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Original indications for a connection
❖ Correlation between the mass 

of the nuclear SMBH and the 
spheroid properties 
(dispersion; spheroid mass).  
(e.g, Magorian et al 1998; Ferrarese & Merritt 2000; 
Kormendy & Ho et al. 2012)

❖ Density of AGN activity & 
SFR trace each other with 
redshift.  (eg. Madau & Dickinson 2014, Aird 
et al. 2010, Aird et al. 2015)  
 

Aird et al (2015)
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Expected relationships between the SFR and AGN luminosity

Fuel

Fuel Mutual dependence on the cold gas supply
 —>  Correlation

Negative AGN Feedback —> reduced SFR

Positive AGN Feedback —> enhanced SFR

(e.g., Di Matteo+05; Hopkins+05; Debuhr+12; Schaye+15; Dubois+16).

(e.g., Bicknell+00; Silk+10;Gaibler+12; Best+12; Zinn+13, Zubovas+13).



The SFR of galaxies hosting optical QSOs

Rosario et al (2013c)

Kalfountzou et al (2014)

Harris et al (2016)❖ Observed: a (weak) positive trend between the 
<SFR> and AGN luminosity

❖ Challenges/Uncertainties: 
❖ z & M* dependencies 
❖ SFRs estimated from single FIR band
❖ AGN contribution not taken into account

2<z<3

0.2<z<4

Additional: 
Gürkan+15 (0<z<0.6)
Netzer+15 (2<z<3.5)

Pitchford+16 (0.5<z<3)



Our sample of optical QSOs

❖ ~3000 Optical (SDSS) QSOs in 
Herschel-ATLAS

❖ 0.2 < z < 2.5
❖ 10^45 < LAGN < 5x10^47erg/s
❖ MIR-FIR photometry covering  

12 - 500um

Credit:ESA/Herschel Space Observatory/H_ATLAS consortium



Analysis

❖ z—LAGN bins with ~80sources
❖ Stacking in the PACS and SPIRE 

bands
❖ Combine with mean WISE fluxes 
❖ Fit the “mean” SED for each bin 

(following the methods of Stanley+15, 
Del Moro+13, Mullaney+11)



A comparison of methods
Monochromatic derivation 

from SPIRE-250um
❖ Stacking of the 250um images 

at optical positions

❖ Normalisation of SF SEDs to 
mean flux —> Mean of 
resulting LIR values

Composite SED fits to 
multi-wavelength data 

❖ Mean WISE, PACS, and 
SPIRE photometry

❖ SED fitting with  
AGN and SF components 



A comparison of methods

Stanley et al. (2017) 



Results: A weak positive trend
Stanley et al. (2017) 



What is driving the positive trend?

The Main Sequence of Star 
Forming Galaxies : 

A useful comparison tool

Schreiber et al. (2015)

The SFR of FIR detected galaxies: 
✤ Correlates with M* and z.
✤ Follows a tight relationship  

with scatter of 0.3dex 
(e.g., Elbaz+11; Schreiber+15)



What is driving the positive trend?

The trend observed is consistent with being driven by the M* and z of the 
sample. 

Stanley et al. (2017) 



Comparison to X-ray AGN

Results for X-ray AGN from Stanley et al (2015)  



So what’s going on?
Hickox et al  (2014)

Consistent with a scenario where: 
❖ AGN are hosted by predominately  

normal star-forming galaxies, 
❖ AGN have a broad range of  

luminosities for a fixed galaxy property (e.g., Aird et al. 2013), 
❖ a stochastic triggering mechanism of AGN  

in shorter timescales than those of star formation (e.g., Hickox et al. 2014; 
Volonteri et al. 2015)



Does not rule out negative AGN feedback
McAlpine et al. (2017) 

Reproducing Stanley+15

❖ EAGLE simulation (Schaye et al 2015; 
Crain et al 2015), which includes AGN 
feedback processes 

❖ AGN selected with similar criteria to 
observational samples.



Summary — Conclusions
❖ ~3000 Optical QSOs within 0.2 < z <  2.5

❖ <SFRs> show positive trends with LAGN, likely driven by mass (also see Yang+17)

❖ The <SFRs> of the QSOs are consistent and sometimes  
higher than those of the MS for the same mass and redshift.

❖ In agreement with X-ray AGN results where  
there is overlap.

❖ Consistent with a scenario where AGN have a  
broad range of luminosities for a fixed galaxy  
property (e.g., Aird et al. 2013), due to stochastic  
triggering mechanism of AGN (e.g., Hickox et al. 2014;  
Volonteri et al. 2015)  

❖ We need to individually constrain the properties of large samples  
(On arXiv : Stanley+18 submitted; Scholtz+18 accepted) 



Looking at distributions (Scholtz+18)


