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THE NEED FOR NEGATIVE FEEDBACK

Why are feedback mechanisms invoked to quench star formation in galaxies?
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QUASAR-MODE NEGATIVE FEEDBACK
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Massive molecular outflows
in local (U)LIRGs




THE PROTOTYPE: MRK 231

Discovery of a massive molecular outflow affecting galaxy on kpc scales

1) OH and H,0 P-Cygni profiles indicating 1101 Herschel
molecular gas outflowing at v~ 1000 km/s 105l OH 79um
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THE PROTOTYPE: MRK 231

Outflow detected in multiple CO transitions and in dense molecular tracers
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IRAS F08572+3915

(a) IRAS F08572+3915 (10 arcsec)
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IRAS F10565+2448

(b) IRAS F10565+2448 (cen pix)
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Massive molecular outflows seems relatively common in (U)LIRGs

[some refs: Cicone+12,14a, Feruglio+10,13, Aalto+12, Alatalo+11, Garcia-Burillo+14
Combes+13, Sturm+11, Veilleux+13, Spoon+13]
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A QUICK LOOK AT MODELS..

Blast-wave modaels..

» Inner ultras-fast (v~0.1c) and highly ionized winds v
drive strong shocks into the ISM that sweep up ISM
gas (large-scale outflow) [Lapi+05, Menci+06,
King10, Zubovas+King10, Faucher:

> The outflow may be e 0




MASSIVE MOLECULAR OUTFLOWS

Outflow mass-loss rate vs SFR
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MASSIVE MOLECULAR OUTFLOWS

Outflow mass-loss rate vs L,
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MASSIVE MOLECULAR OUTFLOWS

Outflow kinetic power vs LAGN
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MASSIVE MOLECULAR OUTFLOWS

Outflow momentum rate vs LAGN/C
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Part Il
Probing cold baryons in the halo
of a bright quasar at z>6

Very extended cold gas, star formation and outflows in the halo
of a bright quasaratz > 6

C. Cicone!’2, R. Maiolino 2, S. Gallerani>, R. Neri*, A. Ferrara3, E. Sturm’, F. Fiore®, E. Piconcelli®, and C. Feruglio4

A&A in press (arXiv:1409.4418)



J1148+5251: RECORDS HOLDER AT z=6.4




J1148+5251: RECORDS HOLDER AT z=6.4

(1) First detection of [CII]158um at high redshift
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J1148+5251: RECORDS HOLDER AT z=6.4

(1) First detection of [CII]158um at hlgh redshift
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J1148+5251: RECORDS HOLDER AT z=6.4

(1) First detection of [Cll]158um at high redshift (3) First detection of a massive

2 el | quasar-driven outflow at z>6
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NEW OBSERVATIONS OF [CII] IN J1148
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NEW OBSERVATIONS OF [CII] IN J1148
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NEW OBSERVATIONS OF [CII] IN J1148

mdJy/beam

* Very extended [Cll] emission,
completelyresolved-out by
previous high-res observations
by Walter et al. (2009)
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NEW OBSERVATIONS OF [CII] IN J1148

mdJy/beam

* Very extended [Cll] emission,
completelyresolved-out by
previous high-res observations
by Walter et al. (2009)
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MAP OF THE HIGH VELOCITY [CIl] WINGS

Resolved gigantic [Cll] outflow extended up to r ~ 30 kpc !!!
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RESOLVED OUTFLOW PROPERTIES

Mass-loss rate, kinetic power and momentum rate vs dynamical time-scale
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RESOLVED OUTFLOW PROPERTIES
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THE [CII] NARROW EMISSION
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THE [CII] NARROW EMISSION
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THE FIR EMISSION
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ORIGIN OF THE EXTENDED [ClII]

A~
[0
5
9
S
S _
9
SN’
S
— —3.5
—4 .0

IIIIIIIII |ll||||ll|lIIIIIIIIllIIIIIIIIIIIIIIII|||IIII|I|IIIlll

I I I I I
“The FIR-to-[Cll] luminosity ratio

O
- flo % o\oc\><>oo | . ® i\g
=K {oca{ ?.lIaR)é}ieS “ou D o A
- loca S N o
" local LIRGs Ds+13 ¥ 52 °© \O\O 148 point)
-/\ 1<z<2 Stacey+10 32) Oy ‘%
(O 2<z<5 SMGs Qo'
-@ z>5 SMGs %é R
5.0 4<z<5 QSOs o o .
% z>5 QSOs © E

||||||||| Lo b b b bov v b i

10 11 12 13
log(LFIR [LSun])




ORIGIN OF THE EXTENDED [ClII]
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Two possible scenarios to explain this very extended
narrow [ClI] component:

1) PDRs associated with star formation
on large scales (in a galaxy at z=6.4 !11)

2) Diffuse atomic gas on very large scales excited by the central
QSO and/or the nuclear SB, by low level in-situ SF (or by shocks!),
tracing large masses (> 10° M) of cold gas in the halo very little
star forming (accreting?)

Not yet a definitive answer. But likely (1) for r < 10 kpc (where we
also detect extended FIR continuum emission), and (2) dominating
atr> 10 kpc



Conclusions

(1) Massive molecular outflows
revealed by CO(1-0) (but also
OH, HCN, CN, HCO+)
observations of (U)LIRGs at z~0
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(2) Extremely extended
outflow in a QSO-host
at z=6.4 revealed by
[CIl] observations
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