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A complex interplay and the role of AGN

ASTRON

p Galaxy formation by coalescence of smaller objects and by the accretion of gas directly from its

environment => complication: tight interplay between star formation/AGN activity and ISM
of a galaxy and its surrounding IGM.

| Cooling of ISM/IGM |
¢ fuelling the BH activity §

Interplay (or feedback) incorporated in galaxy
formation models, e.qg., to reduce the number of
massive galaxies forming and to explain the tight
correlation between the mass of the stellar spheroid

and that of the central black hole

} Temporarily stop}
L of the fuelling 4
and of the {. et
I central activity § =8

} Energy output :
t influences/stops §
this cooling ;

Wagner & Bicknell 2011 Fabian et al.
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Gas outflows: the cold component of gas may be

the dominant one! ASTRON

Gas outflows: common in AGN

originally found in UV/X-ray gas => but limited to pc scale

4

More promising: cold gas and effect of the radio plasma
p outflow of cold gas found in HI and molecular gas
p mass outflow rates comparable with starburst winds

p the mechanism => |ocation of the outflow coincident with bright radio features

Started with the HI....... * ] L |

~1500 km/s

Broad (~1000 km/s)
blueshifted HI absorption
=> signature of outflow

.now found also in molecular gas RPN TE R
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An important role for the radio plasma:
the small scale ASTRON

p Radio jet can provide a mechanism for producing fast gaseous outflows: coupling with all
phases ISM and effective on large scales.

p Cocoons around the jet (shocked/disturbed gas over a large region)

p Focus on the effects of the first phase (or restarted phase) of the radio source
~/5 kyr 93500.00

2D and 3D simulations: jets interacting with inhomogeneous medium,
(Sutherlands & Bicknell et al. 2007; A.Wagner & Bicknell 2011)
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An important role for the radio plasma:
the small scale ASTRON

p Radio jet can provide a mechanism for producing fast gaseous outflows: coupling with all
phases ISM and effective on large scales.

p Cocoons around the jet (shocked/disturbed gas over a large region)

p Focus on the effects of the first phase (or restarted phase) of the radio source

~ The radio sources that
Richard used to like so

~100 kyr

much!

- -

2D and 3D simulations: jets interacting with inhomogeneous medium,
(Sutherlands & Bicknell et al. 2007; A.Wagner & Bicknell 2011)




ASTRON

This talk: brief overview of some recent results
to quantify the importance of cold gas

o o o B e i e B s e e o B e e L o o e B ks e el o Ca e ey i TS O D o e e o T e e e R o A A O O Y R R R R o A A D R G R ) D PRI R R Py
a
.
i
i
p
v

| Main messages:

;  outflow of atomic and molecular gas found in a growing number of radio sources:
-~ outflows as complex and multiphase structures

e location better known in some cases

/; * the cold gas appears to be the dominant component in jet-induced outflows despite
- the high energies dumped in the ISM by radio jets

| » the estimated mass outflow rates may not be large enough for what needed in
I cosmological simulations: what is wrong? f




Outflows of HI & molecular gas: we keep on finding more .....

ASOung, festarted (?), farlR
* bright radio source: 4C12.50
. .

» SR
2 -
.. : .
Ny . "I

Radio jet interacting with a
clumpy medium left over
from merger: plasma flow
temporarily disrupted?__

4C 12.50

lllllllll

4C12.50 => HI outflow occurring inside 100 pc from the nucleus
e Mass outflow rate Mgyot ~ 10-20 Me/yr
e BH mass => 6x10’ Me (Wu 2009)
¢ (kinetic) Energy flux ~1042 erg s
e Eddington luminosity EqotLgq ~10* (few x 10-3 fraction of bolometric
luminosity)

36000 37000 38000
-1
Vhe] (kms )

VLBI observations to locate the broad HI absorption...
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Outflows of HI & molecular gas: we keep on finding more .....

1IN UUI ILIy UVUuUluUuuluu Wi \(doyia X

A®Oung, festarted (?), farlR Combes 2012) comparable with HI
* bright radio source: 4C12.50 il A i N .
.

- inverted HI .abs;orption4
- (C0(3-2) data
== fit to CO emission

N ' N : -
Radio jet interacting with a - ' . S .‘_,,. . fitto CO absorption
clumpy medium left over ! ' N o

from merger: plasma flow
temporarily disrupted? I abso

VLBl /A
4C1250 [/
il A

.
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0 1000 2000
V (km/s)

PdB, Dasyra & Combes 2012

4C12.50 => HI outflow occurring inside 100 pc from tﬁénucleus
e Mass outflow rate Mgyot ~ 10-20 Me/yr

e BH mass => 6x10’ Me (Wu 2009)
e (kinetic) Energy flux ~1042 erg s oy ,HI I(\INIS,
e Eddington luminosity Edoyl.qq ~10-4 (few x 10-3 fraction of bolometric 36000 37000 38000
-1
luminosity) Vi (kms )

VLBI observations to locate the broad HI absorption...

