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The star and Planet formation process.
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the Prol:)erties omc the nascent stars and Planetary sgstems
are determined bg the interplag btw accretion and fjection

DISCRETE ROTATING NESTED FLOW SURFACES

ALMA Connected to disk rings
Observations: ¢
. s Low-velocity
Disk wind/jet disk wind?
Accretion flows
Accretion shock
' 1 >l
Inner hot & N
-— Z dust wall Dusty disk /@
Hot continuum . Inner 86au
emission (T = 8,000 K); ?Troa?oar}?)lssmn lines gas disk 72au
some narrow lines; =
X-rays? N
Hartmann et al. 2016 Bacciotti et al. 2025, Cogeg etal. 2026

e accretion and ejection set the final stellar mass and the timescale for Planet formation
. jets and winds extract angular momentum thus a”owing accretion onto the YSO

. jets and winds may carve gaps in the disk thus triggéringgrain growth & Planet formation



JEDI-EX COLLABORATION

The MORFEO working team “Jets, Disks, Exoplanets”1s on:

SC1: Outtlow, Wind & Jets (Podio/Bacciotti)
SC2: Planet forming disks’ streamers (Ginski)
SC3: Planet forming disks’ substructures (7oci)
SC4: Planet forming disks’ dust properties (Ginski)
SC5: Protoplanets (Fedele)

SC6: Exoplanets architectures (Mesa)

SC7: Exoplanets atmospheres (Palma-Bifani)
SC8: Debris Disks (Roccatagliata)
SC9: Free-floating planets & Brown Dwarfs (D0Orazi)
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"MORFEO-MICADO on ELT wx” unvexl accretion & ejectxon nYSOs
From nearby SFRs to tl"lé lxmxts of the MW and ]:)egoncl

i W
. cus @?140 Pc.g thc s’ca%gormmg rcglon NGC 5‘1“6 in the SMC @560 ch
g P | 2 ‘. : o _'; secn bg JWST

the star-gorming rcgio D

| Meeting della strumentazione ELT a guida italiana - 12-15 VT 20264 :' : Linda Podio



'Jetsancl C)utﬂows are observecl from UV to mm

HH 211 (Perseus, 320 PC) HL T ’t‘c:l 150
| au at a=150 pc

- observed 139 JWST
B o i | [Felll +H2 + CO
“Fell] + H2 - Al
/\ . L 1 cccccc H,2.12 ym
‘6, '  [Fell] 1.8 ym
' 4 R ¢
v id g ! %
' v [ HST [01163500 A
: — Il ALMA CO 2-1

i, | 5000 AU 5

Rag etal. 2024 o ]

: ey 1 . J el . ‘AO(\ @ ZIN
Arce et al. ZOI§A+E;rl‘<a| et al. 2021 + Nisini et al. 2024 . Nony et al. 2026

Jets Produce shocks at the imPac’t with the surrciunding medium and emit in forbidden &
Permit‘ced lines in the NIR, e.g. H2 rc\~vibrationa| & [Fell] lines
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Jets are gréat targets' for AO~assistecl imaging and IFU

| DG TAU ©HOp, [Fell] + H2
“with SINFONIIFU (0.2” - R=5000)
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Keg observables:jet collimation & wiggling

Jets observations with VIT-SPHERE
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SPHERE allowed to resolve the Je‘c width

on <50au distance for brxghtjets driven 59

brxght sources (R<»-14 guxclmg stars)

Jets observations with JWST

[Fell] 1.81 um
@ [Fell] 5.34 um
i

‘F can point back to the

origin of theje’c in the disk

gict wiggling is due to
accretion/ ejec’cion
Pulsation and allows
to infer the orbit of
Forming Planets

MORFEO-MICADO will observejet in [Fell] (e.g. 1.25, 1.64um)and H2 (2.12um) line emission in NB filters
down to 10-20 mas (a few au for nearbg SFRs, d~100 Pc): 0 will resolve the launching region) (N will explore
ejection for more embedded 7 lower mass YSOs (R<=16 mag with SCAO and ~24 with VIX®)



Magnetospheric accretion and mass accretion rate

T ~10+K shocked gas emits in:

UV excessy o Balmer & Paschen continua
emission

. . Balmer & Paschen series
- e Call IRT, Hel, PaB & Bry

" |
derived from UV
inuum excess and / or emission

outflow
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Mass accretion estimates from L___vs L. correlation

The correlation between the accretion luminosit9 (clerivecl from the UV-excess)
and the line luminositg (PaB & BrY) h\as been calibrated from Xshooter sPectroscoPg
of nearbg SFRs and extends over ~4 orders of mag
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Alcala’ et al 20145 2017

MORFEO-MICADO will observe PaB & Bry line emission in NB filters and derive the mass accretion rates
for embedded/low mass YSOs (R<=16 mag with SCAO and ~24 with MCAQO)



Keg observables:jet Velocity ancl mass loss rate
E”erbroek, Podio+ 2013
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mass loss rate vs mass accretion rate

Mice 0.1 = 1 M.

What is the Mjet/ Mace

for more embedclecl, lower mass YSOs?

