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OUTLINE

* 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
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DISK AND BULGE BUILD-UP

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
+ GALACTIC WINDS FROM SF REGIONS AND AGN APPEAR AND IMPACT THE SURROUNDING ISM

AND THE BUILD-UP OF M* VEILLEUX+2005, FIORE+2017

SIGNATURES OF THE PHYSICAL PROCESSES AT PLAY

APPEAR AT SCALES OF <1 KPC AND 10-1000 KM/S

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
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Detailed ISM study of local galaxies

IN THE LOCAL UNIVERSE PHYSICAL SCALES OF:
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* WITHOUTH AO /WITH GROUND LAYER CORRECTION

(E.G. SINFONI/VLT) L

* OPT/NIR INTERFEROMETRY , MAS (GRAVITY/VLT)
NGC 1068, ALMA, IMPELLIZZERI+2019

* WITH ALMA LONG BASELINES <1 PC
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Detailed ISM study of local galaxies

AO IMPORTANT TO TRACK ISM - AGN INTERPLAY ALMACO SINFONI-AO H2
INFLOWS/OUTFLOWS /) 6.1-66 keV
DOWN TO NUCLEAR SCALES

INNER 200 PC
OF NEARBY SEYFERT ES0428-G14
FERUGLIO, FABBIANO+2019

AO IN OPTICAL RANGE (E.G. MUSE,MAVIS) O
FOR WARM IONISED GAS
[OIll], HA DISTRIBUTIONS
OUTFLOWS/INFLOWS

[SiVI] SINFONI-AO (May+18)
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Z=1-3 GALAXIES WITHOUT AO

THE KMOS3D SURVEY, WISNIOSKI+2019

C0S4_05656

MULTI-IFU, LARGE FOV —-> ENABLES LARGE " -
SAMPLES: 700 GALAXIES AND AGN HOSTS
MAPPED AT Z=0.6-2.7

U4_18807
SEEING-LIMITED : ENABLES RECOVERING
GLOBAL PROPERTIES: HA VELOCITY FIELDS, | -
ROTATION/ANGULAR MOMENTUM OF DISKS,
DETECTION OF OUTFLOWS, METALLICITY

SCALING RELATIONS C0S4_05433

BEST RESOLUTION ACHIEVED
O.5” SEEING = 4 KPC AT Z~2

arcsec arcsec

NOT ENOUGH TO ISOLATE STAR-FORMING CLUMPS,
LOCATE OUTFLOWS, IDENTIFY ORIGIN OF THE VELOCITY DISPERSION
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Z=1-3 GALAXIES WITH AO
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Z=1-3 GALAXIES WITH SINFONI-AO

WITH SINFONI/VLT + AO MACAO NGS/LGS PSF oF O.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)

ZC400569
AGN

SINS/ZC-SINF @\

LS el
——

Ha and [NII]
e Clumpy structure
e velocity and O, 0]
M* density distrib

FORSTER-SCHREIBER+ 2019
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Z=1-3 GALAXIES WITH SINFONI-AO

AO SUPPORTED BY LONG (STILL FEASIBLE) INTEGRATIONS ALLOWS TO GAIN IN
IMAGE QUALITY, X10 IN RESOLUTION
AND IN SURFACE BRIGHTNESS SENSITIVITY

0 ZCA00569 _. N : Imtegrated spectrum
A 2=2.2405 ' ' AGN Ha

NGS/ _' (& NE | _ ‘M 4 [v1]
LGS : .2 | '
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HIGH-Z LUMINOUS AGN HOSTS

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

QSO HOoST AT Zz=1.5
SKEWED [OIIll] PROFILES = OUTFLOW
LOCATION OF SF VS OUTFLOW

HIGH VELOCITY DISPERSION AT OUTFLOW, SF CANNOT OCCUR
THERE
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Cresci+2015
Seeing-limited
Schultze+2020

..............................................................

arcsec

AO FOR BETTER MAPPING OF [OIIl] AND HA

AND BETTER SUBTRACTION OF CENTRAL QSO
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HIGH-Z LUMINOUS AGN HOSTS

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

SUPER LARGE PROGRAM RSINFONI [Olll] velocity [Olll] line width
P.l. MAINIERI km/s km/s

The SINFONI Survey for Unveiling the Physics
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GOAL: KPC RESOLUTION |
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+[OIIll] AND HA KINEMATICS

+|SOLATE DISKS / OUTFLOWS / PERTURBATIONS

+OUTFLOW CENSUS AND PHYSICAL PARAMETERS % By %6, B 00 Fe
(SIZES, MASS RATES, MASS LOADING)
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MULTIPHASE DIAGNOSTICS AT HIGH RES

SYNERGY WITH ALMA (P. CILIEGI’S TALK YESTERDAY)

- 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

LUMINOUS SMG AT z~4
VERY RARE OBJECT!
NOT REPRESENTATIVE OF MS POPULATION (<1MJY)

CO(4-3) 1 kpc|3.2mm cont.