7
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IC5063: off-nuclear HI outflow

ASTRON

} First case of fast outflow (700 km/S) of neutral hydrOgen (Morganti et al. 1998, Oosterloo et al. 2000)

p One of the clearer examples of jet/cloud interaction: outflow at the location of the
bright radio lobe

L HI (emission)velocity field

DEC (J2000)

Vhel(kro's)

20b52m1/° 52m Q3
RA (J2000)
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IC5063: off-nuclear HI outflow

ASTRON

} First case of fast outflow (700 km/S) of neutral hydrOgen (Morganti et al. 1998, Oosterloo et al. 2000)

p One of the clearer examples of jet/cloud interaction: outflow at the location of the

bright radio lobe
Galaxy rotation (HI emission)

DEC (J2000)

Vhel(kro's)

20b52m1/° 52m Q3
RA (J2000)
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IC5063: off-nuclear HI outflow

ASTRON

} First case of fast outflow (700 km/S) of neutral hydrOgen (Morganti et al. 1998, Oosterloo et al. 2000)

p One of the clearer examples of jet/cloud interaction: outflow at the location of the
bright radio lobe

L HI (emission)velocity field

DEC (J2000)

Vhel(kro's)

20b52m1/° 52m Q3
RA (J2000)
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IC5063: off-nuclear HI outflow

ASTRON

} First case of fast outflow (700 km/S) of neutral hydrOgen (Morganti et al. 1998, Oosterloo et al. 2000)

p One of the clearer examples of jet/cloud interaction: outflow at the location of the
bright radio lobe

L HI (emission)velocity field

DEC (J2000)

Vhel(kro's)

20b52m1/° 52m Q3
RA (J2000)

Outflowing gas (HI absorption)

Thursday, 19 April 2012



IC5063: HI and CO outflows

ASTRON

APEX CO (2-1) profile

Outflow of molecular gas
e in addition to the Hl

HI integrated
profile
(not on scale!)

k Location fagjoytflow 3¢ | | I A R A ™
: . Hiabsorption
@ Mass outflow rate: HI gas ~ Mgor= 12 Me/yr

molecular gas ~ Mgot= 7 Mo/y

3000 3200 3400 3600 3800 4000 ionised gas ~ Mdot= 0.08 M@/ yr
« (km s e (kinetic) Energy flux ~1042 erg s

: ’ e Eddington luminosity EdotlLegg ~10-° (few x 10-2
o S & fraction of bolometric luminosity)
| T HI absorption
| profile
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IC5063: HI and CO outflows

ASTRON

APEX CO (2-1) profile

Outflow of molecular gas
e in addition to the Hl

HI integrated
profile
(not on scale!)

k Location fagjoytflow 3@ | 4 I A R I
- « Hiabsorpton
@ Mass outflow rate: HI gas ~ Mgor= 12 Me/yr
) __ Hiemission

molecular gas ~ Mgot= 7 Mo/y

3000 3200 3400 3600 3800 4000 ionised gas ~ Mdot= 0.08 M@/ yr
« (km s e (kinetic) Energy flux ~1042 erg s

: ’ e Eddington luminosity EdotlLegg ~10-° (few x 10-2
o S & fraction of bolometric luminosity)
| T HI absorption
| profile
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HI outflows in radio galaxies: location, location, location!

ASTRON

broad, shallow absorption by neutral gas
\ 3C 293
Hlabsorption
10'_ | | | | | | | | | | | | | | | | | | | l-
i \ > I
14COkms i
°%%‘*‘thm A

-~ : ‘\:\z\l | [ | ([ L I ]14‘;0 ;nll 5-11 ] L I} I | A | i
'2.: . N 0 Efiadiianans mm'“"’“’""‘“‘“‘“‘al e —
_ ¢ ; : e
Broad absorption B D E 4 Kd ;
t~038% [ | r by 1B 1 |
N, ~ 6 x 1020 cm2 j a M 1P "‘\ ?
fOI’ TSPIN ].OOK -0 ol '150;_ “ _
- - -oo— —
~ Y - 12020 12.203 13{])&) 1351"00 14(1130
-30 |— g g g Bt oge g g B0 g ge de g 1o e e pe 1o V"e' (s )
12000 12500 13000 13500 14000

]
Vhel (kms )

Morganti et al. ApJL (2003)

Deep absorption: Haschick & Baan (1985)
Beswick et al. (2002)
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HI outflows in radio galaxies: location, location, location!

broad, shallow ¢

ASTRON

Broad absorption
t ~ 0.38 %
N, ~ 6 X 1020 cm™
for Teppy=100K

Broad HI absorption
identified with a fast HI

Morganti et al. ApJL (20 outflow
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3C293: new EVLA data

ASTRON

Confirmed broad absorption (> 1000 km/s)
against the W lobe (very weak core at 1.4 GHz)

Dec: 31° 26'

,czéé “», LBI+MERLIN+VLA 1.4GHz

4

(Beswick et al 2004)

........................

