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" The Star formation Process & the birth of Planets
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The output of the star formation process
is determined bg the interplag between
accrctign and qcction

Low-velocity

Diskwind/jet it wind?

Accretion shock

Inner hot

dust wall Dusty disk

Hot continuum P Inner
emission (T~ 8,000K); Broad gmission lines gas disk
some narrow lines; (T=10%K)

X-rays?

Hartmann et al. ?_O{é



..Magnetospheric accretion and mass accretion rate

T ~10+K shocked gas emits in:

uv .CXCCE@\' e Balmer & Paschen continua
\

emission e
) balmer & Paschen seres

N e Call IRT, Hel, PaB & Bry

" |
derived from UV
inuum excess and / or emission

outflow
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B - | P correlation

The correlation between the accretion luminosit9 (derivecl from the UV-excess)

ancl the !lﬂ@ lummosﬂcg has !Z)CCH cal bratec:l From Xshooter sl:)cctroscopg O‘F nearbg SFRs

Balmer lines up to HI5 X-shooter
Pa5 - Palo & Br7

Hel & Hell (10 lines)
Call (H&K, IRT)
Nal D lines
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PaB & Bry rels. extend ~4 orders of mag

Alcala’ &t al 2014 2017
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| ’The star Formation process
From nearbg SFRs to the limits of the MW and begoncl

s = the%tarﬂcormmg .r_.é_g'ion'NGC 346 'in the SMC @60 ch
B e ceenbiguwsT .

JWST_ is starting to do this\for a few YSOs. ..
MORFEO-SHARP will allow to go it for |arge samples
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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 ARA&A
astienet. a B goocl agreement for M>03 Mg

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

— low meta”ici’cg IMF not determined yet
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Accretion & dlsk lifetime vs Meta”icity

Solar Meta”icitg regions Yasui et al. 2009
Fedele et al. 2010
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e much lower disk fraction @ low Z (< 0.27Z0)

o disks lifetime much shorter at low Z

much higher accretion rates at low meta”ici’cg

consequences For Plahe’c Formation
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Accretion & disk fraction in low-Z environment with SHARP'

MOS and m-IFU of !ow~Z embeddcd clusters
with Nexus and Vesper

characterise embatl el ~-SMC
investigate low-mass (2 — 0.1 M) YSO dl
detect PaB & Bry (+ other) emis. lines & s
derive Miee from LoceLine corrclatlon cali bratad for nearbg SR

’érs
e out accretmg YSOs

mvestlgate disk fraction through SPCCtFOSCOPI NIR excess
examine CllS‘(—ﬂCraCtIOﬂ iy low-Z YSOs in c Parlson with solar meta”:c:tg YSOs i m .

the Mllkg Wag
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Accretion & disk fraction in low-Z environment with SHARP

. sl Orion Nebula Cluster
- . ;
B size 35, ie. "+ pc @390 pc

L W

i
# » Lk
2 ’ .
s (: el o W R
“ A " v ) . 2

MW embedded clusters —> size~1-4 pc

A

(¢
o

N
w

N
o

o

o

w

0
<
2
7
=
(&)
°
©
°
°
o
0
€
W
(S}
=
3
-
)
.
©
0
S
5
z

1.0 1.5
Radius (pc)

L MC clusters size

the cluster size is 47 - 16” @50 kpc —> young clusters are excellent targets for m-IFU \/esper
R IFU.(.72 X157 ) —= allows observing more YSO simultaneouslg WreRliey: 24 x/0°
3lmas /Pix (factor 3.5 better than JWST) —> seP”lﬁﬁO au e 50|<Pc (i.e. wide binaries)

the IFU allows to subtract backgrouncl emission

ograph |



Accretion & disk fraction in low-Z environment with SHARP

5M9r isochrone @ 5O|<Pc

\
with its sensitivitg and spectral s sPatial res 2 solar masses
SHARP Vesper/chus will allow us to:

1 solar mass

o detect accre’cing YSOsjust above the H-
burning limit

® detect 0.3 Mo YSOs with F(PaB) & F(Bry)
10-20 — 10~ c:rg/s/cmZ

® derive PaB & Bry YSOs line !uminositg

1 [ ” 10 it
e usel  ~— Ll' relations calibrated using Jupiter masses
acc ne

YSOs in nearbg SFRstoderive L and M

acc acc \

3 Jupiter masses\.
0.2 0.3 0.4

H-K

&

o _',raph Pro;



The interplag between accretion and Cjec’tion

Low-velocity
disk wind?

