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The hypothesis: two black holes in a disk

Cuadra et al. (2009)
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Number Per Bin

The binary candidates

20

]

15

10

| NN

~5000 0 5000
Peak Velocity Shift (km s )

88 Type | active galactic nuclei

01<z<0.7

Relative 1y,

40

30

10

ll!
I

J09g5036

| J102839

! I 1 1 1 1 I
|
I

| J093844 : ' l

| J094603

094620

1 1 I 1

J104132
|
|
, I
§1 0504
r
1105203 : |
1 L l 1 l.l 1 I 1 l.l l 1
—10% 0 104

Velocity (km s1)

(21L0g) ‘|e 18 snosjoei]



Project outline

- Continue spectroscopic monitoring observations

Measure velocity variations

Check for monotonic velocity changes

- Compare spectral variability properties to regular quasars
Ensemble flux variability

Profile variability
- Optical imaging
Look for galaxy interactions.

- Radio imaging
- Simulations of the population of binary properties

+ Spectroscopic test for perturbed accretion disks

Involves comparison of Balmer and Lyman profiles
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Shifts via cross-correlation analysis

SDSS J162914.10+151415.3 BBH 044 SDSS J162914.10+151415.3 BBH 044 SDSS J162914.10+151415.3 BBH 044
T T T T T T T T I T I T I T I T I I T N I T I T I T | I ]
Optimal Shift: —3.40 ¥ 942 & 1 slI Optimal Shift: -3.90 * 137 & ] Optimal Shift: -3.93 * 1% &
g [ =992 x%/v=1.18 v= 1 = x*=175.1 x?/v=2.08 v= sl x*=106.3 x*/v= 1.26 84 1
@t S/N= 51, 29 [ 35] ] S/N= 51, 54 [ 35] @ S/N= 51, 49 [
i [AY] N
1 = © P
. o 8 B N —
8 13 5s :
N {1 &= [N
7 o
J o -1
8 1 = 3 ]
1 1 1 1 1 1 1 1 1 1 l- \ 1 N | " | ' | N 1 \ N | ) | 1 | N 1 ' 1 N
—4 -2 0 2 4 -4 -2 0 2 4 —4 -2 0 2 4
Shift (R) Shift () Shift (&)
UT 2006/05/25 SDSS original—-spectrum UT 2006/05/25 SDSS original—spectrum UT 2006/05/25 SDSS original—spectrum
UT 2010/05/12 5m Hale DBSP_RED BBH 044 UT 2012/02/19 9.2m HET LRS BBH 044 UT 2014,/04/02 KPNO KPNO 4m Mayal RCspecBBH 044
8_' T T T T T T T T T T i T LI T T '_:\8_' T T T T T T T T T T T T T, 7 T T '_‘:\8_' T T T | T T T I T T T T | T T ]
o | o=
T )
g g
Q 9]
T T
n g [72]
& &
o L -
QE | 18T 1.0 «
! 1 é: | éﬂ
o o5 o5
1 1 ) 1 1 ) ! 1 ) ! ; 1 L n 1 ) ! 1 | N | ' ! |. | N : | . | N ! ! 1 ! | | \ | " : ' | ' | ) |

4900 5000 4800 4900 5000 4800 4900 5000

4800
Unshifted Rest Wavelength (&) Unshifted Rest Wavelength (R) Unshifted Rest Wavelength (R)



Hp radial velocity [km s]

The radial velocity curve
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Number of objects

A comparison sample of regular quasars
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- 211 Type | active galactic nuclei

- multiple epochs of spectroscopy in SDSS
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Characterizing profile variability
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Compare spectra from
two epochs.

x/Nu2=0.03, no profile
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How well does a line fit
the ratio spectrum?

x2=13.7, profile varied
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Profile variability results
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Up next: a look at the host galaxies

J113651.66+445016.4 J143123.52+392501.4
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