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Free-fall time scale:

Main accretion phase:

Late accretion phase:

LADA 1987; ANDRE WARD-THOMPSON & BARSONY 1993

BACHILLER 1996
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Evolution from starless core
to class 0 source:

Largely Unexplored

How does gravitational collapse
of starless cores proceed ? What
physics drive the process ?

What are the initial and boundary
conditions for gravitational
collapse ?

What are physical properties of
the very first protostar
(adiabatic core = “first core”) ?
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@pontaneous SF: Quasi-Static Collapse \

Magnetically supported quasi-static state when a star is born

V (rt)=0fr r =0 ,t=0 Shu 1977
t —> -tamb t :I O
———————— | )
t,4: timescale of Birth of Protostar

lepolar diffusion protostar phase /




@pontaneous SF: Quasi-Static Collapse \

Magnetically supported quasi-static state when a star is born

V (rt)=0fr r =0 ,t=0 Shu 1977
C= Tty t=0 N
t,4: timescale of Birth of Protostar
lepolar diffusion profostar phase /
6nduced SF: Runaway Collapse \

External force triggers S.F., causing dynamical collapse

v(rt) = v(/(ct) =-2.38 ¢, for t = -0
Larson 1969, Penston 1969

t — _t s Hunter 1977
ff T -0 t; 0

Whitworth & Summers 1985

l}f - free-fall time Blr'Th Of Protostar
\ protostar phase /
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“Blueskewed” infall profiles
with Herschel HIFI

< Furuya+ 09 (CO, HCO*/& & T).
RSF in prep. 0.8 arcsec beam™
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“Inverse P-Cygni” profiles
with Herschel HIFI

] < Furuya+11 (CO/R%E. SMAT),

Beltran 04 (NH3, VLAT)
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Isovelocity
curve

10Katr=0.1pc

Tfar-side < Tnear'—side

causes no self-absorption
in blueshifted gas

Tfar'-side >T

causes self-absorption

near-side

in redshifted gas

Asymmetric profile of

Thie > Treq in optically thick
line traces infall in a core



Infall Profiles:
Observed vs.

Model calculations: adopted density profiles and velocity

fields expected for runaway and quasi-static collapses

and p(r)
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FURUYA ET AL. 2009 APJ 692, L 96

{mb/ !mb

H'?co*(3-2)

The best-fit: Vins = 0.5 km/s w. Runaway collapse model

Mass accretion rate ~ 2.5e-5 Msun/yr is derived w. the Vins
H'?co™(1-0)

H'>co*(1-0)
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Interferometric Spectra towards the Hot Molecular Core
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