Gilant Outflows Iin z~2 Radio Galaxies
“Omoking Gun” Evidence for AGN |
feedback at the Quasar Peak ..
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ilk & Rees (1998): AGN feedback as a solution to the “hierarchy problem”
why are massive galaxies “old, red, and dead” ?
why is the number of massiveygalaxies so small ?



Kpc-scaled winds in powerful AGN?
PMAS, Calar Alto

QUMBHI015, fym B 2md 198 Christensen et al. (2006)
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90 % of powerful AGN do not show extended gas ...

Nicole Nesvadba — AGN-driven Winds in HzRGs



Kpc-scaled winds in powerful AGN?
PMAS, Calar Alto

§1BD243616, Ly & zmd, 198 Christensen et al. (2006)
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90 % of powerful AGN do not show extended gas ...

... those that do (10%) are radio-loud
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E, ~ 10506 erg
t,,, ~ few x 10/ yrs
M ~10"M, «*




Impact on early-type galaxies at low z

Morganti et al. (2005) Best et al. (2006)
jet-driven outflows of neutral gas heating (radio source) ~ cooling
nearby powerful radio galaxies SDSS study of nearby early-type galaxies
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AGN outflows at high z ?

The star formation era

SFRD (M, yr=! Mpc-3)
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AGN outflows at high z ?

The star formation era

SFRD (M, yr=! Mpc-3)
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High-redshift radio galaxies

Tracing the upper end of the galaxy mass function at z>2
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High-z RGS@ low-z RGs !

Very gas rich (fgas~ several x 10%), actively star-forming, SFR> 1000 M yr"

sun

I e.g., Archibald et al. (2001)

De Breuck et al. (2004)
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A systematic study of z~2 radio galaxies

Nesvadba et al., in prep.
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Morphologies of high-z radio galaxies
Stellar continuum: compact; ionized gas: often extended

MRC2104-242, z~ 2.3 Nesvadba et al. (2006, 2008, A&A subm.)
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Gas kinematics
[OI11]15007 velocities / widths

MRC0406-244, z=2.42

McCarthy et al. (1996)
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Gas kinematics
[OI11]15007 velocities / widths

MRCO0406-244, z=2.42

McCarthy et al. (1996)
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Nesvadba et al. (2008, A&A submitted)
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Jet Orientation: Evidence for Outflows

Nesvadba et al. (2008), A&A submitted

passage through magnetized plasma < depolarization
“Laing-Garrington effect” Laing (1988), Garrington et al. (1988)
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Jet and ionized gas: Coordinated growth

predicted radio morphologies
(Sutherland & Bicknell, 2007)

¢

observed emission line morphologies (Ha + [NIl])

D.. <0.4” (2kpc)
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Jet and ionized gas: Coordinated growth

predicted radio morphologies
(Sutherland & Bicknell, 2007) "

¢

observed emission line morphologies (Ha + [NIl])

D.. <0.4” (2kpc) D...=2.4” (20 kpc)
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Jet and ionized gas: Coordinated growth

predicted radio morphologies
(Sutherland & Bicknell, 2007) "

'

D,.. <0.4” (2 kpc) D .. =2.4”(20kpc) D4 = 7.6” (60 kpc)
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Evidence for jet-driven outflows

Correspondence between the radio and line emission
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Evidence for jet-driven outflows — \ssvadea etal. (2007)

Nesvadba et al. (2008)
Correspondence between the kinematics and the jet properties

AGN lifetimes ~ 107 yrs 0 &:”5"‘ " 10
. Martini 2004 2
(2) Time scales: _
jets / outflows with similar tdyn b
_— 7 g E
tyyn = few x 10% yrs Al ], }

- é}) v=R/t |
“coupling efficiency” e e
n-~ 0.1 offset [arcsec]

3) Energles: Py S
jets can provide 107 erg 57, v, =235 [dE/dt] " n "5t 25 km s
E .. .=10°% erg

tot,jet
(e.g., Bicknell et al. 1997, Wan et al. 2000,

_~ 59-60 . 7
E. =10 erg in 10" yrs
Birzan et al. 2004) , , , ,
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Impact on the ISM:
lonized and ...

lonized gas mass:
— Hox
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Impact on the ISM:

lonized and molecular gas

lonized gas mass:
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A compact source: TN JO121+1320

Nesvadba et al. (2007), A&A 475,145 De Breuck et aTI (2003)

1E 900 a0 steIIar contlnuum (K-band) L
— : 200 CO (3-2) t:ontours o _D-
% RT3 i ke T |
s 0f 500 g e (A =
B | P s g K
£ | 300 it

_'| :

—h

200 20 55 —

o
=
DECLIMATION [J2000)
8
:i \ i
LT AN

=)
D
8 W
3 0 100 S
-‘d—j il I:,-- P
5 0 km/s | ;

'1 : i

100 45 [ B wam T t ¥ ioba I e
o1 21 436 434 432 430 428 426 424 422 420
offset [arcsec] RIGHT ASCENSION (J2000)

stellar continuum in A, B
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: : : : M., ~4x10"M ~ 20%
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SFR [Mg/yr]

Impact on the Host Galaxy

(A) stellar mass assembly Nesvadba et al. (2006), ApJ 693,651
Nesvadba et al. (2008), A&A submitted
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Outflows in HzRGs correspond to the dynamical requirements of
AGN feedback as postulated by the evolutionary models
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Impact on the host galaxy
(B) Chemical Evolution

Nesvadba et al. (2006), ApJ 693,651

Differential Enrichment as “Cosmic
Clock”, abundance ratios in stellar
atmospheres

different SNII / SNla timescales

E @ 3
L Thomas et al. (2005) J[ : [« / Fe] enhancement

2.2 2.4
log ¢ (km/s)

teg < 10° yrs, M(10°yrs) ~ 10" M,
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Efficiency of AGN feedback: A global V|ew

local black hole mass density + radio luminosity function

Yu & Tremaine (2002) Willott et al. 2001
rest mass energy equivalent global energy output of HZRGs
5 x 10°° erg Mpc3 9 x 10°° erg Mpc?

models: 0.5% | J> Ng., ~ 0.2 % ‘ < i
Springel et al. (2005)
Di Matteo et al. (2005), Hopkins et al. (2006)
Scannapieco et al. (2004) .njcole Nesvadba — AGN-driven Winds in HzRGs



AGN-driven outflows do exist at z~2

Mass
I i 10
lonized few x 1010 M, - M
r|\1/|10IecuIar,CO < Ew x 10" M, galaxy at z~2
ion = H2,cold
Sizes
ionized gas ~ 20-30 x 10 kpc REENPELCEICUEN 20 10 o0 - i0 20 0 _ao
continuum ~ 5-8 kpc jet axis [ _'
Kinematics st 0"\
Av ~ 1000 km s v~y 22l
FWHM ~ 1000 km s e e : i
7 turb bulk or
tyyn ~ 107 yrs bt L
E. ~ 10% erg E~E. o
n(jet/gas) ~ 10% - sf N

NMe/Eyin) ~ 0.2%

... but it's the jet
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... evolutionarily significant!
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