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From diffuse gas ro Srars and PPlanets
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Dense Clumps

* 10 ST[K] <50

*10* sn[em™3] < 10%%7
* L[pc] ~1

Filaments

* T~20K

*10% sn[em™3] s 103
*3 < L[pc] <50

Molecular Clouds
* T~10K

*10 sn[em™3] <102
*L < 100pc

Dense Cores
* 10 ST[K] < 200
" ‘ *10° snem™3] s 10°
i * L[pc] ~0.02

- | Circumstellar/Protoplanetary Disks
1+ 10 S T[K] < 1500

1+10° Sn[em™3] <102

L<5-10"% pc (100au)

We are here!

Realistic illustration of Milky Way (NASA/JPL-Caltech)



Dense Clumps /1 ‘ /I jﬁ. I
<10 < T[K] < 50 _— - |- 10 = T[K] < 200

Top-down cascade:

*10* sn[em™3] < 108"

* L[pc] ~1

‘ *10% Sn[em™3] s 10°
|+ L[pc] ~0.02
P [pc]
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/ gravo-magneto-turbulent fragmentation
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Bottom-up cascade:
radiative & dynamical feedback |

N

Filaments

* T~20K

«10%2 sn[em™3] <103
*3 S L[pc] S50

E v Circumstellar/Protoplanetary Disks
| b * 10 S T[K] < 1500

: *10° sn[ecm™3] < 102

*L<5-10"* pc (100aw)
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.
Molecular Clouds

* T~10K

*10 sSn[ecm™3] < 102
* L <100pc

We are here!

Realistic illustration of Milky Way (NASA/JPL-Caltech)



M;'G;g'}?r OLls PIANETS =2 How do planet-forming disks relate to the Galactic environment?
. 18 <n[em- STARS - What processes requlate the birth of stars?

SRS GALAXY - Can we understand galaxy-scale star formation?

’

Dense Clumps

*10 ST[K] s 50

*10* sn[em™3] <1067
* L[pc] ~1

‘ /I Dense Cores
- - 10 < T[K] < 200
*10% sn[em™3] < 10°

Top-down cascade: « L[pc] ~0.02
gravo-magneto-turbulent fragmentation

, ~ L
Bottom-up cascade:
radiative & dynamical feedback

Filaments

*T~20K

*10% sn[em 3] s 103
*3 S L[pc] S50

Circumstellar/Protoplanetary Disks
* 10 S T[K] < 1500

*10° sn[cm™3] < 1012
\*Ls5-10"* pc (100aw)

A predictive model for the Galactic ecosystem!
Three fundamental issues:

L il

The challenges
v' All physical agents active at the same time on all scales

v’ The Milky Way as one multi-scale non-linear ecosystem

Realistic illustration of Milky Way (NASA/JPL-Caltech)



Wouldn’t this be ideal ....?




Table 1: List of most representative surveys covering the Galactic Plane

Surveys facilities

A or lines

Surveys notes

Ground-based

Columbia/CfA

DRAO/ATCA/VLA HI-21 cm

FCRAO 14 m

Mopra 22 m

Parkes
NANTEN/ NAN-

TEN2
CSO 10 m

APEX 12 m

CO, 13Cco
OH/Ha-RRL/1-
2GHz cont. SGHz cont.

CO, 3COo

CO, !3CcO, N;Ht, (NH; +
H,>0) maser, HCO*+/H!3CO* +
others

CH3OH maser
CO, 13Co, Cc'®0
1.3 mm continuum

870 pm continuum

9 - 25’ resolution (Dame et al., 2001)

IGPS: unbiased HI-21cm 255°< I < 357° and 18°< [ <
147° (McClure-Griffiths et al., 2001; Gibson et al., 2000; Stil
et al., 2006) + THOR: unbiased HI-21cm/OH/Ha-RRLs/1-
2GHz cont. 15°< [ < 67° (Beuther et al. in prep.)+ COR-

NISH: SGHz continuum 10°< [ < 65° (Hoare et al., 2012)
55" resolution. Galactic Ring Survey (Jackson et al., 2006)

