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INAF

@ reference Institute for Aph (int'l relations

Ug}gxersﬂy with ESO, FGG-Canarie, LBT, SKA, ...

@ 17 Institutes
@ G.Galilel + Specola + Asiago

@ 1000 people, 550 researchers + 250

@ degree + PhD associati
@ 20 staff researchers (for Aph) @ Astronomical Observator 0)
Center G. Colombo @ 50 staff r

a DFA, DEI, DII, Geo, ...

@ PhD

a 10 INFN

o S Applied vs Ind @ Nataional Institute for Nuc. Phys
; @ 4 Nat. Labs + Sections
@ PD: LNL + Section@DFA
CNR - IFN @ 10-15 staff researchers (for Aph)

@ technology (optics, ...)



Fields of activity

@ teaching (Phys/Aph + PhD)
@ fundamental and applied research

@ technology (ground/space, opt/detect/electr/..)

@ outreach (PD & AS)



Asiago

telescopes:
@ 1.8m opt phot+low-res spec

@ 1.2m low-res spec nyg
® 0.67/0.92 Schmidt, WF Imaging ma* r‘ A =
@ joint control room | “
offices and classroomes:
@ Pennar site (DFA)

@D fully efficient

@Inot-ideal location but flexibility (')






Major challenges in Astronomy
over the next decade

eSolar, interplanetary and magnetospheric physics

®The Solar System

eExtrasolar Planetary Systems

e Star Formation (local and global)

e Stellar Evolution

eRelativistic astrophysics and astroparticles

eThe Milky Way and the Local Group

eFormation and Evolution of Galaxies and Cosmic Structures
eCosmology and Fundamental Physics

eEnabling Technologies



Major challenges in Astronomy
over the next decade

eSolar, interplanetary and magnetospheric physics

eThe Solar System

eExtrasolar Planetary Systems -

e Star Formation (local and global)

e Stellar Evolution

eRelativistic astrophysics and astroparfticles _
eThe Milky Way and the Local Group

eFormation and Evolution of Galaxies and Cosmic Structures

eCosmology and Fundamental Physics _
eEnabling Technologies




lar System - Rosetta

& R OSIRIS-WAC




other SS missions

INAF - Cisas - DFA - CNR

@ Exomars (2016-2020)

@ Bepicolombo (2018=>2025)
@ Juice (2022=>2030)

@ Solar Orbiter (2018)

@ Joint Lab Deep Space Robotics

Simbio-Sys
stereo-camera




Exoplanets
Harps-N@TNGg

HOST STAR

“ Soroner
(IL‘ @ HAF;;p; F‘HD"-
best achievable accuracy (0.3 m/s)
" % Ao Il L stability: mechanical, thermal, pressure

| Harps-S



Planet b Planet ¢

R B e MMM SR M A A A v r'<'-'v'vvl'v-"'- T T -'-']
- -

*

0.37 HRBTS9e spacirum

- (13
. 30 L
T mcamromonts
M e— S snvtun

—eme L8

s

Yy

1 arcgen)

T
Wawlength [pm’

Fig, 9. Specirum of planct @ as extracted from TFS dote, [RDIS photometric points are overzlotted. A comparison with an L6 isolated brown dvwarf

caaaddes waasleasa e s i aaias skows a rusmatch at £ band wavekngths, ‘There is a slight mismatch between IRDIS and 11 measurements, as we normalized separefely

1.0 1.5 1.4 1.3 e Mux of the two detector with the corvesponding PSE, tw offsel could be induced by zoother variable.
X (sresec)

on Planel d HR87S9d spectrum
- WT—YWWWWW . ' s . M. ' v '

— RIS ramreronis
— 5 e tam
G JIKS) spmcirum

0.3

DR
P T ———

S B

-
=

&
=
y, RAARRRRRE L

PRI

5\
A \‘..AA

%
-‘

-
e

M B A S LA

L8]

-
=

BRI

PP

‘6 1.8
Wavelength [am]

CEERE I I

s

y P "A L I e L Iy - S = ™IO L.