CO AND CONTINUUM MAP AT KPC RESOLUTION

® 0.093" x 0.072"

— SUPER-BRIGHT CO LINE (6MJY AT PEAK)
velocity field [km/s]

14 HOURS INTEGRATION WITH ALMA

SPECTRO-IMAGING
WITH COMPARABLE QUALITY TO SINFONI(ERIS)+AO

HARDLY FEASIBLE WITH ALMA
FOR MS GALAXIES AT Z~2

- —140_

Tadaki+2018 kpc resolution at z~4
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MULTIPHASE DIAGNOSTICS AT HIGH RES

- 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

log (Z(M,) [Mekpe™])

Z2C400528 WFC3 § 2C400528

SINFONI Ha SINFONI Ha: + [NII]

ALMA CO MAP ALMA CO(3-2) | " F ——ALMA CO(3-2)
0.5” RESOLUTION = 4 KPC e C

COMPARE
HA AND CO
LINE PROFILES

CO PEAK 2 MJY FOR DISK
0.4 MJY FOR OUTFLOW
HERRERA-CAMUS+2019

DEC offset [arcsec]
Normalized Flux

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

-1000 0 1000
RA offset [arcsec] Velocity [km/s]
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FUTURE: ERIS/VLT AND ELT

EXTEND DETAILED KINEMATIC STUDIES IN GALAXIES AND AGN USING

1- ERIS/VLT + SCAO

IFU SPIFFIER
UPGRADED VERSION OF SPIFFI/SINFO

4+ HIGH RESOLUTION GRATING R=8000

DIFFRACTION LIMITED IMAGING WITH
AO DSM + NGS/ 4 LGS

2- MAORY+MICADO
IN SINERGY WITH HARMONY

MAP GAS DISTRIBUTION IN DISKS AT HIGH Z: <1

V- Y
N ER/S pand
A

IFU

J,H,K

r FOV

38"x8”, 3.273.2", 0.8"x0.8”

Px scale

250,100,25 mas/spaxel

INDISPENSABLE INSTRUMENT

(P. CILIEGI’S TALK)

KPC AT z~2 TO 100 PC AT z>1

LARGE FOV —> IDENTIFY BEST TARGETS FOR SPECTROSCOPIC FOLLOW-UP
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LUCI+AO @ LBT

SLIT spectroscopy + AO to resolve emission along slit

LUCI SEEING-LIMITED :gE=iv4-Nelam NV iici-il{e] -\ Nel\\(c:

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

LUCI + SOUL ARGOS GLAOe«(el:3 1 ogple] Yo

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
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Vietn+18
Vayner+17
Brusa+16
Kakkad+16
Carmiani+15
Cresci+15
Perna+15
Harnson+12
Alexander+10
Nesvadba+06-17
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LBT-AO TO MAP QSO HOST GALAXIES

Mark231 LBT AO-PISCES | Mark231-LBT AO-PISCES Ks IMAGE OF THE HOST GALAXY OF QSO MRK231
WITH LBT AO
YEAR 2012
HST F435W B-band KIg IMAGE QUALITY SIMILAR TO HST

K14

K1 :
KT Kyq K12

K3s

Probe clump colors, K4 FiST’ FZ%SW |
ages, gradients ' g |
location with respect to 3 2 '5;',Kl >
outflows ® 8
PISCES | HST FI60W PISCES Ks

credits Angela Bongiorno, V. Testa
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FUTURE:SHARK-NIR/VIS+5S0OUL

WILL APPROACH DIFFRACTION LIMIT
CONTRAST ENHANCEMENT
SRH ~ 70% AT MAG 13.5

| Mat;(ioli+201 9, SHARK-VIS Pathfinder

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 2

R=700 A BIT LOW HST, *

MICADO AS WELL, PORTALURI’S TALK EARLIER
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CONCLUSIONS

* 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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