+ Outer Galaxy Survey (Heyer et al., 1998)
HOPS: (Walsh et al., 2011; Purcell et al.,2012), MALT90: ~

2000 clumps 20° > I > —60° (Foster et al., 2013), Southern
GPS CO: unbiased 305°< [ < 345° (Burton et al., 2013),
ThrUMMS: unbiased 300°< [ < 358° (Barnes et al., 2013),
CMZ: (Jones et al., 2012, 2013)

Methanol MultiBeam Survey (Green et al., 2009)

NGPS: unbiased, 200° < [ < 60° (Mizuno and Fukui, 2004)
+ NASCO: unbiased in progress, 160° < [ < 80°

Bolocam Galactic Plane Survey (BGPS), 33" (Aguirre et al.,
2011

ATLl)XSGAL, 60°> [ > —80° (Schuller et al., 2009)

Space-borne

IRAS
MSX
WISE
Akari
Spitzer

Planck

Herschel

12, 25, 60 and 100 xum cont.
8.3,12.1, 14.7, 21.3 pum cont.
3.4,4.6, 11, 22 ym continuum
65, 90, 140, 160 um continuum
3.6,4.5, 6, 8, 24 um continuum

350, 550, 850, 1382, 2098,

3000, 4285, 6820, 104 um cont.
70, 160, 250, 350, 500 zm cont.

3-5, 96% of the sky
Full Galactic Plane (Price et al., 2001)
All-sky (Wright et al., 2010)

All-sky (Ishihara et al., 2010)
GLIMPSE+GLIMPSE360: Full Galactic Plane (Benjamin

et al., 2003), (Benjamin and GLIMPSE360 Team, 2013) +
MIPSGAL, 63°> 1 > —62° (Carey et al., 2009)
All-sky, resolution >5’ (Planck Collaboration et al., 2013a)

Hi-GAL: Full Galactic Plane (Molinari et al., 2010a)

Molinari+ 2014, PP VI



Multiphase ISM in the Millky Way

Atomic material is found spread over the Galaxy disk
« Cold Neutral Medium (CNM) > T ~ 100 K

* Warm Neutral Medium (WNM) - T ~ 8000 K f
P a

%P _ 0 equilibrium §
T quilibrium 3

« Molecular material is mostly concentrated within a few degrees of the
Galactic Plane
Similarly different trends in Galactocentric radial profiles



Strar Formation: the classical conundrum

13CO FCRAO Galactic Ring Survey (Jackson+ 2006)
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Galactic Longitude

The dense phase of the Galactic ISM traced by CO is mostly concentrated in the Spiral Arms

3
M;~8M~ |T _
J Q\/ Pu, [cm 3]

Typical conditions in molecular clouds:

T~10 K, p~10% cm™3 M;~3 Mg !!

MC masses 10*Mg <M < 10° Mg

i WSS o

-~ -
______

A Molecular Cloud should be forming stars like crazy!!

=4 -2 0 2 4 6 8 10 it does not. Why ?
Galactocentric Radius [kpc]



Support in Molecular clouds

13CO FCRAO Galactic Ring Survey (Jackson+ 2006)
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Turbulence Support

Molecular Clouds are not globally collapsing

0 10
Ryc Lmc (Mopc")

Turbulent support

Enengy Tuyectiou Sale . . .
LS Stee d Molcolen Couds L » CO linewidth in molecular clouds are

largely non-thermal: Av = 10 km s
(thermal linewidth for T=10K =2 0.1 km s7)

Loy (£

« What is injecting turbulence at the
cloud scale?

» Slow gravitational contraction
» Large-scale flows
* SN shocks

Spatial frequency
(inverse of spatial scale)




Magnetic Support: Clouds to Filaments

Magnetic support
Gravitational Magnetic
Energy Energy
3GM? |B|?V _ |B|*R®
5R\> (8)_ 6
D
.g. vias & Spitzer 1976
MCr = 0.13 i/ "9 Shu, Adams & Lizano 1987

In molecular clouds, a very small fraction (~10~7) of the cloud is ionised

due to Cosmic Rays.
In flux-freezing conditions, ions are bound to B lines and the ion-neutral

drag acts to allow gas flow along B lines and oppose flow across B lines.

b Natural formation of flattened structures



[Sole of Magnetic Field ?

