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Observational evidences of massive,
quasar-driven outflows
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Clear evidence that such fast and massive
quasar-driven molecular outflows
can seriously “hurt” their host galaxies

Extended on kpc scales
Outflow rates as high as ~1000 Mg/yr
Potentially “"depletion” times scales as short as ~ 10 Myr
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Feruglio+13



AGNs can boost
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At high-z quasar-driven

outflows primarily traced

in the ionized phase
Carniani+15,16, Brusa+15
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The detection of molecular outflows
at high-z is still very difficult
(the rising T,z does not help)
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Even more extreme quasar-driven outflows at high-z

Quasar at z=6.4
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Cicone+15

Cold gas expelled with velocities in
excess of 1,000 km/s!

Outflow rate ~1,500 Msun/yr
(comparable to SFR ~1,000 Msun/yr)

Can potentially clean the whole galaxy
of its gas content in only ~10 Myr

sDec (")

otal integrated emission
v (km/s) < 1200

SRA (1)

Gas expelled out of the
galaxy on scales of 30 kpc !



Even more extreme quasar-driven outflows at high-z

Quasar at z=6.03
High velocity outflow on ~10-15kpc scales
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AGN-driven outflows and jets certainly damage their host
galaxies... but can they really totally quench star formation?
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Gabor+14, Roos+15
Outflowing gas mostly escapes through low density, least resistance regions

Possibly the primary role of outflows/jets is to prevent further gas accretion
-> death by strangulation/starvation peng, Maiolino, Cocharne (2015, Nature)

Richard’s talk



AGN-driven outflows & jets invoked
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Yet, not enough...




Morphological transformation is also needed!
Passive galaxies are more spheroidal and more bulgy...
this cannot be achieved by gas removal and/or starvation
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Additional mechanisms have to be invoked:
major/minor mergers and/or “compactation”

Mihos & Hernquist 1996
Walter+1996
Springel+05,+15

... many others

yet see

Bois+13

Naab+14

T = 2.80 Gyr

Dekel+16
Danovich+15

ITI. inner halo - extended ftilted ring
non-linear torques, dissipation
AM loss L, g — 0.04 & alignment

Danovich+ 15

II. outer halo

AM transport, j~const.
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IV. inner disc (+ bulge)
disk instability, outflows
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Are these the only possible routes?
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AGN ejecta do not have only a negative feedback effect...
they can also trigger star formation in their host galaxy or in the
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Even more fascinating scenario...
...star formation within outflows!

Expected by several models to
resusult from gas cooling,

fragmentation and compression
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Even more fascinating scenario...
...star formation within outflows

/"
/4\
i Expected by several models to
% resusult from gas cooling,
di fragmentation and compression
\;
SO U Stars forming at high velocities on radial orbits
ks LR ENNNEN > would have fantastic potential implications!
;‘_’Ik . ® . el “- Palaxy morphology: contribution to the
HK+15, + . .
ishibashi & Fabian +14, +15 spheroidal component of galaxies
Zubovas+13 - Stellar kinematics (velocity dispersion)

Zubovas & King "13 Some of the stars can possibly escape into
Nayakshin+12

Zachary+14 the intergalactic space
Gaibler+12 Direct metal enrichment of the circumgalactic
and intergalactic medium
Enhanced escape fraction of ionizing photons
-> contribution to reionization of the Universe
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Star formation within galactic outflows, i
0.03 :_CO(].-O)

is this something reasonable to expect?
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A large fraction of the outflowing molecular gas is very dense

~10° cm3 ~similar to the gas in star forming regions
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The outflowing gas is extremely clumpy

ALMA high resolution
UV absorption lines in quasars maps of outflows

\ =

Velocities ~800-2000 km/s
Density +ionization parameter = distance: D=0.3-20
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Star formation in the outflow: T
how to test it? e

z[ kpc]

SFR [Mg yr]

01F
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Cannot use many of the tracers:
e.g. IR dust thermal emission and UV imaging cannot
disentangle putative SF in the outflow from SF in the host galaxy

-> Need to use spectroscopic tracers of SF, which bear information
of the kinematics of the star forming region...



