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Active Galactic Nuclel (AGN)

Nuclel of some galaxies have a much A4
higher luminosity which can not be |
explained by stellar emission.

Low Velocity

Black Hole

These extra luminous nuclel are called
active galactic nuclei (AGN) . \

AGN emit a huge amount of energy from a
small region at the center of the host galaxy.

The energy from the central engine is due
to accretion onto a central super massive High-Jelacky
black hole (SMBH).

Accretion
Disk



AGN Pair : Why we expect them at the
centers of galaxies?

e Observations show almost all ¢ According to hierarchical models of

galaxies have central SMBHs galaxy formation, galaxies formed
from mergers
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http://hipacc.ucsc.edu/PressRelease/GalaxyCollisionRate.html
http://transudationism.blogspot.com/2014_01_01_archive.html

How do AGN pairs form in the centers
of galaxies?

e Simulations show that mergers
cause gas accretion onto the
SMBHs which can ignite AGN
activity in the BH pair

During mergers SMBHs sink to
the centre of the merger remnant,
finally resulting in gravitationally
bound SMBH binary systems
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http://alma-intweb.mtk.nao.ac.jp/%7Eiguchi/egalaxy.html

Motivation

* Our main aim is to understand the end stage of galaxy
mergers — how the nuclel of the individual galaxies
settle into the final remnant, how they affect the
surrounding stars and gas and vice versa.

 Dual AGN is one way we can trace the end state of
mergers.

* As a first step we want to detect dual AGN systems.



Dual/binary AGN : Direct detections

1. Two cores in radio image 2. Two cores in X-ray map

MIRK 739

Koss et al 2011

Image courtesy: NRAO and F.N. Owen et al
3. Two cores with distinct spectra in optical/IR
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Indirect Signatures :

1. Periodicity in flux variability 2. X- or S-shaped radio galaxies

F|U-1 The observations of the brightness of 0J287 from late 1800’s until today.
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3. Double-peaked emission line in optical spectra
([Olll] emission lines)
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http://www.astro.utu.fi/news/080419.shtml
http://arxiv.org/abs/0809.1280
https://www.google.co.in/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwj_yZrt-orMAhUMHI4KHafjBXgQjB0IBg&url=http%3A%2F%2Fwww.astro.umd.edu%2F%7Eehodges%2Fresearch_thesis.html&bvm=bv.119408272,d.c2E&psig=AFQjCNGyblcDH1Gjtf_xPqkSzo56c8_G5w&ust=1460614415035023&cad=rjt

Detected Binary/dual AGN

From theoretical models we H Taatintensiyy l
¢ 0.83

expect a large number of _
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To date the confirmed binary . '
AGN is only 23~25. A e W
Muller et al 2015

One of the reasons for low
detection rates could be the
lack of high resolution
observations that are o
required in radio or X-ray. SR A A

McGruk et al 2015
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Sample selection for VLA proposal : dual
AGN In minor mergers

We started with 3030 Double-peaked
emission lines galaxies from Ge et al. (2012)

choosing z<0.1. 0! IRTNL EITE,
We plotted Av vs o where Av is the Doppler : ' :
separation of the [Olll] emission line and g IS - . .
the stellar velocity dispersion of the bulge. [ .d
We selected outliers in Av in the plot i.e those | ' o
that had Av > 400 km/s. e~ | :
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All have radio detection in NVSS or FIRST % | v »
survey. ® ok
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Disky in optical image. il
We selected 6 galaxies from Ge et al. 100 -

To increase our sample, we also took 2 disky
galaxies from Fu et al (2012) that radio

emission. 200 ) 00
AV (km/s)



Observation

* Telecope: EVLA
* Frequency: 6 GHz

e Array: A

e Date of
Observations: June,
July 2015

* EXxpected
Resolution :0.33"

e Data analysis with
CASA



http://images.nrao.edu/307

Results of EVLA 6 GHz Observations :

Single Cores

Single Core Extended Structure galaxies
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EVLA 6GHz Results : Dual Core galaxies

1. J1617: appears to be an ongoing minor merger

6 GHz radio image
SDSS image
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Dual Core galaxies : with optical images

2.J1203 : Separation ~0.7kpc
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J1203 : Archival Data

 We obtained EVLA archival data
on the source J1203 (that
showed two cores at 6 GHz) Iin
October 2015.
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» The archival data was X band
data centered at 8.5 and 11.5
GHz at A array.

J2000 DecEnation

* We found that the source had Ml R, 8
an interesting structure and R
hence followed it up separately.
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Archival data J1203

8.5 GHz images:
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Modeling the S-shaped structure using

Reatve J2000 Dec (arcsec)

Jet precession

CREDIT: A. Mioduszewski et al., NRAO/AUI/NSF

Hetaive J2000 A (arcsec)

We have modeled the S-shaped radio
structure using the Hjellming &
Johnston (1981) jet precession
model. The model parameters are:

e Inclination angle (i)= 52° £ 5°

e Half opening angle (§) = 21°% 2°
e Jet advance velocity= 0.023c

e Period = 10° years

e Rotation angle (x) = 33% £ 3°



Estimates of Lifetimes

« The lifetime of electrons from equipartition condition is t ~ 2.1x10°
yIs.