Morphology of low-density medium in molecular clouds is 5
aligned with magnetic field Striations in low-brightness
CO emission :
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Magnetic field and density structure
of ISM clouds are related, but what is
the role of magnetic field ?

B field lines from
starlight polarization
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Chapman+ 2011 Right Ascension (J2000)

Magnetic field changes orientation w.r.t. filaments: from L in
the low-density ISM to || in the high-density filament gas

(¢) [deg]

21.0 21.5 22.0 ! 21.25 21.50 21.75 22.00 22.25 22.50 22.75 . 4 216 21.8 220 222 224
Soler 2019 log1p (Nu/cm~2) log1o (Nu/cm=2) logyo (Nu/cm=2)

B-vs-filament alignment in 9 star forming regions (based on Planck satellite polarization maps)



[Sole of Magnetic Field ?

HAWC+ Serpens South Pillai+ 2020

« Thresholds for twofold B-p
directional transitions: Ay~3 to A,~20

» Evidence of B entrained from
accretion flows

 Role of B

* Facilitator ?
* Regulator ?
 Passive ?

 vs different mass regimes ?
« vs different evolutionary stages ?
« vs ambient shear (e.g., Rgal)

=)
)
<)
N
=
9]
@
o

log (Flux Density (Jy))

18"30m24° T 00°
RA (J2000)




Magnetic Field vs Gravity

T T T T

Crutcher et al. 2010

Survey results included in this plot:

Heiles & Troland 2005: survey with 69 H | results
Crutcher 1999: compilation of 27 OH results
Troland & Crutcher 2008: survey with 34 OH results
Falgarone, Troland, Crutcher, & Paubert 2008: 14 CN results

B dominates

dominates




Molinari et al. 2016 l-l i- GAL 70-160-250um composite

the Herschel infrared Galactic Plane Survey
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from cold starless clumps to hot HIl Regions



Filamentary Clouds

-

GLON = 59° - Herschel 250um
Molinari+ 2010, Schisano+ 2014, 2020

The denser part of the
molecular clouds on teh
Galactic Plane is organised
in networks of filamentary
structures

The dense clumps that are
sites of protocluster
formation are for a large
fraction distributed along
these filaments

The counterpart of this
phenomenology in nearby
(local) star forming regions
exists; in this case the
compact sources found on
filaments are «coresy, or
sites of formation of single
stars



Filamentary Clouds

» The denser part of the
molecular clouds on teh
Galactic Plane is organised
in networks of filamentary
structures

The dense clumps that are
sites of protocluster
formation are for a large
fraction distributed along
these filaments

The counterpart of this
phenomenology in nearby
(local) star forming regions
exists; in this case the
compact sources found on
filaments are «cores», or
sites of formation of single
stars

Molinari+ 2010, Schisano+ 2014, 2020



Filamentary Clouds

Molinari+ 2010, Schisano+ 2014, 2020

The denser part of the
molecular clouds on teh
Galactic Plane is organised
in networks of filamentary
structures

The dense clumps that are
sites of protocluster
formation are for a large
fraction distributed along
these filaments

The counterpart of this
phenomenology in nearby
(local) star forming regions
exists; in this case the
compact sources found on
filaments are «cores», or
sites of formation of single
stars




Filaments and Star Formation
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Ronyvest 2016, — Molinari+2010, Schisano+ 2014
André+ 2010. 2014 Galactic longitude ,



i

e A ‘ Filaments and Star Formation
B 250, e TR,
} . o

Star formation is mostly associated with filaments
(reported for young stars back to Schneider & Elmegreen 1979)

But also primordial condensation (tP** <1 Myr) are located on filaments
On situ formation > 75% early objects
Not all filaments are star forming

~1°20'00"

—1°4000" |§ %
i§,—2°oo'oo"
§—2°2o'00” | o1 _

. : o0pc
~2°40'00" i E_j L ' Méh’ShChlkOV+2010
[ Miville-Deschénes #2010
J/"f\/" - S— —— " M 0.04 : Ward—ThOanSOI‘] '|: 201 O
KonyveS+ 20169 = 32Riggt Ascension (?Jgogg) =0 VIOIINATL p 14

