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Introduction

One of the most promising models for Gamma-Ray

Bursts (GRBs), especially of the \long variety", is

the so-called collapsar model (Woosley 1993). This

model assumes that a suÆciently massive stellar core

collapses into a black hole and the infalling outer lay-

ers form a disk around it. Energy dissipated in the

disk or the rotation of the black hole itself is assumed

to power a jet of high Lorenz factor (� � 100) that

escapes from the engine along the polar axis to large

distance (� 1015 cm) and powers a GRB by inter-

action with the circumstellar medium or by internal

shocks.

The traversal time for the relativistic jet through typical hydrogen en-
velopes of massive stars is hundreds to thousands of seconds. Thus, at
the time of the GRB, bare helium stars which have radii of only a few
light seconds (about a solar radius) are necessary if the lifetime of the
engine is to match approximately the burst duration and not be short
compared to the time it takes the jet to drill through the star.

Two essential ingredients for the collapsar model are

a suÆciently large core to form a black hole and

a suÆcient rotation rate at the time of collapse to

allow the formation of a disk. The question we ad-

dress here is: What can be expected for the ro-

tation rates of massive stellar cores when they

collapse?

Progenitor Models

We simulate the evolution of bare helium cores

with an initial mass of 15M�. Two di�erent initial

surface rotation rates, 10% and 30% of Keplerian

rotation, are investigated. The former may be either

the result of a massive single star (� 40M�) that

has lost its envelope early during helium burning or

a close binary that lost its envelope to a compan-

ion. The latter might result from a binary merger.

The evolution of the helium core and its rotation is

followed as described by Heger, Langer, & Woosley

(2000). Fine surface zoning is employed.

We investigate two di�erent evolutionary paths: The

�rst neglects mass loss while in the second we take

it into account.

We use the WR mass loss rate given by Wellstein & Langer (1999), but
reduce it by a factor 3 to account for e�ect of \clumping" (Hamann
& Koesterke 1998). We take an initial stellar metallicity of 1/10 so-
lar and assume a that the WR mass loss rate scales as the square
root of metallicity, reducing the mass loss rate by an additional factor

of 3. In total, we assume a mass loss rate: log
�
_M=M�yr

�1
�

=

�10:95 + 1:5 log (L=L�). This is equal to � 1:7�10�5M�yr
�1

when the star dies.

Results

We present the �rst progenitor models for collap-

sars that follow the evolution of the angular momen-

tum in the stellar interior till the onset of core col-

lapse.


