. C. Ho
USTC:  Y.-F. Yuan
NJNU:  W.-H. Bian
NJU:     B. Luo

2016.10.24  China - Lijiang



Why SEAMBHs?

AGN Physics Cosmology



Outline

• Observation

• Shortened time lags of Hbeta

• New scaling relationship of BLR

• Fundamental plane

• R-L deconvolution and velocity-resolved time lags

• NGC 5548 and radiation pressure

• SEAMBH candles and their presicion



Sample selection

Select high accretion rate AGN from single-epoch spectroscopy based on

(standard thin disk equation)

1. Strong Fe II emission;

2. Narrow (<~2000km/s) Hbeta line;

3. Weak [O III] lines.

• SEAMBH2012: 10 objects with z<0.1 (9 detected)

• SEAMBH2013: 8 objects with 0.1<z<0.3 (5 detected)

• SEAMBH2014: 10 objects with 0.1<z<0.4 (5 detected)

• SEAMBH2015-2016: 10 objects are being observed





2.4-m telescope

longitude:100°01’51”E
latitude: 26°42’32”N
altitude: 3193 m

Average seeing：~1.5”
Rainy season: Jun. – Sep.
tracking accuracy: < 0.5”/h



Observing strategy

• observe a nearby comparison 

star along the slit simultaneously

• photometry to test calibration



Properties



Mrk 335

Du et al. 2014



Light curves in 2013
(Du et al. 2015)



Host subtraction

SEAMBH2012: HST images

From SEAMBH2013: empirical relationship in 

large sample



Where are SEAMBHs in the R-L relationship?



R-L relationship

Du et al. (2016a)



Du et al. (2016a)

R-L relationship



A New Size-Luminosity Scaling Relation

Du et al. (2016a)



If possible to estimate Mdot directly from the spectra?



Correlates with Eddington ratio

(e.g., Boroson & Green 1992; Hu et al. 2008; Dong et al. 2011)

Strength of Fe II



Hbeta profile

(e.g., Kollatschny & Zetzl 2011)

Collin et al. (2006)



Accretion rate estimator?  -- fundamental plane

Du et al. (2016b)



Du et al. (2016b)

Accretion rate estimator?  -- fundamental plane



New scaling relation + Fundamental plane



one of predictions in slim disk

(Wang et al. 2014) Self-shadowing effect of slim 

accretion disk

(Wang et al. 2014)



Prediction of geometrically thin disk

Du et al. (2016a)



Slim accretion disk --- photon trapping effect

• Slim accretion disks (e.g., Abramowicz et al. 1988, Wang & 
Zhou 1999, Mineshige et al. 2000, Watarai et al. 2001, …)

Photon trapping

The dependence of Lion on Mdot is weak.

The dependence of RBLR on Mdot is weak. 

  MMalL )ln1(0




geometry and kinematics of BLR



Velocity-resolved time lags



Broadening caused by the instruments

Fortunately

• Broadening ~ 500km/s, FWHM ~ 1000-1500km/s

• Wider slit --- more serious broadening

• The information in the dispersion direction --- lost



Richardson-Lucy deconvolution

Broadening KernelDeconvolve
Du et al. 2016c
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broadening

Du et al. 2016c



Simulations



Du et al. 2016c



Du et al. 2016c



Before and after the deconvolution

Du et al. 2016c



Du et al. 2016c



How precise if SEAMBHs are distance probes?



luminosity 
distance



calibration



least chisq

calibration



After calibration

Observed scatter: 

~0.15dex

Estimated intrinsic 

scatter : ~0.04 dex.

SEAMBHs:  

good quality standard 

candles
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Du et al. (2014)+Wang et al. (2014)



Nearby AGNs with normal accretion rates



NGC 5548
(Lu, Du et al. 2016)



(Lu, Du et al. 2016)

NGC 5548



Summary

• SEAMBHs: shorter Hβ time lags (by a factor 2-8);

• New scaling relation & fundamental plane: BH mass estimator

• Saturated luminosity: probe the distance in the universe

-The accuracy of SEAMBH candle: ~ 0.15 dex;

• Deconvolution and velocity-resolved time lags;

• NGC 5548: evidence for radiation pressure

Thanks!