André+ 2010. 2014 Galactic longitude




Mass-Size relationship of filamentary dust clouds

Individual targets
B213-L1495

ISF

Musca

Nessie

DR21 (ridge)
Mon-R2 (hub)
NGC 1333 (hub)
Brick

o
0
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&
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8

Unstable

107 0T
Hacar+ 2023, PPVII




Mass-Size relationship of filamentary dust clouds

Individual targets
B213-L1495

ISF

Musca

Nessie

DR21 (ridge)
Mon-R2 (hub)
NGC 1333 (hub)

o
L
7
+
&
&
&
8

1077 T
Hacar+ 2023, PPVII

Supersonic non-thermal velocity dispersions o ~ 1 km/s are compatible with
measurements on large Galactic filaments, providing dynamical support.



Magnetic support in filaments

T T i
Data from Schisano+ 2020 3

Dense Filaments span an average N(H,) range that is compatible
with structures on the verge of losing magnetic support

Number of Filaments

J \ y '~ y rd
Nearby Filamenis Crutcher et al. 2,0/1‘0
IRDCs ]
Dense Fibers
Striations
HI Filaments
Zeeman observ‘.-ations

O E 1 1 b h
10" 10%° 107 107 10% 10
Mean Filament Column Density (part cm™2)

Dust polarization measurement,
provide estimates of B intensity via
the Davis-Chandrasekhar-Fermi

method. o

HI filaments and “striations” ISM are
magnetically supported

Dense filaments like IRDC distribute
on an equilibrium/equipartition

| ! ¥ Gravity do ninates
B drawn and amplified by gravity ? | | T

- 'ﬂagnctiI&aIW critica

- .777.7.12@511” A b 7.7.]:;@3;;; V- S .7.71:].7.0:173\’1‘ - 7.1.}@2474, . nd
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lAinematics in filamenrtary clouds

Filamentary InfraRed Dark Cloud (IRDC) SDC335

Line of sight velocity (km/s)

Bum flux density (MJy/sr)
-47

CH3;0H and N,H* with ALMA
(3mm band) reveal ordered
motions along the filaments:
filament accretion onto the
central massive cores

Declination (J2000)

163100- 16"31700° Column density (x10%cm™2) Line of sight velogity (km/s)

1
Peretto+ 2013 Right Ascension (J2000) Right Ascension

Single-dish millimeter spectroscopy
(HCO* 1-0) suggests global collapse:
clump accretion onto the filaments.

offset in arcmin @ 3.25kpc

-1
offset in arcmin @ 3.25kpc offset in arcmin @ 3.25kpc



When gravity takes over: the Dense Clumps

—

CLUMPS - Compact dense structures,
generally poorly resolved by single-disk
facilities both in dust and gas. Clumps are
sites of protocluster formation

Herschel 3.5m — 70-500um
e y i

4

Rt L, “--
s Mol

IRAM 30m — 1-3mm

Typical parameters:

* 0.1pc < R < 1.5pc =2 These are protoclusters formation sites

*+ 100Mg < M < 5000Mg

n >10*cm™3

* Temperature, Luminosity and the shape of the Spectral Energy
Distribution (SED) dramatically change with evolution



Dense Clumps in the infrared

WISE 22 um MIPSGAL 24 um PACS 70 um PACS 160 um SPIRE 250 um MSX 21 um WISE 22 pm MIPSGAL 24 um PACS 70 um PACS 160 um SPIRE 250 um
SPIRE 350 um SPIRE 500 um ATLASGAL 870 um BGPS 1100 pm SPIRE 350 um SPIRE 500 um ATLASGAL 870 um BGPS 1100 um
100

Bd.<4d

Nearly 150,000 compact clumps revealed by Herschel/Hi-GAL (Elia+ 2017, 2021)
Each source in Far-IR/submm single-dish surveys is a dense clump potentially hosting a protocluster in the making

10?