 We have calculated the age via spectral ageing analysis (Myers
& Spangler 1985).

e Using 6-15 GHz spectral index map, age ist> 1.3x 10° yrs.

« Using the jet extent and electron lifetime, the jet advance speed
Is 3 =0.023.

e This matches the speed in the precession model.



What causes the precession in Radio

Sources?

(1) Binary black holes orbiting each other producing precessing radio
jets.

(i) Warped accretion disks.

(i) Instabilities in the radio jets (this may not always produce symmetric
radio jets.

() We have calculated BH mass using M- o relation.

* Velocity dispersion  we have calculated using SDSS spectra and
PPXF. It is 189 km/sec.

 The esimated mass is (1.56 + 0.26) x 10° M

* We have estimated the mass ratio using keplerian circular orbit.

* We have calcuated the separation using Begelman(1980).
P .~ 600r, ~?(M/m)M ~yr

prec

 We have calcuated the separation to be ~0.02 pc.



Tilted accretion disk of a sinlge AGN

 Though binary models are interesting, a single AGN model can
also explain the helical jet morphology.

 Lu (1990) suggested that a tilted accretion disk can also
produce jet precession.

e There are few examples: 1946+708.

* We have used the period-luminosity relation from LU (1990).
* The calculated precession period is ~10° — 10° yrs.

e This timescale has large uncertainity but our jet precession

model time esimate of ~10° yrs that was obtained precession
model falls within this time range.



Origin of Double-peaked [O lll] line

* The double peaked [O lll] lines could be due to two SMBHSs.
« we used the velocity separation Av = 292 km s of the [O Ill] emission
lines.

« The calculated separation for M = 10° M_ is ~ 8 pc.

« A precession period of 4.6 x 10 yrs which is more than the Hubble
time.

« So in the precession model it is not possible that a close binary is the
origin of the double peaked emission lines.

* There is a dual system in which the precession has been induced
during a close pass; in that case we cannot rule out the possibility that
the DPAGN is due to two AGN.

* There is only a single AGN in which case the jet-ISM interaction is the
probable origin of the double-peaked emission lines.



Detecting the dual/binary AGN In
2MASXJ1203

Binary AGN at the separation of 0.02 pc: the separation is
18 microarcseconds in the sky, we cannot resolve the
second AGN with current ground-based VLBI telescopes.

A dual AGN system where a close pass of the secondary
SMBH In the past has given rise to the jet precssion.

A single AGN with a tilted accretion disk.

Future higher resolution observations may help us if the
SMBHSs are at separation lying between 40 <d< 100 pc.

The second AGN does not have sufficient radio flux
density.

Rubinur K et al.(2016), MNRAS accepted



Summary and Conclusion

« We observed 8 DPAGN with the EVLA at 6GHz. We have found 2 single compact
cores, 4 extended cores and two dual core galaxies.

 We have done the follow-up observations for five objects at 15 GHz.

 Results for J1203

— Our EVLA high resolution radio observations show that it has a S-shaped
core-jet structure with core size 110 pc and jets that extend out to 3 kpc radius.

— Our jet precession model gives a jet advance velocity 0.023c and precession
period of 10°years:this matches the source lifetime estimated via spectral

aging.

- The presence of S-shaped precessing radio jets in 2ZMASXJ1203 can be due to
binary/dual SMBH or a single SMBH with tilted accretion disk.

- Double-peaked emission lines also can be due to binary/dual AGN or NLR
kinematics of a single AGN.

- While the binary/dual SMBH scenario is supported by several suggestions, we
are unable to rule out other possibilities with the present data.



EXTRA SLIDES



Classification of AGN pairs

In the literature AGN pairs are loosely classified in the following
way based on projected separation :

« Dual AGN:
« with SMBH separations of 100 pc -10 kpc.
+ Most AGN pairs belong to this class.

« Binary AGN:
+ with separations < 100 pc.

« They are often gravitationally bound SMBHs. Such
systems are rare.



the two BHsS evolve in 3 stages:
Nature Vol 87 25 Sepoemdy

1: dynamical friction regime
in the aarly phase of merging of
the two galaxies

oM Core
egintel)

2. binary “hardening

the two SMBHs form a bound pair at
separations of order 1 pc. Their orbit
shnnks by interaction with gas/stars

Efficiency and timescale of shnnking are
a held of active research: some binanes
may stal for more than a Hubbie ime

3: emission of Grav. Waves
at sub-pc separations, emission of GW
leads 1O rapid orbital shrnkage

and coamscence







SMBHs in
galaxy pais
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