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Much observational and theoretical evidence

L supports a basic evolutionary, scenario.
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Merger of Ultra-Luminous Massive
gas-rich disks -> Infrared Galaxy = Cumar =p Early-type *
. it
~ » .
Do qugsars play an-important role in this transition?



~Theoretical models
that include quasar-

mode feedback shut'-'" _

off star formation
quickly foIIowmg the
merger . ~
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With quasar
feedback
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Springel et-al. 2005




~ Why should we be skeptical?

“I think you should be more explicit here in step two.”

from What's so Funny about Science? by Sidney Harns (1977)

We lack a good physical model... and we have Iimited ob_servdtibnal evidence

”
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We‘have abundant observatlonal evidence for feedback

" from star formation.

M82 Soft X-rays (Chandra)
' R-band (HST)

. NASA, ESA, CXC, and JPL-CALTECH STScl-PRCO06-14¢
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. Starpurst driven outflows are.usually detected via blueshifted

. absorption lines (from clumps of cold gas entrained in the hot wind)
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y , . Compostie Ov spectrum of local starbursts
\ ' ¥ Schwartz & Martin 2006
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Can we detect ‘quasa
pOwereJ outflows the

same way? Coe



Feedbac-k energy is maximum during the quasar phase, but this
\is hot the best time to Iook for outflows
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T=071 Gyr - . Springel et al. 2005

|} quasars ionize the
cold gas-used to’
trace outflows

2) absorption lines
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“Post-starburst galaxies
"can be identified by their
distinctive spectra which
lack strong nebular lines |
and resemble A-stars ,
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chal post -starbursts
(E+A K+A galaxies)
“are ‘consistent with
being Iate-stage ’
mergers |

e group environments"*
Zabludoff et al..1996 °

o bulge-domlnated morphologles
with faint tidal featurds
Yang 2004, 2007 .

. Low-Ium|n05|tyAGN (L|NERS)
“Yan et.al. 2005

* Rare locally (~I%' of galaxiés) "

but more common at high-z

Le Borgne et al#2Q06 - -
. | .
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Our Goal observe a sample of massive pOSt- starbursts at
z =0.4 - 0.8 to look for ewdence of quasar-powered outflows
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SDSS J\248+08
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Interstellar Mg Il -

70 targets selected from SDSS

37 followed up with 6.5-m MMT




SDSS J2116-0634
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Mg,ll detected
in all 37 |
_sources‘

. _ - J1604+3939
Wer-fit model 3

to determine o 15f
the stellar :
contribution, . - J0826+4305
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‘We model the
galaxies stellar -
populations

Young ages
t~100 Myr

157 Star formation
| ended abruptly |
10/ 7~25 Myr |

| 405 |
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\ ‘Fossil Galactic Winds ,

Int;erstellar Mg Il in 24/3'7 -'g'a[ax‘ies

In all cases it is blueshifted from the stellar
lines by 400 - 2000 kns .-

-

We"assume th'at_ the outflows were launched at
* the peak of the galaxies’ activity ~100 Myr ago
: 4 .

starburst, t=0 Myr post-starburst, t=100 Myr



How .fa.‘r does the wind get!
t~ a gat e .
V= 1000km/s -
- t=100Myr
o d=100kpch

- winds will escape’

" How much mass is in the
- outflow’

K N(H)J~ 10% cm?
Mwmd - |093 - IOII Msun

depends strongly on assumed geometry!

5 - 50% of the galaxy’s baryons

' .



Are these outflows really powered by quasars?
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. 7 7%%  Quasars

Py Local Starbursts
O | Schwartz & . '#
0 Martin 2004, 2006
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Are these outflows really powered by quasars?

’ .

~ 52 Quasars

Post—starbursts <z>=0.6 +
Locol starbursts «
LIRGs/ULIRGs <z>=0.1 A

- Odtflow velocity

Starbursts

- 3 B-band Magnituc.le



Are these outflows really powered by quasars?
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. ;7 %%*  Quasars

Post—starbursts <z>=0.6 +
Locol starbursts »
LIRGs/ULIRGs <z>=0.1 A
LBGs <z>=3 @

- Odtflow velocity

Starbursts *

- 3 B-band Magnituc.le



Odutflow velocity

r

Quasars

Post—starbursts <z>=0.6 +
Locol starbursts »
LIRGs/ULIRGs <z>=0.1 A
LBGs <z>=3 @
AGN-ULIRGs

Are these outflows really powered by quasars?

AGN-ULIRGs g
\ Rupke et al. 2005



Art these outflows powered by quasars?.... Probably

r

. " 7%*  Quasars

LOBAL QSOs
| Trump et al. 2006

Post—storbursts <z>=0.6 +
Locel starbursts «
LIRGs/ULIRGs <z>=0.1 A
LBGs <z>=3 @
AGN-ULIRGs
LoBALs 0.5<z<2 .

Odutflow velocity




'~ What will these galaxi_es become!?




Our post-starbursts will evolve passively into:
intermediate mass to massive early-types
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-, How does quasar feedback work!?
L : | . - v CUR N
’ | | . : | . » . ) ‘. ... - .
l) Momentum-driven winds . = - 4
Radiation pressure on
dust grains! |
Line-dri\)ihg?
Some evidence’from‘ |
BAL Quasars
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©2) Mechanfcal Energy’lnjection by Radio Jets

“ . - ] | | , | offset [kpc]
Emission line nebula in 20 - 10

z~2 radio galaxies

SINFONI ‘maps of [OIll]

sizes 10, - 20 kpc

~500 km/s ou'_cfl‘ows

,~IO0.0 km/s line widhts -
powerful shocks | -

1010 Myis of gas

offset [arcsec]

». T . St Ne‘sv;dba et al. arXiv:0809.5171v2.
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E R ~ Summary
We looked for signs of fossil | | | ‘ —
galactic winds in 37 post-starburst 07 QuosOrs
(post-quasar) galaxies

* We detected blueshifted Mg Il in
2/3 of the sample

~ ® Outflow velocities are v=400 -
. 2000 km/s

* The velocities exceed those of Post-starbursts <z>=0.6 +
' LIRGs/ULIRGs <z>=0.1 A
starbursts and show some overlap | LBOs <z>=3 s

Wlth BAL quasar’s . : LoBALs 0.5<z<2

* The outflows entrain 5 - 50% of
" the galaxies’ baryons

Quasars are likely to have played a role in expelling the cool gas
and quenching star formation



