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outline
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the ism  of galaxies and AGN hosts along cosmic time: 
disks, clumps, outflows/inflows, perturbations  

the need of AO for reliable overview of gas distribution and 
kinematics  

the synergy with multi-wavelength observations to probe 
baryon mass budget and physical processes 

perspectives for future AO-assisted instruments



Disk and bulge build-up
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Requirements:  
• high quality resolved kinematics traced through multiple gas phases 
• multiwavelenght observations

- separate different components in space and velocity: bulges, disks, clumps, outflows, inflows, 
perturbations/mergers 

- separate narrow from broad components of emission lines: potential well vs. outflows/perturbations  
- pinpoint launch sites of galactic winds 
- multiple gas phases to achieve full census of baryons in galaxies and identify sources of heating

Main scenario of bulge formation at high z:  
• gas-rich turbulent disks, kpc-scale clumps form via violent disk instabilities 
clumps migrate  inward on timescales of < 1Gyr and form bulge

Genzel+2008, Dekel+2009, Dekel & Burkert 2014  

Signatures of the physical processes at play  
appear at scales of <1 kpc and 10-1000 km/s

• galactic winds from SF regions and AGN appear and impact the surrounding ISM 
and the build-up of M* Veilleux+2005, Fiore+2017



Detailed ISM study of local galaxies
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In the local universe physical scales of:  

•100s pc = average distance between giant 
molecular clouds 

•<1-10 pc = AGN torus, jet, nulcear winds  

routinely reached  

withouth AO / with ground layer correction 
(e.g. SINFONI/VLT) 
opt/nir interferometry , mas (Gravity/VLT) 
with alma long baselines  <1 pc NGC1068, Gravity collab. 2020 A&A

NGC1068, ALMA, impellizzeri+2019 



Detailed ISM study of local galaxies
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ALMA CO SINFONI-AO H2

[SiVI] SINFONI-AO (May+18)

Inner 200 pc  
of nearby Seyfert ESO428-G14 

feruglio, fabbiano+2019 

AO in optical range (e.g. MUSE,MAVIS) 
for warm ionised gas  

[OIII], Ha distributions 
outflows/inflows

AO important to track ISM - AGN interplay 
inflows/outflows 

down to nuclear scales 



z=1-3 galaxies without AO
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Multi-IFU, large FOV —-> enables large 
samples:  700 galaxies and AGN hosts 
mapped  at z=0.6-2.7  

Seeing-limited  : enables recovering 
global properties: Ha velocity fields, 
rotation/angular momentum of disks,  
detection of outflows, metallicity 
scaling relations 

Best resolution achieved  
0.5” seeing = 4 kpc at z~2     

Not enough to isolate star-forming clumps,  
locate outflows, identify origin of the velocity dispersion

The KMOS3D survey, Wisnioski+2019



z=1-3 galaxies with AO
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SINS/zC-SINF 
forster-Schreiber+2009, 2019 

SINFONI/VLT program 
100 massive galaxies seing limited  

35 AO-Assisted 
z=1-3  

  
best example of high quality AO data  

to achieve 
reliable overview of kpc scale kinematics 

emission line properties  

•quantify fraction/structure of disks/mergers 
•investigate dynamical processes driving 
galaxy evolution 

•origin of high gas turbulence 
•map galactic winds 
•growth of bulges and SMBH 
•rotation curves for baryon/DM disentangling 



z=1-3 galaxies with SINFONI-AO

C. Feruglio - Astrofisica di Frontiera  con l’Ottica Adattiva Italiana, Feb 17-19, 2020, Accademia dei Lincei

With SINFONI/VLT + AO MACAO NGS/LGS PSF of 0.1” is reached  
•The low surface brightness emission is recovered with long instegrations 
•The clumpy structure of disks emerges  
•kinematic complexity  
•resolve Regions with high velocity dispersion (around AGN and Star-Forming clumps)

Ha and [NII] 
• clumpy structure 
• velocity and  
•M* density distrib

σvel

SINS/zC-SINF

forster-Schreiber+ 2019 



z=1-3 galaxies with SINFONI-AO
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AO supported by long (still feasible) integrations allows to gain in 
image quality,  x10 in resolution  
and in surface brightness sensitivity 

AO 
NGS/ 
LGS 

seeing- 
limited

Forster-Schreiber+2019



high-z Luminous AGN hosts
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for galaxies with luminous agn, point source to be subtracted 
•psf not well defined, varies in fov 
•extra-effort in data analysis packages to analyse agn compared to sf 
galaxies without bright nucleus

v10   v40   

Cresci+2015

Seeing-limited

Schultze+2020

QSO host at z=1.5 
skewed [OIII] profiles = outflow 
location of SF vs outflow 
high velocity dispersion at outflow, SF cannot occur 
there

