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Hierarchical Assembly of SMBHs

* As galaxies merge through the .
hierarchical structure formation,
so should their central SMBHs

— Major expected source of
gravitational wave bursts

— Part of the co-evolution of galaxies
and SMBHs

* Could be observed as binary AGN in
merging systems
— Binary QSOs have separations from
tens to hundreds of kpc

* The goalis to find a population of
binaries with ~ kpc separations, or
closer

2.90 Gyr T = 3.00 Gyr

Kazantzidis et al.

— A few systems have been seen




Targets: selected from the samples of AGN with double
|0 III] 5007 lines, by Wang et al. (2009), Liu et al. (2010), and
Smith et al. (2010), with 0.02 < z < 0.69, unresolved in SDSS
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-
\The Observations

* Integral field spectroscopy:

Keck LGS AO + OSIRIS, 6 and 7 March 2010 UT, / H band
3 sources: 2 type 1 and 1 type"‘Z AGN

Iniaging:

Keck LGS AO + NIRC2, 3,- 4 June 2010 UT, / K’ band

WF (40 mas/pixel) and?F (10 mas/pixel)

47 sources;: 15 tyfe 1 and 32 type 2 AG



A Population of Close Double AGN
* 16 out of 50 resolved doubles, proj. separations 0.6 - 12 kpc

* Many show merger-type morphology

= .

= e ,
; !
0952+2552 1155+1507 1239+5314 1248—- 0257
: e [ |-
& o o )
o
1108+0659 1146+5110 1157+0816 1240+ 3534

Top row: type 1, bottom row: type 2

FOV =10 arcsec



A Population of Close Double AGN
* 16 out of 50 resolved doubles, proj. separations 0.6 - 12 kpc

* Many show merger-type morphology

-

1307+4604 ¢

+-

1502+1115 ¢

+

|||||||||||

|||||||||

|||||||||||

1332+0606 -+

+ —

1356+1026 ¢

+ —

1652+3107 1

1720+3106 -

Top row: type 1, bottom row: type 2

FOV =10 arcsec



Resolved Spectroscopy

OSIRIS H-band -32 kKm/s 170 km/s 546 km/s
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Velocity Splitting (km/s)

Some Interesting Trends

Velocity splitting does not depend Resolved binary AGN are outliers
on the morphology or the AGN type in the M,, - 0, relation; unresolved
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Conclusions and Future Work

At least ~ 1/3 of all double-line AGN are resolved doubles
with ~ kpc separations; the rest may be:

— Unresolved, with sub-kpc separations
— Due to other mechanisms: jets, truncated/asymmetric NLRs...

This is most likely the expected population of SMBH
binaries on their way to merging
— Supported by the merger-type morphologies of the hosts

— Merger fraction increases with redshift as expected from the
structure formation models

: : : arXiv:1009. 0767 AplJ in press
Close binaries increase the ; B-hp

scatter of the M, - o, relation

Future work: increasing the E |
sample, kinematical
measurements and modeling 1108+ 0659%




