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First light emerging from the clouds

Abstract

We present first 3D cloud collapse simulations employing a hybrid
characteristics radiation transfer scheme [1]. The solver is embedded in the
magneto-hydrodynamics adaptive mesh refinment code FLASH [3]. We also
demonstrate a star formation evolution model [6], which supports the
generation of a sink particle [2] at later collapse stages with a suitable sub-grid
model.

Cloud collapse

In this simulation we follow the collapse of a low mass cloud until the first
hydrostatic core forms. We use a tree based self-gravity solver and the 3D
radiation transfer scheme. Since the 3D setup is spherical symmetric, the figure
shows the 1D profiles of charateristic quantities.

I simulation box 94503 AU3

I homogeneous density, Mtotal = 1.96 Msol
I outflow boundary conditions
I 10 K background radiation
I angular velocity Ω = 0 rad/s
I free fall time τ� = 56.67 kyr

100 101 102 103

Radius (AU)

10 17

10 16

10 15

10 14

10 13

De
ns

ity
(

g cm
3
)

100 101 102 103

Radius (AU)

2 × 101

3 × 101

4 × 101

6 × 101

Te
m

pe
ra

tu
re

(K
)

100 101 102 103

Radius (AU)

1.0

0.8

0.6

0.4

0.2

0.0

Ra
di

al
Ve

lo
cit

y
(k

m
/s

)

100 101 102 103

Radius (AU)

10 8

10 7

10 6

10 5

10 4

10 3

Pr
es

su
re

(dy
n

cm
2
)

Cloud collapse with rotation

If an angular velocity of Ω = 1.886 · 10−13 rad/s is added to the initial gas
distribution, early disk formation can be observed.

Shadow test

The shadow test shows the illumination of a dense clump by two elongated
light sources along the lower x- and y-boundaries. Only rays in the (−1,−1,0)
direction are calculated.
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Protostellar evolution model

At some point in a adaptive mesh refinement collapse simulation, the
resolution has to be limited. To follow the star formation further typically
[4, 7, 6] a sink particle is created. If we couple the accretion rate onto the sink
particle with a protostellar evolution model [6, 5], we are able to assign a radius
and luminosity to the sink particle, which now models a young stellar object.
Here we show the stellar radius evolution for a constant accretion rate in our
protosteller evolution model implementation.

Hybrid characteristics

The basic functionality of the hybrid characteristics method [8, 1] in an AMR
environment. The local contributions (a) are calculated along long
characteristics for the cell centers. Face values (b) are calculated for
communication with other blocks. At refinement boundaries (c) linear
interpolation is used.

Conclusion
I A cloud collapse evolution can be followed successfully until the first

hydrostatic core is formed
I A protostellar evolution model has been implemented and tested

As the next step we will follow the collapse further until the second hydrostatic
core is formed and a protostar is ignited.
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