AO for better mapping of [OIII] and Ha 
and better subtraction of central Qso 



QSO J1549  @z=2.4 LUCI/LBT

Bischetti+20

high-z Luminous AGN hosts
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SUPER Large Program @SINFONI  
P.I. Mainieri 

The SINFONI Survey for Unveiling the Physics 
and Effect of Radiative feedback

200 hours with SINFONI+AO  
30 AGN z~2 
GOAL: kpc resolution 

•[OIII] and Ha kinematics 
•isolate disks / outflows / perturbations 
•outflow census and physical parameters 
(sizes, mass rates, mass loading)

for galaxies with luminous agn, point source to be subtracted 
•difficult psf reconstruction, varies in fov 
•extra-effort in data analysis packages to analyse agn compared to sf 
galaxies without bright nucleus

[OIII] velocity  
km/s

[OIII] line width 
 km/s

QSO J1549  @z=2.4 SINFONI+AO



multiphase diagnostics at high res
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Tadaki+2018                      kpc resolution at z~4

Luminous SMG at z~4 
very rare object!  

not representative of MS population (<1mJy) 

CO and continuum map at kpc resolution 

Super-bright CO line (6mJy at peak)  
14 hours integration with ALMA 

- combine warm gas kinematics with cold molecular gas  
- dominant and unobscured ISM phase  —> baryonic mass budget 
- relation of different gas phases : COLD/WARM/HOT , ionised/neutral/molecular

Synergy  with  alma    (P. Ciliegi’s talk yesterday)

Spectro-imaging  
with comparable quality to SINFONI(ERIS)+AO 

hardly feasible with ALMA  
for MS galaxies at z~2



multiphase diagnostics at high res
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- we need to constrain different gas phases : COLD/WARM/HOT , ionised/neutral/molecular 
- For these targets difficult to reach similar angular resolution / sensitivity with ALMA

ALMA CO MAP 
0.5” resolution = 4 kpc 

CO peak 2 mJy for disk 
0.4 mJy for outflow 
Herrera-Camus+2019

IFS+AO on 8m(40m) beats ALMA

compare 
Ha and CO 

line profiles



FUTURE: ERIS/VLT and ELT  
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extend detailed kinematic studies in galaxies and AGN using 

1- ERIS/VLT + SCAO 
IFU SPIFFIER 
upgraded version of SPIFFI/SINFONI 

+high resolution grating R=8000 

Diffraction limited imaging with  
AO DSM + NGS/ 4 LGS  

IFU

Band    J,H,K 

FOV 8”x8”, 3.2”3.2”, 0.8”x0.8”

Px scale  250,100,25 mas/spaxel

indispensable instrument 

2- MAORY+MICADO    
in sinergy with harmony    (P. Ciliegi’s talk) 

map gas distribution in disks at high z: <1 kpc at z~2  to 100 pc at z>1   
large fov —> identify best targets for spectroscopic follow-up  



LUCI+AO @ LBT
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LUCI seeing-limited:  size of emission along 
the slit (near-slit spectroscopy) for high z 

AGN  
allows exploring spatial distribution /sizes, 

Derive disk and outflow sizes, mass rates, 
loading factors Bischetti+2017, A&A

QSO J1201+1206 @z= 3.5 and Host Galaxy

SLIT spectroscopy + AO  to resolve emission along slit 

Seeing = 0.7”

LUCI + SOUL ARGOS GLAO  correction to 
enhance sensitivity and spatial resolution 

in a sample of z>2 QSO hosts  

On-going project IT-2019B-035  

Today LUCI the only AO-assisted NIR 
spectrograph accessible to us

+ARGOS



LBT-AO to map qso host galaxies
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credits Angela Bongiorno, V. Testa

image of the host galaxy of QSO Mrk231 
with LBT AO  

year 2012  

image quality similar to hst

Probe clump colors,  
ages, gradients 

location with respect to 
outflows



future:SHARK-NIR/VIS+SOUL
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will approach Diffraction limit 
contrast enhancement  
SRH ~ 70% at mag 13.5  

Extragalactic application on AGN/QSOs:  
SHARK-NIR + SOUL will enable  

- imaging of host galaxies of few 10-100 
luminous AGN/QSOs  
- map morphology of host galaxy/mergers & 

environment  
- probe the stellar mass of hosts 
- competitive with HST imaging 
- interesting to have a slit / IFU  
R=700 a bit low

Mattioli+2019, SHARK-VIS Pathfinder

micado as well, Portaluri’s talk earlier

HST



Conclusions
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opt/nir spectro-imaging with AO best (only) option to map with 
sub-kpc resolution  galaxy/agn kinematics at z~2 and beyond 

mapping with ALMA limited: opt/nir imagers with large fov, 
mavis, micado, strategic to select best candidates for spectro 
follow-up 

Improve reliability of AO isntruments 

effort in data analysis sw to make easier and enhance impact of the 
intruments (dedicated workshops, schools,…) 

e.g. MUSE without AO data analysis straightforward  
with AO challenging even for experts 
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