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Model of cloud core collapse

We present numerical studies of a collapsing molecular
cloud core which cover the first and second collapse phase
and the complete first accretion period of the protostel-
lar core. Thereby we focus on the interactions between
the newly formed protostar and the surrounding accretion
disk.
There are two important processes which lead to a strong
mixing and a highly non-stationary flow field in the sys-
tem: 1. The dust evaporation in the first core (still consist-
ing of molecular hydrogen) forces a thermal restructuring
and heavy convection due to different optical properties in
the dust-free regions (see Fig. 1†). 2. The high accretion
luminosity of the second (protostellar) core heats up the
surrounding accretion disk of the first core and initiates
an almost complete blow-out of the disk (see Fig. 2). Af-
ter some time, this process stops the accretion onto the
second core and therefore the blow-out. When reaching a
distance of about 500 AU from the center, the blown-out
material starts to fall back to the protostar (see Fig. 3).
These findings (cf. [4]) illustrate that the picture of an
accretion disk evolving quasi-stationary and uninfluenced
by the protostar is definitely incorrect. This conclusion is
also supported by other numerical investigations (cf. eg.,
[1]). The star formation process is rather non-stationary
and cyclic. Short and rapid accretion phases (lasting on
the order of 100 yr) alternate with long and quiet out-
flow periods (lasting several kyr). This could also explain
why observed protostars are less luminous than expected
for stationary accretion and possibly explain sudden in-
creases in luminosity such as e.g., FU Orionis activities
(cf. eg., [2]).

Implications for CAI formation

The described scenario furthermore offers an environment
for CAI formation that better than previously fits cosmo-
chemical constraints.

†All given ages in the text and figures are measured from the
moment where the first core becomes optically thick.

Figure 1: Meridional cross-section (left border: rotation
axis; bottom line: equator) of the non-stationary flow field
with additional streamlines at 1408 yr is plotted. The ab-
solute magnitude of the velocities is given by the color
scale in terms of the Mach number |v|/cs. The vector
length scales with the radius and has no physical meaning.

First, the necessary high formation temperatures (>1600 K)
are already reached in the first core inside 1 AU after
1400 yr (see Fig. 4) during a relatively short time inter-
val. Second, fast cooling rates of CAIs can be achieved by
a rapid outward transport due to large scale convective
flows described above (Fig. 1), and by the blow-out pro-
cess driven by the protostar (Fig. 2 and 3). This process
transports and dispenses the newly formed minerals out
to distances of up to 500 AU within about 5 kyr, while
subsequent fall-back lasts also about 5 kyr.
It is likely from our calcuations that several blow-out and
fall-back cycles occur (though increasingly less extreme),
so an open question to be answered is in which of these
cycles CAI formation occurred, while taking into account
present upper limits of formation time intervals of a few
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Figure 2: Meridional cross-sections of the density distri-
bution. Plotted are several snapshots of the blow-out of
matter previously forming the first core. Times are 1410 yr
(upper left), 1430 yr (lower left), 1450 yr (upper right),
and 1482 yr (lower right).

to a few 10 kyrs (cf. [3]). Our model also offers possibili-
ties that CAI material was reprocessed within subsequent
cycles at high temperatures and low temperatures (lead-
ing to the well-known formation of secondary minerals).
Finally, storage in outer parts of the disk for several Myr
before incorporation into chondrites also appears feasible
for material transported far outward under specific condi-
tions in the locally strongly varying flow fields (Fig. 1).
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Figure 3: Meridional cross-sections of the density distribu-
tion (note the larger spatial scale and the shifted density
scale compared to Fig. 2). Plotted is the long time evolu-
tion of the blown-out first core in form of density distribu-
tions at 2 kyr (upper left), 4 kyr (lower left), 5 kyr (upper
right), and 6 kyr (lower right).

Figure 4: Midplane temperature distribution for various
evolution times.
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