Optical nebular lines Sample of ULIRGs with optical Seyfert nuclei
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Generally broad/blueshifted component tracing the outflow
is associated with AGN-ionization
and/or shocks (LINERS)...

However, even if substantial SFR is occurs in the outflow,
AGN photoionization likely dominates...



Assume the extreme case that that the stellar spheroid is all formed
in the AGN driven outflow,

and that the two evolve along the M(BH)-M(star-sph) relation

d |z
dt| .

>

= SFR

star

Lagn(Ha) = Lgp(Ha)

M

1 | 1 1 l 1 1 1 1 1 1 1 1 | l 1 1 L
9 10 11 12

M(star-spheroid)

Laan([O11]) = 10 Lgp([OlIN])

Even if whole spheroid formed in AGN-driven outflows
BPT diagnostics would mostly appear AGN-like.
Shocks makes the BPT deviate even further

VERY DIFFICULT!
m==== Needs very detailed

observations
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IRAS2312-59
hosting obscured
AGN and driving
prominent outflow
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Interacting system with powerful outflow observed with MUSE
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BPT diagrams of gas in the outflow:

broadly consistent with star forming outflow —> © broad/bluesh. indiv. comp.
—> @ broad/bluesh. total comp.

discs © narrow components
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Yet, not enough to exclude other excitation mechanisms

Maiolino+17 (Nature)



Can SF-like BPT
be explained with shocks?

Some combinations of shock
parameters can in principle reproduce
the observed ratios...
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Can SF-like BPTs for this outflow

Fell] near-IR transitions excellent
be explained with shocks? O [Fell]

tracers of shocked gas

shocked Galactic regions
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Can SF-like BPTs for this outflow

be explained with shocks?
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Can SF-like BPTs for this outflow

Fell] near-IR transitions excellent
be explained with shocks? O [Fell]

tracers of shocked gas
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Further evidence against any AGN photoionization:
AGN-ionized gas often rich of “coronal” (high-ionization) lines

No coronal lines detected . _
Circinus (prototypical Sy2)
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- No shocks In-situ (in the outflow)

- No AGN star formation is the
only viable explanation
consistent with all diagnostics



Stellar population with age <30 Myr (very young!)
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Is the stellar kinematics of the young stellar population
consistent with the scenario of star formation in the outflow?
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Together with the nebular diagnostics

provide further evidence to the scenario of SF in outflows




- No shocks In-situ (in the outflow)

-No AGN star formation is the
only viable explanation
consistent with all diagnostics

Thisis a

new mode of star formation
which may have been
overlooked in other outflows



- No shocks

In-situ (in the outflow)

star formation is the
only viable explanation
consistent with all diagnostics

- No AGN

Young stellar kinematics consistent with stars formed in the outflow

- How common it star formation
in outflows?

- Can it explain wind-SFR correlation? \Woo+17
- Can explain centrally concentrated SF

- What's the efficiency of star
formation in the outflow?

in some AGNs? Mushotzky+14, Alonso-Herrero+15
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Additional observations of a few additional galaxies with powerful
massive molecular winds (Herschel sample, Sturm+11, Veilleux+13)
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The peak of cosmic

BH accretion
can potentially
contribute
significantly

to the formation
of spheroids
(bulges &
ellipticals)

SFR, BHARxAy(1+X,) [Mgyr ™' Mpe™®]

0.10

0.01}

Cosmic star formation

Black Hole accretion

Silk+15, +17

Ishibashi & Fabian +14, +15
Zubovas+13

Zubovas & King "13

: Nayakshin+12
| Zachary+14

Gaibler+12
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Black Hole accretion

In the early Universe

stars formed in the outflow

can contribute significantly

to the re-ionization of the Universe
as they have high escape fraction
of ionizing photons



Summary

* AGN-driven winds certainly make a lot of damage
to their host galaxy

* Unclear whether AGN-driven winds can really totally
guench star formation
-> possibly help to halt gas inflow
-> strangulation/starvation

» Star formation can take place within AGN-driven outflows
-> potential major implications for galaxy evolution