Solution A ——
Solution B
Solution € — —

Ll
P PRI P
v

4
o

e

oL uu -0.1 -).2 -L.d -0.4 . . -0.3 -0.4 -U.o
X [arcsec) X (arcsec)

- ~ | Fig. 2. Image of thke 33ta [ES spectral charnel (1.63 gam) witk plancts
HR 8799 dc cbiained with KLIP reduction.

Fig. 5. Relative astomely o e plaxts around HR 8799, The points available fica the Licatuce are cepresenked o black Glled cicles. whike
Fig. nen SPHERE measurements cre represented in purple hikec squsres. Ihe colid blag lines represent the orbital solution lebelec “A™ 12 1able . aith
resp Red ‘ines enanect the anedicted and nbserved posiriens For all the daz peines. The Serred and cashed Tnes in ke panel for HR 8796 o irdicare the
orbita’ solutions labeled “B” and “C” in Toble S, respactively.




VLT - SPHERE

Adaptive Opftics
Choronography

dust disk around HD4796A



Dusty disk around AU Mic

Boccaletti et al. Nature, 2015

e Beta Pic group
e MlVe flaring

o Prot =4.9d

e D=99 pc

e age =12 Myr

a HST 2010

_ HST (2 epochs)
- Sphere J-band ==> 0.17 arcsec
- 5 knots

b HsT2011

| — . ———..
- coherent evolution

- invisible planet at about 10-15 AU ?

C IRDIS 2014 (no ADI)

L e
|l 1 LI ] L | T 1T 1 Tr

HST 2010
____ HSTZ011
SPHERE 2014

d IRDIS 2014 (KLIP)

- | — o e —————

e IRDIS 2014 (LOCI)

D
e

C

......

Elevation from midplane + constant (%)

1segment=1"=99AU

llllll

Projected separation [



Exoplanefts

Cheops (2018)

@‘

D

@‘

ESA S-class in Low-orbit

characferlsa’rlon of ExoPl ém‘m sph,
radii, II eclipse for superta 3

design of mirror & focal plane,
sciefce

Plato (2025)
@ ESA M-class in L2
@ 24 telescopes. Super-Kepler

@ search/characterisation of Earth-like
in the habitable zone

@ design of mirror & focal plane,
sCiefnce



ESA-Gaia (2013) TN

A,

@ Astrometry (G < 20 mag):
@ completeness to 20 mag (on-board detection) = 107 stars

® accuracy: 26 parcsec at G=15 mag (Hipparcos: 1 milliarcsec at 9 mag)
@ scanning satellite, two viewing directions
= global accuracy, with optimal use of observing time

@ principle: global astrometric reduction (as for Hipparcos)
® Photometry (G < 20 mag):

@ astrophysical diagnostics (low-dispersion photometry) + chromaticity
@ ATeff ~ 100 K, log g, [Fe/H] to 0.2 dex, extinction (at G=15 mag)

@ Radial velocity (GRVS < 16 mag):

@ accuracy: 15 km s-1 at GRVS=16 mag
@ application:
@ third component of space motion, perspective acceleration
@ dynamics, population studies, binaries
@ spectra for GRVS < 12 mag: chemistry, rotation
@ principle: slitless spectroscopy in Ca triplet (845-872 nm) at R = 710,800



Milky Way in 6/12 D

proper
L motions |

: - o |
Whatis t.ho.zre. | Sctance Trans\fe'rse | . Ages, hlstopes |
Whereisit? | velodties astrophysics |

How big? How old? What mass? Which shape ? How fast they move?
Where different stars are located?...



lyr observations

Sept 2016: 18‘|‘ da.l'a release 107 stars (largest cat to date)

(artefacts due to scanning)



Transients

Novae

Symbiotic stars

X-ray binaries

3> Thermonuclear Supernovae
3 Core-Collapse Supernovae
Interacting Supernovae

SN impostors

EM counterparts of GW

activity:
@ identification
@ classification

@ ph. characterisation
energetics, M, T, ...)