0000000

] T R e B B e e T S

Velocity (km/s)

3C293 => HI outflow occuring up to/about 0.5 kpc from the nucleus
Mass outflow rate Mgot ~ 50 Me/yr

140001 MahOny, MOrgantl et al 4? - . . BH m.aSS => 10% Msun (WU 2009)
—1 o A . (kinetic) Energy flux ~1043 erg s
13“52‘“18-58 18.0° 17.6° Eddington luminosity Eqotlogq ~10-2 (few x 10-2 fraction of

Right Ascension (J2000 “ bolometric luminosity)
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What is the impact on the galaxy?

ASTRON

warm (ionised)

Mass outflows 10> Msun

Mass outflow rate 0.1-10

Eyin/ Ledd 10> - 10°

Only small fraction of accretion power
Holt et al. 2007, 2011

v Significant fraction of the bolometric |
(less than required in cosmological sim

cold (HI)

>10° Msun

) comparable to the lower
1-50 Msun/yr end of starburst superwinds

Rupke et al. 2002
(few X) 104 - 10-3 (Rupke et al. 2002)

uminosity (10-2) but not of the Eddington luminosity

ulations)

v In some cases, larger contribution from the molecular gas, but not enough statistics yet

v These outflows are nevertheless important for understanding the evolution of the radio jets -

in particular the first phases of their life
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What next? ....

ASTRON

Quantlfy the relevance of these outflows for galaxy
evolution

Explore the apparent connection between phase in
. the life cycle of radio AGN and presence of gas |




What next? ....

ASTRON

Quantlfy the relevance of these outflows for galaxy
evolution
Explore the apparent connection between phase in
| the life cycle of radio AGN and presence of gas |
- Radio jet acting in the first (or in a restarted) phase of activity: how often is this

happening? => wide field search at low frequencies to find signatures of
“relics” with e.g. LOFAR

- Deep observations to trace the kinematics of the HI => using stacking while
waiting for SKA! => rare objects => large-area search with e.g. Apertif

- molecular gas with e.g. ALMA
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- ,
Broad HI absorption
identified with a fast HI HI absorption against the central,

outflow newly-born radio source

DECLUINATION (22000

DR TR A Nt as T
34 0 955 w0
PG ASTENSION (120004

... and many more
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How often a radio source restarts....

P
. i ¥ ' =P
Looking for signatures of this in
LOFAR images....

HI absorption against the central,

MilliARC SEC

oroad ni aosorpuon
identified with a fast HI

outflow newly-born radio source
N v
36°
2 | £ Y e S~ 12000 18500
N . . # -
' ¢ . - o
| - L h

= =& s EONGOEERAl el | ... and many more

~ +35° LOFAR 60 MHz - 6h
‘ 3x3 deg, rms 20-30 mJy/b
v ° Shulevski et al. ;
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Using stacking we can reach interesting limits....
ASTRON

Example: WSRT data Lockman Hole (HI for free from the
continuum observations, see poster)
+ SDSS spectra

Making use of the relatively broad band

=> covering redshift up to 0.1

Stacked profile
'HI detection of gaIaX|es with SDSS
‘redshift available (about 150)

400 |~

500

O N - /\ /\ /\ v//__-\__A_'/(\“A‘/\/\—A ;
""" )”!""*CjL“‘ifc"\/"-‘=<;/----——-—-—-—t;zsz:__-______*Q;;,L_____;cf_3~ﬁ__:

I | | | | I | | | |
1410 1420 1430
v (MHz)

HIl Detection at z=0.1

Noise ~10 uJdy
Gereb, Oosterloo, Morgantsi
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Characterising gas in radio sources with stacking

Radio power AST QON

| peaked at 1022 W/Hz

Using data of a deep field (Lockman
Hole) to test characterisation of HI
content of sub-mJy radio sources via
stacking

0.5 1.0 1.5 1
Peak Flux (mJy) 25 21.5 22.0 22.5

log(P) [W/HZ]

“Blue” radio sources “Red” radio sources

- HI in emission detected in various groups of
« radio sources with redshift z<0.1

D(4000) > 1.6

The presence of HI absorption
has not been yet investigated:
those systems will be rarer

=> larger search area required!

Gereb et al. in prep
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ASTRON

i Main results:

| * outflow of atomic and molecular gas found in a growing number of radio sources:
outflows as complex and multiphases structures

' » location better known in some case
| * the cold gas appears to be the dominant component in jet-induced outflows despite
- the high energies dumped in the ISM by radio jets

’» e the estimated mass outflow rates may not be large enough compared to what
I needed in cosmological simulations: what is wrong? ;

For the (near) future:

e wide-field search at low frequencies to find signatures of “relics”

e search for HI absorption and stacking to improve sensitvity (and look for
the presence of outflows)
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