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Mergers

• Structure formation

• Formation of 
elliptical galaxies

• Triggering starburst? 

• Triggering AGN 
activity?

Credit: Philip HopkinsBinary Supermassive 
Black Holes
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Liu et al. ApJ 708, 2010

No. 1, 2010 TYPE 2 AGNs WITH DOUBLE-PEAKED [O iii] LINES 429

Figure 2. Example double-peaked AGNs. Shown here are SDSS gri color-composite images and host-subtracted spectra (data points in red and smoothed curve in
black) along with our best fits (model in green and individual components in magenta) for the Hβ-[O iii] region. The vertical lines are drawn at the systemic redshift
of each galaxy as measured from stellar absorption features.
(A color version of this figure is available in the online journal.)

fitting process with a double-Gaussian model, and took as the
best fit the model which had the smaller reduced χ2 for each
object. We visually inspected all the fits and verified that the line
profiles are generally well reproduced by the model. For [O iii],
the typical statistical errors in the best-fit velocity difference
between the two components voff , line fluxes, and FWHMs are
∼5 km s−1, ∼5%, and ∼10 km s−1, but we caution that the

actual uncertainties are likely to be larger. For Hβ, the statistical
errors are generally a few times larger because Hβ is weaker
than [O iii].

2.2. Selection Completeness

Our selection of double-peaked objects was done by eye
and is by no means objective. To gain some sense of our

Binary SMBHs

• Only a few confirmed ones. 
Projected separation:

• 10 - 100 kpc: 0.1%

• kpc: handful confirmed 
(e.g. Komossa et al., 
2003; Bianchi et al. 
2008)

• pc scale: 1

• How to find them?

• double peaked emission 
lines?

• ....
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SDSS J1536+0441 Mrk 78

– 9 –

Fig. 1.— EVN grey-scale image at 5 GHz of the SDSS 1536+0441 field. This image was
obtained applying natural weighting and has a resolution of 12 × 7 mas at position angle
10◦ VLA-A (on the right) and VLA-B are clearly distinguishable with SNR of 50 and 15

respectively.
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Fig. 2.— Contour plots of component VLA-A (right) and VLA-B (left) of SDSS 1536+0441.
The beam size is 12 × 7 mas at position angle 10◦. The 1σ r.m.s noise is about 0.015 mJy

beam−1. First contour is 3 times the noise and each inner contour is
√
2 times brighter.

Bondi & Perez-Torres, ApJL 2010

Wrobel & Laor, ApJ 2009

Whittle & Wilson, AJ 2003

Wednesday, April 13, 2011



Observations

• Target: SDSS QSO 
reported to have double 
narrow emission lines 
(Peng et al. 2010)

• 2 hour-long exploratory 
e-EVN

• at 1.6 GHz 

• 26.01.2011

www.jive.nl
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∼430 mas
∼2.5 kpc
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Future work

• Two cores? ⇒ Multi-frequency 
observation

• Observation of a larger sample 

• What is the best way to define the 
sample
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