@ physical nature (exp.
mechanism, ..)

@ instrumentation
(SoXs, ...)




GASP GAs Stripping Phenomena in galaxies

IFS survey with MUSE
114 galaxies in various environments
z=0.04-0.07

M= 109‘2—1011'5M®

E
-
2

' 2 0 ; : . T
Goal . W wienn
Y Figore 3 Lefs RCR image (OMECAWINGS v, WINGE B and V) of the contral regior of the clugser 11ZW 108, with the
orming BOG auld tae two MUSE pointings for JO206 highlighted., North is wp, and cast is lefl. Right. The saue RGB Goage

- time-scale and the efficiency Mootbad on JOK.

- amount of stars formed in the stripped gas
- speed of the galaxy in IGM

- physical process/es responsible for outflow
- evolution of the galaxies

- galaxy velocity and velocity dispersion maps



Theory and Modelling

stellar evolution

population synthesis

hydrodynamic models of stellar systems

NS-NS merging

N-body simulations of cosmic structures

primordial fluctuations

modified gravity

N-body simulations for evolution of planetary systems



Thermally Pulsinc AN LN ot

AGB stars
Solving the TP-AGB STAR Conundrum: a KEY to Galaxy Evolution

Tw mpact of -2 Thenally Pilsi-g Assympotc Giart Bacrch [TP-AGS) stallar evolificnary ohasa is widespeacd asoss asimp s oS mningirg
on a et of 2spects, for tre chemical cempes 1o 9° Mgteanites be onging 1o the pre-solar nedula Lo © ¢ dervanicn of galad/'s prepertics
1 the nigk -redanifs Unierse.,

T gpte of 2 importande, e moddaling of ' =-AGS Is &Il 31ected by large uncartz Mae at pogacate inic Tre field of axtrage acte 227raramy,
decradie- he orec ol power of curres L copulglion synhesis models of calaxies

stellar evolution

nucleosynthesis

Based on the Milennium Cosmelogica’ Samolation

PUISC\'I'iOn -f‘n-.‘-u.‘rf.muq 1 ( ‘ ; '

i . c. r \ " : i
stellar winds g ST ;
dust formation SN
dust growth 2

VS
high-quality data

T major goal of tha STARKEY pcjact 5 1¢ ramedy thie pe-sistant condidc of Lncertainty anc corroversy, Tha solution to the TP-AGB star co-
AANJram W De arovdad Dy A New aparcach, Wit an etands ¢n tha ept mead egratan of 3l saE-ci-he-art thedraetical t2CIs 1 account tor te
compresx physios of 1P-208 stars izeoliion, nuolBesyriass, pulsation, wavis, oost ornglion, ecc), aned o) geepions v ghi-c.osily ohsemns-
s of resohed T-AGH sellar acoulatons in gars asers ard nearhy g7 2xas IMacellanic Clouds M3T, NG3, cwarf ¢z axas) wih raliable
F l _I_ & l 5 Teasurements of their star formaticr - stencs.
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Wavefront
Corrector




Precision

electromechanics
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EUCLID




CTA - Cherenkov Telescope Array

~ very high energy gamma-ray
~ (10s GeV - 100 TeV)

2 sites:
- La Palma

CTA (artistic)

INAF: mini-array (9 units)

prototype ASTRI
Serra La Nave, Catania




observational cosmology
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S.I.ra.l.eg iC PrOj e C.IDS (incomplete)

@ VLT (2 e 3 gen.) A A
@ TNG+Harps ; '

@& LBT

® E-ELT
® Gaia

@ CTA
@ Fermi

& JWST
@ Exomars

@ PLato - Cheops
@ ATHENA, EUCLID

@ JUICE, Solar Orbiter, Bepi-
Colombo

@ enabling technologies