Accretion flows
Accretion shock - ~ Hartmann et al. 2016

o ¥

Inner hot

Disk wind/jet

dust wall Dusty disk

Hot continuum T Inner
emission (T~ 8,000K); Broad gmission lines gas disk
some narrow lines; (T=107K)

X-rays?

JETS & OUTFLOWS
e extract angular momentum thus a”owing accretion onto the YSO
* may carve gaps in the disk thus triggering grain growtlﬁ & Plane‘c formation

e contribute clearing the clisk, thus setting the timescale for Plane’c formation

Ctre *g;;;r‘aph



Jets and Outﬂows are observecl from UV to mm

HH 211 (Perseus, 320 PC)

HI46-47 at d=450'pc JWST-NIRSpec
- observed ]:)9 JWST ' / P o P
B ' . HST [OI116500 A
Trel] + H2 K S
P %
& : f
w4 : !
, V‘& " B im’ H,2.12 ym
y = A [Fell] 1.8 ym
-Rag et al. 2024 ‘ = /Alxrcé etlal.lz Erl ; . Nisini et al. 2024

- o A .
Jets Produce shocks at the impact with the sufr_ounding medium and emit in forbidden &
Permi’c‘céd Iines in the NIR, e.g. H2 ro-vibrational & [Fell] lines

\
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Jets are gréat targets for AQ~assistecl imaging and IFU

- DG TAU e140pc, [Fell] + H2
“with SINFONI IFU (0.2” - R=3000)

7 Ho. Millimeter disk
I counter-jet ' '

with LBT-LUC]

‘Antoniucci et al. 2014

HH 34 @390pc

RY TAU @H‘OPC

thh SPHERE ZIMPOL & IRDIS .1

100 au

1 arcsec

[Fe 1] deconvolved image

PSF residuals

1 arcsec
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Key observables:jet velocitgj collimation and mass loss rate
E”erbroek, Podio+ 2013
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[Fell] + H2 emission a NI
: Knot 3 2R - m Class 0/1
sSeen 139 JWST | | Knot 1R \ - ¥ FU Ori objects
IK S 1 \ A HAeBe stars
no | .
| | . O T Tauri stars
: ] HH Zﬂjet - Continuum stars  HH 1043 '/ﬁ/
S5 Knot 4 ! 5 p : < Brown dwarfs [ ] AA
] Caratti o Garatt = Al A
BS 4 H_,O-('l S(1) ] - u

H,0-0 S(7) et al. 2024

column densitg P

of H2 £as

3
Bt mass loss rate vs mass accretion rate
Ve])oci’cg Mjet T <] Macc
P — — What is the Mjet/MaCC
Jet - 2 N |ow~meta”ici’c9 environments?
mass-loss Miet = MMy Ny 7T rJ Uj '
rate

o) 'aPk '



First detection of an outflow from a YSO in the SMC

Color : 0.87 mm ALMA observations observations of

Blue : 12CO (147 - 158 km s71)

Red : 22CO (168 - 180 km s-1) CO2-1ata spatxal resolution of O.1 pc

toward the massive Protostar Y246

|

slecular outflows, i.e., the uiclerost of
e disk accretion at the small sca e, miglﬁt
be universa”g associated with protostars

across the meta”icitg range of ~0.2-1 6.

Tokuda et al. 2022 \

Unveiling the Universe with SHARP: a Slaectrograph Proposa! for MORFEOeELT



Jets & Outflows in nearbg SFRs and in low-Z environmcnt -

with SHARP

NEAus (MOS) & VESPER (m-IFU) will allow
obtamin_g higlﬁ SPectral/ sPatial resolution spectra
(0 mas, R=6000) ofjets in nearbg SFRs and in low-
Z embedded clusters
. o "

low-mass (2 —-0Od MgY cluster members in nea_rbg S_FRS and LMC-SMC

clctéctjet emission lines ([Fell], H2)

derive Miet From Ljne (+ jet velocity) '_’
| . ) ¥ 4
investigate fjectio‘n/ accretion interplag in low-Z YSOs in ComParison ‘with solar

meta”icitg YS5Os in thé Milkg Way \
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ETC SHARP: accretion/ ejection tracers

Input spectrum: CTTS 52884, M =0.2 Mo; H (Vega)=2%
Airm=1.5; Multi~Congugate AQ; Texpzlh; S/N>10 R=2000




A SHARP view of star & Planet formation
in the Solar neighbourhood and begoncl

| -Than'kyou ‘.
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