10°

0Pk Bold o

' 0
0.001 0.010 0.100 1.000 D
Radius (pc) Log(X/[g cm™])

Elia+ 2017




Tracing the evolution of Dense Clumps

—

«PreStellar» — 70um dark AGALO#4:
[no, or low, star formation ongoing

......

......

777777

mym

Prestellar

MIR-dark
Protostellar

1.00 1000  100.00
LBOL / MENV

AGAL340.746-01.001
Class: Mid-IR bright

.

,,,,,,

ssssss

actic Latitude
- .

Galactic Latjg é

G317.8680-0.1514
Class: Mid-IR weak

10°

10°
10*

10°

Luminosity (Le)

AGAL333.134-00.431
Class: Hll

Galactic

AAAAAA

aaaaaa

— Prestellar
MIR-dark
YSO

— UCHI

Molinari+ 2008, 2019
Koenig+2017

1.0 100 100.0 1000.0 10000.0
MENV (MG))



Back ro the Galaxy: Star Formation [Rates

jj ZSFR NZO i 07 MQyT_l

Galactocentric SFR profile

This work

Lee et al, (2016)
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Srar-forming Clumps as Chemistry Labs

Rich photochemistry
triggered by intense
UV field from newborn
massive stars

Sublimation of dust
grain ice mantles
(rich in molecules)




Dynamical State of Massive Clumps

Hi-GAL/MALT90 massive clumps

o Massive Clumps depart from the Larson’s relation
RSN o, oc RO->|typical of turbulent support

YSOs a

HIl regions *

il
_llll
The excess of velocity dispersion at any

given Clump radius (w.r.t. expectations Log(ati)
for turbulent support) may be due to
gravity-driven turbulence that does not
oppose collapse, because it dissipates
faster than it is injected

4
3
2
1
5
4
3
2
1
35
30
25
20
15
10
5
10
8
6
4
2

Radius (pc)

Virial parameters are for the most part o<1,
suggesting a state of unsupported collapse




Star Formation Histories in Dense Clumps

(image: Ks — contours: cold dust)

Strong ZAMS source and YSO cluster coincident with
the peak of dense gas 2 well evolved system




Star Formation Histories in Dense Clumps

(image: Ks — contours: cold dust)

Strong ZAMS source and YSO cluster coincident with
the peak of dense gas 2 well evolved system

SR
- %, 77 Rich YSO cluster coincident with the peak of dense gas =
.= massive ZAMS likely not yet there




Star Formation Histories in Dense Clumps

(image: Ks — contours: cold dust)

Strong ZAMS source and YSO cluster coincident with
the peak of dense gas 2 well evolved system

& EARER |
" e . . <% 77 Rich YSO cluster coincident with the peak of dense gas >

Rich YSO cluster AROUND the peak of dense gas = seed of massive ,
stars not yet there, but still part of the same Star Formation event f




Star Formation Histories in Dense Clumps

(image: Ks — contours: cold dust)

Strong ZAMS source and YSO cluster coincident with
the peak of dense gas 2 well evolved system

" e . 0 <% 77 Rich YSO cluster coincident with the peak of dense gas >

Rich YSO cluster AROUND the peak of dense gas > seed of massive _
stars not yet there, but still part of the same Star Formation event f

Rich YSO cluster OFFSET with the peak of dense gas > ?
two distinct star formation events in the same region

Resolve the dense clumps into
cores, a.k.a., the YSO progenitors



Cores-clusters overview with ALMA/NOEMA

70um-dark — L >10% Lg

§voboda+19 . ASHES - Sanhueza+19

SQUALO - Traficante+23
G29558

CORE - Beuther+18
u

[ G337.541-00.082

‘‘‘‘‘
________

Variable but relatively high degree of fragmentation (up to 40-ish) in all evolutionary stages
Hierarchical sub-clustering, with fragments separation ~ thermal Jeans length
e Hints of cores separation decreasing with evolution

However: 10-20 massive clumps for each program - Physical resolutions between 1000 and
5000 au

9

» Mapping of entire star-formation complexes Large ALMA Programs:
« Statistical target samples (~1000s) ALMA-IMF & ALMAGAL

