
SDSS-RM (Reverberation Mapping) 
�  SDSS spectroscopic monitoring of 848 quasars (0.3<z<3.5) 

plus ~100 comparison stars.  
�  SDSS-III (2014, 32 epochs/6mo)   
�  SDSS-IV (2015-18+…, 12 epochs /6mo)  
�  Bok+CFHT photometric (g,i) monitoring.  

�  Measure light travel time delays. 
�  Emission-line lags vs continuum => black hole mass 
�  Continuum lags vs wavelength => accretion disk T( r ) profile. 

�  SDSS-V => Black Hole Mapper 
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Light travel time delay τ “slices up” the region                   
on iso-delay paraboloids.   =>  micro-arcsec resolution. 

Echo Tomography 

Keith Horne, SUPA St Andrews 2018 Mar 23 Warwick   



Simulation: Photo-ionised Keplerian 
disk with spiral density waves 
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PrepSpec Analysis :  Fit Residuals 
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Shen+16 ApJ 818, 30 
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PrepSpec :  Mean and RMS spectra, 
Line and Continuum Lightcurves  �  . 
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Residuals, Error bar Validation and 
Re-Calibration Tweaks 

�  . 
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Continuum 
Lightcurves  

and  
Emission-Line Lags 

CREAM (D.Starkey)  
joint MCMC fit to 
lightcurves from 

 photometry          
( Bok+CFHT ) 

+ 
 spectroscopy 

(SDSS)   
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Lags measured by 3 methods : 
CCF peak,  JAVELIN, CREAM  
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Lag Aliases and Cuts 
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Black Hole Masses 
at higher redshifts 

�  . 
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Composite Mean and RMS Spectra  
�  . 
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Horne+ in prep. 

Preliminary results T ∝ r−3/4 ⇒ Fν ∝λ
−1/3
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Continuum Lags => Disk Sizes, T( r )  
�  . 
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Homayouni+ in prep. 

Preliminary results 

T ∝ r−3/4 ⇒ τ ∝λ 4/3



2014 =>2017  better and longer lags 
�  . 

Keith Horne, SUPA St Andrews 2018 Mar 23 Warwick   

Preliminary results 



Thanks for Listening… 

�  SDSS-RM team (most active+…): 
�  Yue Shen (PI), Neil Brandt, Kate Grier, Pat Hall, 

Yasaman Homayouni, Keith Horne, Karen Kinemucci, 
Chris Kochanek, Jennifer Li, Ian McGreer, Liuyi Pei, 
David Starkey, Jon Trump 

�  + … many more … 
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