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THE COMPLEX ENVIRONMENT OF CLASS I SOURCES

Envelope

Disk

Outflow

300 AU

Density (cm-3) 
               107            106                 105                          104

 Temperature (K) 
300      100       30                                                      10

Outer envelope

Inner envelope

Warm gas (hot-corino)

Shocks

Disk



! Ophiuchus star-forming region 
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Herschel map (350 𝜇m)

SURVEY OF 10 YOUNG EMBEDDED SOURCES

Lbol:  0.12 - 18 L⊙Tbol:  36 - 420 K



Envelope C2H   N = 4-3, J = 9/2-7/2

Disk tracers:   
optically thin isotopologues

C17O      J = 3-2 

H13CO+  J = 4-3 

C34S       J = 7-6

Warm chemistry
CH3OH  Jk = 7k -6k  branch 

SO2        Jkakc = 184,14 -183,15

Continuum (0.87 mm)

Angular resolution 0.4" (~50 AU)

OBSERVATIONS

Artur de la Villarmois et al. (2019)
Artur de la Villarmois et al. (2018)
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PV diagrams M★
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Ṁacc = 2.4 × 10-7 M⊙/yr

Ṁacc =
LbolR!

GM!

HOW DOES THE MATERIAL ACCRETE FROM THE 
DISK ONTO THE PROTOSTAR?

Solid circles: Artur de la Villarmois et al. (2019) 
Open circles: Aso et al. (2015)
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Ṁacc =
LbolR!

GM!

HOW DOES THE MATERIAL ACCRETE FROM THE 
DISK ONTO THE PROTOSTAR?

Solid circles: Artur de la Villarmois et al. (2019) 
Open circles: Aso et al. (2015)

Class 0 
Class I

Most of the sources  
are in a quiescent  
state of accretion

Variable accretion rate 
(episodic accretion bursts)



Lbol > 6 L⊙

Lbol ⬌ Ṁacc

SO2 DETECTED IN SOURCES WITH HIGH Lbol
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Higher velocities are expected

Accretion shocks
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Accretion shocks?
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IRS 44: Artur de la Villarmois et al. (2022) 
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SO2 DETECTED IN SOURCES WITH HIGH Lbol
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Infalling streamer: Mass infall rate = 1.3 × 10-6 M⦿/year 

From Lbol: Ṁacc = 1.3 × 10-6 M⦿/year !!! 

Valdivia-Mena et al. (2022) 
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TAKE HOME MESSAGES

Detection of disk tracers is essential to separate the disk from 
the envelope component and to estimate M★

<Ṁacc> is too low for the accretion to be constant in time  
➾  Episodic accretion bursts

tquiescent  >  tactive

SO2 molecules seem to be linked to high Ṁacc, accretion shocks, 
and the presence of infalling streamers

Streamers:    Ṁinfall  vs.  Ṁacc ?