« Chemistry



ALMA-IMF: Star-Forming Complexes

Large ALMA Program: ALMA-IMF: Investigating the origin of stellar masses (Motte+2022)

e 15 extreme protoclusters (2500 < M < 33000 M) mapped at 1mm and 3mm, including e.g. the
W43 mini-starbust complex
e Sensitivity down to ~0.5 M, and spatial resolution of ~2000 AU

= This paper
Kong+ 2019

—-= Motte+ 2018
Konyves+ 2015

-=-=Salpeter slope

> M, N(>log(M))
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FIRST RESULTS

e ~700 cores with masses 0.15 <M < 250 Mg, (Motte+22; Ginsburg+22)
e Evidence of top-heavy core mass function in W43-MM2/MM3 (Pouteau+22)
e Similar chemical composition and excitation of most of the COMs in W43-MM1 hot cores (Brouillet+22)



ALMAGAL: Statistical Galaxy-Wide Surveys

Large ALMA Program ALMAGAL.: a statistically significant and complete survey
of massive star-forming clumps in our Galaxy (Molinari+ 2024, in prep.)

‘ : 1017 clumps: M 2500 M, 10?2 S L/M S 10% Lo/M o
ALMA Band 6 (1.3mm), 1000au spatial resolution, 0.3 Mg mass limit




total clumps: 838
total Nfag: 6303

max Nfag: 49
mean Nfag: 8
median Nfag: 5

1 frag.: 130 (16%)

1-2 frag.: 239 (29%)
3-9 frag.: 375 (45%)
10-20 frag.: 166 (20%)
> 20 frag.: 58 (7%)

Coletta+ 2024, in prep.

Careful with Core mass estimates

- Dust Temperature
—> Dust Opacity

- Free-free contamination



Simulations show that new/different physics affects the process of clump fragmentation
and disk formation. Simulations alone cannot allow us to derive quantitative conclusions

without the ground truth provided by observations. A meaning full detailed comparison
is essential!

(a) SFE=0.0017 (b) SFE=0.015 (c) SFE=0.15

Outflows

23.4 2 25.521.1 22.3 235 24.7 25.921.1 22.4 23.8
log(N) [cm™?] log(N) [cm=2] log(N) [cm~2]

24.0
log(N) [cm~2]
Outflows

0.048 pc

225 235 245 25.6 26.622.1 234 24.7 27.321.8 . 246
log(N) [cm=2] log(N) [cm~2] log(N) [cm=2]

5.8 6.1 6.5 5.0 54 5.8 6.1 6.5
log(|v]) [cm/s] log(|v]) [cm/s]

Sink 4, t=81.55 kyr E) Sink 40, t=85.5 kyr
Msink = 0.0164 M, Msing = 0.0035M,,
Maisk = 0.0464 Mo, Raisk = 17.95 au Maisk = 0.0058 Mo, Ruisk = 10.03au

(Lebreuilly et al. 2022, 2023)

<= Individual disks, fed by streamers




ALMA and VLT observations of disks populations

The past decade has produced a revolution in our understanding of protoplanetary disk
populations using ALMA and VLT.

Disk masses, sizes and accretion rates have been the prime observables used to constrain
disk physics during planet formation

L sz86

VLT/XSHOOTER : _ z

._ t 11 i | .i | ] j
' ,“ J |
i . | . AN
| A o f‘f‘*i"\':i
o ‘ » X ) 340 360 3B0 400 420

NN O OO (Manara+2014, 2023)
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« Protoplancetary» vs. « Planet hosting» disks

”protoplanetary” disks @1Myr seem to contain too little mass to form

planetary systems.

Planet formation has to happen at early stages of evolution implying that

constraining initial conditions is essential

Lupus, Cha | ~ 2-3 Myr > : Ophiuchus <1Myr
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== Cores (single exoplanets)
Dust mass in disks
Cores (systems of exoplanets)
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Manara+2018
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Are young disk masses and sizes reliable?

Measuring disk radii and masses at young ages is not easy

Detailed comparison with simulations show systematic bias with
measurements done at 1Imm with ALMA

Sink 57
RAMSES RADMC-3D ferss-iem fr-sterl  CASA (C43-3)  yiveam

t=116.64 kyr

(Lebreuilly et al. 2022, 2023) (Ngo et al. 2024)

Basic comparison framework Simulations <~ Observations



Are young disk masses and sizes reliable?

