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Elusive dual AGN revealed by WISE



Hopkins et al. (2008)



Villforth et al. (2017)

Cisternas et al. (2011)

Recent challenges to the picture that mergers can trigger AGN, even at the 
highest luminosities.

Schawinski et al. (2012)

Villforth et al. (2014) 



DR7 pairs sample:  
Projected separation <80 kpc
DV <300 km/s
Mass ratio  0.1 - 10 

Yields:  ~14,000 galaxies in 
pairs.

Construct control samples that 
are matched in mass, redshift 
and environment: typically 
100s control galaxies per pair.  

Observational tests of merger induced transformations:
Galaxy pairs in the SDSS



Post-merger sample

97 visually selected 
post-mergers from 
Galaxy Zoo.

Control matching 
and analysis done 
exactly same as for 
pairs.



AGN frequency: from optical emission lines

See also Ellison et al. (2011), Khabiboulline et al. (2014)

Although AGN may be triggered by first pass, fraction increases most 
strongly after coalescence

Ellison et al. (2013)



AGN frequency: from mid-IR colours

Satyapal et al. (2014)

W1-W2>0.8

W1-W2>0.5

Optical BPT

Significant fraction of merger triggered AGN are dust obscured and 
not seen as AGN in optical.



Increase in AGN luminosity at smaller 
separations.

Measured in the mid-IR 
with WISE: 
Satyapal et al. (2014)

Measured in the optical 
with [OIII]:
Ellison et al. (2013)



Ellison, Patton & Hickox 2015

Low excitation radio galaxies – not triggered by mergers

AGN excess depends on selection technique



ΔSFR

Ellison et al. (2016)

Radio-selected AGN (LERGs) 
are strongly UNDER star forming

Optically-selected AGN are 
slightly UNDER star forming

mid-IR-selected AGN are OVER 
star forming

More evidence that not all AGN exhibit 
same galaxy host properties: star 
formation rates.
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Blecha et al. (in prep)

Mergers preferentially related to obscured AGN: simulations

a b c d





The final stages of the merger sequence: the hunt for dual AGN

Small number of dual (r<10 kpc) AGN known.  Most discovered 
serendipitously in X-rays or radio.  Targeted searches (e.g. dual peak 
emission lines) largely unsuccessful.



The search for binary AGN: a pilot study with Chandra

6 mergers from SDSS selected to have red WISE colour: W1-W2>0.5.
All are classified as SF or composite on BPT diagram.



The search for binary AGN: a pilot study with Chandra

4/6 mergers (rp <10 kpc) with WISE AGN colours identified as dual AGN 
candidates with Chandra, increase number of close dual AGN confirmed in 
X-rays by 50%.

Satyapal, Secrest, Ricci, Ellison et al. (2017, submitted)



WISE mid-IR selected duals tend to be highly absorbed

Satyapal, Secrest, Ricci, Ellison et al. (2017, submitted)



Finding dual AGN with IFU spectroscopy. 



Combining MaNGA (SDSS-IV) with WISE

First public release of MaNGA data in July 2016, as part of SDSS 
IV DR13 ~ 1400 galaxies.



Combining MaNGA (SDSS-IV) with WISE

Ellison et al. (2017)
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Dual AGN with 8 kpc separation confirmed with 30 ks of Chandra 
DDT time. 

Ellison et al. (2017)

X1: Log LX = 4x1043 erg/s
X2: Log LX = 4x1041 erg/s

X1 fit: Gamma = 1.6,Log NH = 2x1022 cm-2

X1

X2



Summary

• Mergers can trigger AGN, and enhance their accretion rate. Ellison 
et al. (2011, 2013).

• IR selected AGN more prevalent in mergers than optically selected 
AGN – mergers more frequently to lead to obscured AGN.  Satyapal
et al. (2014)

• Mergers are not responsible for most low excitation (low luminosity) 
RL-AGN Ellison, Patton & Hickox (2015).  

• AGN host galaxies have different star formation rates depending on 
their selection technique.  Ellison et al. (2016)

• IR selection very effective for finding dual AGN (which are often 
highly obscured).  We have increased the number of X-ray 
confirmed dual AGN by over 50%:  Satyapal et al. (2017), Ellison et 
al. (2017). 