K.A. (J2UUU)

jet .
mass-loss Miet = MMy Ny 7T r% Uj
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JED]EX SCla: Ejec’uon ancl accretion in nearbg SFRs
with ELT MORFEO-MICADO

° cletectje{: emission |inc:s ([Fel], H2)

‘ usihg NB filters on MORFEO-

: MICADO down to a few au from YSO
and for low mass, embedded Y5Os
ejé collimation and |aunching

Point in the disk

e detect accretion emission lines (PaB,

”ﬂﬂ using NB filters on MORFEO-
R MICADO | |

<

o Aerlve M. et from Ly (+ Jet veloc:tg) and
\ M. Frorn Ly (+stellar Parameter)
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Wha’t are ’the Cjec’tion/ accretion Properties of YSOs

n low—-meta”icitg environments 7

CO-2-1 outflow driven bg the massive
protostar Y246 revealed by ALMA @0.25”

the HH n77 bipolarjct&rivcn bg aMYSO inthe LMC
observed with VIT-MUSE

ALMA CO 2-1 Y246 >
Color : 0.87 mm : -
Blue : 12CO (147 - 158 km s71) mas" (&
Red : 12CO (168 - 180 km s-1) [orotostar [Ss
in LMC 5
.
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Tokuda et al. 2022

MclLeod et al. Nature 2024

Sun-like YSOs in the NGC 346 SFR in the LMC
observed with HST
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e Marchi, Giardino, Biazzo et al. 2024

molecular outflows, i.e., the guidépost of the disk accretion, as well as keplerian rotating disks, and accretion Probes
such as PaB, Bry might be universa”g associated with protostars across the meta”icitg range of ~0.2-1Zo.

\
\

Meeting della strumentazione ELT a guida italiana - 12-15 May 20264

| inda Podio



What are the e1c1cects o1C the local environment on the Properties OF the Forming stars?

What are the IMF, mass accretion rate & disk lifetime in low~meta”icitg environments?

V¥ Associations ; 2 A Open clusters
® Dense clusters A Globular clusters

A Field

Hillenbrand &
Carpenter 2000

Muench et al. 2002

Luhman et al. 2000
(Trapezium)

Luhman et al. 2000
(IC 348)
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Bastien et. al. 2010 ARAEA

B goocl agreement for M>03M,

B very uncertain in the low-mass and sub-stellar regimes

— low meta”ici’cg IMF not determined yet



Accretion & dlsk lifetime vs Meta”icity

SF clusters in the
a Extreme Outer Galaxg (EOG)
: Yasui et al. 2009

Solar Meta”icitg regions
Fedele et al. 2010
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e much lower disk fractione low Z (< 0.27Z5)
o disks lifetime much shorter at low Z

much higher accretion rates at low meta”ici’cg ?

consequences For Plahe’c Formation



Accretion & dlsk lifetime vs Meta”icity

Ssh2-284, 445 ch, Z ~1/6Zo, LBT - MODS: ~65YS5Os
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Alcala+2017: Lup
Manara+2015,2016,2020: Chal,00ph,UpSco.
Gangi+2022: Tau

# Kalari+2015: Dol25
Roger: 24: NGC3603

4 De Mai 2024: NGC346

@ Ashrof+2026: Dol25
This work
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Right Ascension (deg)

Biazzo, Alcalé, Cusano et al. 2026

Estimates of M. show accretion Prol:)erties similar to those in Z “ShiRs



ELT-MORFEO to studg IMF, accretion/ ejection N
distant SFRs

Tgpical size of embedded clusters in the LMC \ Tgpical size of embedded clusters in the Milkg Wag: |- 4~Pc
ONC: size 3%’
=4 pc @ Cl~4‘OOPC

[¢]]
o

Romita et al.
2017
based on VMC

N
w
%
4

N
o

—_
o

Number of LMC Embedded Clusters
) o
—

1.0 1.5
Radius (pc)

° in the LMC @50 kpc the cluster size rangeis 4 - 16 arcsec
o excellent targets for MORFEO-MICADO
° with MCAQ FoV 20” x 20”: whole clusterin a single shot

P angu!ar resolution 6-12 mas (1,5 mas/Pixel) (a factor ]

Most YSOs in 0.04 x 0.04 PCZ

1 e @ : O. . 2
better than JWST in angres, >10 in P:xel scale) 9 ‘(PC O0.I7x 0.7 arcsec

° sep. 500 au@ﬁok . i.e. wide binaries !
P P<

The high spatial resolution manclatorg for IMF studies in clistant) low-Z SFRs



JEDIEX SCib: Accretion/ ejection & disk fraction in IQW~Z
environment with ELT MORFEO-MICADO |

° ‘\:haracterise émbedclécl clus‘ters in LMC-SMC

® investigate .l.ow~mass (2 -~ 0.1Mo) YSO members

o detect PaB & Bry emis. lines with NB filters & singlé
out accretin |

) ‘ >
il}ne correlation calibratccl for

e disk fraction through spectroscopic NIR
S e excess _

oL n, M»écc in low-Z YSOs in comparison with

icity YSOs in the Milky Way |

- oletae. ]

b w0 \
in the SMC @60 |<Pc seen 139 JWST :
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MORFEO MICADO on ELT

to unvc:l accretion ancl ejectlon N young s stars

n thé Solar ﬂelghbourhood ancl bCHOﬂCl

Thank you!
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