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•  Detection: background in SN search! 
•  Science with AGN/quasars? 

Andy Howell: RM AGN campaigns è 



Latest high redshift quasar observed by 
Chinese astronomers:  Wu XB et al….  

Feb 28, 2015   arxiv: 1502.07418 



Luminosity distances with  
AGN and quasars 

Tight relationship between  
AGN luminosity and  

radius of broad line region from reverberation mapping  
time delays. 



 

 
Supermassive black holes (at the heart of every AGN) are 
surrounded at a distance by high velocity gas clouds  
 
è broad and narrow emission lines  

è characteristic of the spectra of near–face-on AGN, i.e. 
quasars and Seyfert 1 galaxies. 



Yip et al., 2004 



Reverberation Mapping 

Photons emitted by BLR gas.  
 
Radius measured  by time lag between  
-  changes in the continuum luminosity of the AGN  
-  and changes in the luminosity of a bright emission line (typically Hβ or C IV).  
 
The time lag should therefore be proportional to the square root of  
the luminosity of the central source:  
                                                                         τ ∝√L.  
 

Observable quantity:  τ/√F, (F =  measured AGN continuum flux) 
                                        =  luminosity distance to the source. 

(Blandford & McKee 1982; Peterson 1993).  



Light curves of AGN:  
Continuum and Emission Lines 

+ AGN continuum (typically measured at 
5100 Å)  
+  broad emission lines (most  Hβ) 
monitored over an extended time period.    
 
Emission-line regions are photo-ionized by 
the central source: 
changes in the AGN  continuum  strength  
è  changes  in  the emission-line  fluxes 
   
 Time  lag    
- depends on  light-travel  time  across  the  
broad-line  region  (BLR).   
-  measured by cross-correlation of the 
continuum  and  emission-line  light  curves,   
-  gives  the  radius of the BLR 



Denney AAS 
2012 



Denney AAS 
2012 



Hubble Diagram 
for 38 AGN with time lag (Hβ vs continuum) 



Luminosity distances  
AGN  vs WMAP7 

Compares  with SNIa !  
 
Need more statistics 
and higher redshifts >2 
to replace SNIa as 
geometric probes?! 



Comparison with SNIa (simulation) 



•  High time resolution, (less than 0.2 - 1 day, depending on the 
emission line). The interval between observations translates directly 
into the resolution in the time-delay axis.  

•  Long duration (several months). A rule of thumb in time series 
analysis is that the duration of the experiment should exceed the 
maximum timescale to be probed by at least a factor of three.  

      Take a lag for Hβ in NGC 5548 is typically around 20 days, so the longest 
timescale to be probed is 2r /c. The duration should thus be at least ~ 120 
days to map the Hβ emitting region.  

~ 200 days of observations are required to be certain that such an event 
occurs, and to observe its consequences in the emission lines.  

•  Moderate spectral resolution ( 600 km s-1).  
•  High homogeneity and signal-to-noise ratios (S/N 100). Both 

continuum and emission-line flux variations are small on short time 
scales, typically no more than a few percent on diurnal timescales. 
Excellent relative flux calibration and signal-to-noise ratios are necessary 
to make use of the high time resolution.  

MAPPING THE BROAD-LINE REGION 
B.M. Peterson 1 and K. Horne 2 
http://ned.ipac.caltech.edu/level5/March10/Peterson/Peterson_contents.html 



What about AST3? 

    AGN/QSO can be detected by AST3 
 
•  Similar to  SNIa for precision photometry 
•  RM needs many spectra! 
•  For AGN osmology cf Andy Howell 

comment on SNII cosmology?  



Statistics of the current RM AGN sample 

Two decades of 
effort !! 

The limitations of the current RM sample severely impact the 
reliability of the single-epoch BH mass estimators at high-redshift. 
 
Desperately need to improve the RM sample, in a more efficient way.  



SDSS-RM in a nutshell 
•  Motivation: expanding 

the RM AGN sample in 
both size and luminosity 
range 

•  Simultaneous monitoring 
849 quasars at 0.1<z<4.5 
in a single 7 deg2 field 
with the SDSS-BOSS 
spectrograph 

•  Dense photometric light 
curves since 2010- 

The Sloan Digital Sky Survey Reverberation Mapping (SDSS-RM) Project 
(PI: SHEN) 





Early science results. I. Rapid BAL variability 
Grier et al., in prep 

Fastest broad absorption 
trough variability ever 
detected (a few days in 
restframe of the quasar) 



Co-evolution of galaxies and SMBHs 
Kormendy & Ho (2013, ARAA) 



Co-evolution of galaxies and SMBHs 

•  Challenges beyond the local universe 
(z>0.3): 
– No dynamical BH masses 
– Exclusively relying on broad-line AGN 
– Host properties difficult to measure in the 

presence of AGN – need high S/N data 



Co-evolution of galaxies and SMBHs 

Bennert et al. (2014) 



 
 

Thank you for your attention! 


