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Characterize the youngest protostars with Herschel
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Far-IR emission of CO and water tracing outflows and shocks
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Resolved emission unveils the origins of CO and water
NGC 1333 IRAS 4B
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The origin of CO emission

Proposed by Mottram+2014

entrained gas

cavity shocks

spotshocksé o o 0o 0 o O

Modified from Fig. 10 in Kristensen+2017
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DIGIT COPS to solve the cases
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An inventory of molecular and atomic emission lines
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Two distinct populations of rotational temperatures

V74l three temperatures
four temperatures
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Other molecules (e.g. H2) may become the
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Dec offset [arcsec]
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Azimuthal flux distribution to quantity bipolarity
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The extent of CO emission decreases at higher-J
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How does the dense core collapse”

Mass accretion rate (Me yr1)
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Accretion variabpility

Relative magnitude
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INnitial Mass Function
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The evolution of angular momentum during the collapse

Rotation radius (pc)
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Model the structure of protostellar envelope

* Sound speed

* opening angle

e rotational speed . .den.snyl orofile . disk size
*age * Inclination
*flare power
* disk mass
* scale height

g

luminosity < Rx, Tx
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Model the structure of protostellar envelope

' observation -

®  photometry
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The "smoking gun” evidence of the collapsing envelope

Kinematics is the key! L eung & Brown 1977
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A prob\em awalts ALMA to solve
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The “smoking gun” evidence of the collapsing envelope
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Probe the infalling envelope of BHR 71

A case study with BHR 71 - an isolated embedded protostar

Declination (J2000)
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Where are the molecules and can we see them?
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HCO+ depletion at the inner region

IRAS 15398-3359
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Gaseous water destroys HCO+
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Model the HCO™* profile due to the infall

Dust model constrained by
Herschel spectra (Yang+2017) chemical abundance

density, temperature, velocity
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v, [km s71]

The kinematics of the rotating infalling envelope
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Tmb[K]
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Model the HCO+ profile due to the intall

HCO+ prefers a younger envelope

Tmb[K]

40_' — ALMA
- - 36000 yrs (Yang+2017)
20000 yrs

30 -

20 -

10 A

0 - A
_10 -
_20 -
—4 —? 2 4

UT Austin | Yao-Lun Yang

Velocity [km s™1]




Dec offset [arcsec]

Model the HCO™* profile due to the infall
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Velocity and abundance at the freeze-out zone Is critical
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Tmb [K]

Tmb [K]

There are more molecules tracing different physical environment
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Velocity [km s™1]

Complex organic molecules (COMs) emission traces
the kinematics of the inner 100 AU

COMs trace a rotating ring

Infalling rotating
envelope (cyclic-C,H.,)
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Methanol indeed can form a ring

V883 Ori
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Sources with different Lpo have a similar chemistry
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A formation journey starts from the ices on dust grains

Disk Hot core Collapsing envelope Precollapse
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summary

three temperatures
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Kinematics of a rotating ring. ol
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