Measuring disk radii and masses at young ages is not easy

Detailed comparison with simulations show systematic bias with
measurements done at 1Imm with ALMA

T=123K: log(y) = 0.39*3:10log(x)-0.96*312, 0> = 0.11*3-34

C43-4 (0 27" —=37.2 au ) T=T,(Rase): l0g(y) = 0.49*034l0g(x)—0.82+315, 0? = 0,19;8335’
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How to progress?

Trace the material that is feeding the young disk (gas and dust properties)

Trace the physical conditions in the disk

Are grains growing already in Class 0/l envelopes?
Are they transported therein ?

Dust properties
UM And recycle
R In Class 0/I

Envelopes
= (Miotello+2014;
uv-distance (kA) Galametz+201 9,

Cacciapuoti, L. et al. 2023a

Cacciapuoti+2023ab)

-

M8 (10-2M o yr~)
Cacciapuoti, L. et al. 2023b.
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Most of what we know of disk evolution is based on nearby SFR

This is an anomaly in the galactic context, and for the Solar System, which may
have formed in a clustered environment
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Most of what we know of disk evolution is based on nearby SFR

This is an anomaly in the galactic context, and for the Solar System, which may
have formed in a clustered environment

= B1 Myr

B3 Myr
—— B5 Myr
= B15 Myr

T o Effect of external

== S3Myr
== S5Myr

e photoevaporation
SRR on disk mass and
AN I accretion
0.7 ISl HH (Itrich+2024ab,
Kang+2023,2024)

oOri, LVC
Trl4
Tr14, high sky

4 (J2000)

0]
o
Rdisk ( au)

2]
(=)

10b44™m12.05  00.0°  43™48.0°

Itrich+2024 = fJ2000)



P

) ‘m |

= B

G Cl

=

©

> e

| -

(dD]

m .

S ' L
1}3}1}3}3}1'ﬁ'ﬁ'1"l"l"i"l"l"i"l"l"i"l"l"i"l"l"i"l"l"i"l"l"i"l"l"i"l"l"i"l"l"i"l"l"i"l"l"i"l"l"i"l"l"i"l"l"i"l"l"i"l"l"i"l"l"i"l"l"i"l"l"i"l"l"i"l'ﬁ'ﬁ}ﬁ}ﬁ}ﬁ}ﬁ}?}?}?
TR ':-'.-:-'.-:-'.-:-'.-:-'.-:-'.-:-'.-Z

#Advanced statlstlcal analysis, machine learning, models cahbratlon metncs A
'-'.'-'-'.'-'-'J-'-'.'-'-'.'--a--’.--’.--’a--’.--’.--’a--’.--’.--?-’.--’ e o a6 S R R T 6 g g g T a5 " a5 T S I J..-:'..-'-'f..-:'..-'-'f..

Theory

fragmentatio
0 |
T '*""‘“’h' , >
X = &




The ECOGAL challenge: Putting everything together

Multi-scale analysis of Galaxy-scale panoramic surveys +
New high spatial resolution surveys:

v Galaxy-wide and statistically significant census of star forming regions, young
protoclusters and protoplanetary disks

Observations

v' >10x increase w.r.t. present state of the art

fragmentatio

Iterative series of zoom-in levels: Top-down => full control of initial conditions
Bottom-up = “effective modelling”

v’ Self-consistent and statistically significant ensemble of representative environments

v Analytical models and probability density functions to provide the general picture
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The «realy ECOGAL challenge

“we switched-off gravity” ?? WHAT???

“clumps” ? “filaments” ? "cores” ?
How much crap do you think you see ?



The Sins you will do
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>’Lucifer eating Cosmologists’’
Giovanni da Modena, Basilica di S. Petronio



Welcome to Les Houches

Ler's learn a ot of things!
Question everything!

Lecturers are at your disposal: use
them!

ENJOY THE PHYSICS OF
STAR FOBMATION SCHOOL!
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