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ABSTRACT

We explore the role of the modified Eddington limit due to rapid rotation (the so-called
QI'—limit) in the formation of Population III stars, using one-dimensinoal stellar evolution sim-
ulations of mass-accreting zero-metallicity protostars at a very high rate (M ~ 1073 Mg yr—1).
The protostar would reach the Keplerian rotation very soon after the onset of mass accretion,
but it could continue mass accretion as stellar angular momentum is transferred outward to
the accretion disk by viscous stress. As the accreting protostar evolves, the envelope expands
rapidly when the stellar mass reaches 5 ~ 7 M and the corresponding Eddington factor sharply
increases. Reaching the QI'—limit in this way, further mass accrection would be significantly
slowed down, limiting the mass at the zero-age main sequence to about 20 M. Although our
analysis is based on Pop III protostar models, this role of the QI'—limit in limiting the initial
mass would be universal in the formation process of massive stars with rapid mass accretion,
regardless of metallicity.
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TABLE 1
PARAMETERS FOR SELECTED MODELS

I ! ‘\\ : ' ! ' 1 Model i, Q/Q. RJR,
I ‘ 1 DO 1.8647  0.1111  1.0018

L \ 1 2. 20014 08273  1.1571
" \o 1 3 20986 09468 12757
“L 4. 21621 09827  1.3595
\ S, 21981 09942  1.4148

6. 22126 09980  1.4521

2.1843 1.0010

2.2145 0.9991 1.4653
2.2045 1.0003 .
2.1311 1.0018
1.8371 1.0035
1.1023 1.0052
0.0000 1.0066

—1.8371 1.0081

Model #1:slowly rotating star, accreting mass, and angular momentum
Model #13: rapidly rotating star, accreting mass, but no angular momentum
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Cases for slowly rotating stars (mostly Qs < Qcr)

z-r profile (disk-star surface) AR Eprofile
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FIG. 2.—(a) A small region near the boundary layer is shown for models 1-7. The surface of the star-boundary layer—disk system is shown with solid lines. Model
7 rotates with a supercritical angular velocity. The unit length, R,,, corresponds to the radius at which angular velocity reaches the maximum, at which the “no
torque boundary condition ” can be applied. (b) The variation of angular velocity with radius is shown for models 1-7 by solid lines. The Keplerian angular velocity is
shown with a broken line. The unit of length, R, corresponds to the radius at which angular velocity reaches its maximum, at which “no torque boundary
condition " can be applied.
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Cases for rapidly rotating stars (mostly Qs > Qcr)

z-r profile (disk-star surface) AR Eprofile
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FIG. 3.—(a) A small region near the boundary layer is shown for models 8-14. The surface of the star-boundary layer—disk system is shown with solid lines.
Models 9-14 rotate with supercritical angular velocity. Model 13 accretes matter but no angular momentum. Model 14 accretes matter and loses angular momentum
to the disk through viscous stresses. The dashed line corresponds to the surface of an isolated star rotating with the critical angular velocity; it has a cusp at the
equator. The unit of length is the polar radius of the star, R,,. (b) The variation of angular velocity with radius is shown for models 8-14 by solid lines. The Keplerian
angular velocity is shown with a broken line. The unit of length is the polar radius of the star, R .
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Fig. 4.— Illustration for the rotation profile of a critically rotating protostar accreting matter via the
Keplerian disk when the Eddington factor is considered (solid line) and not considered (dashed line). Note
that x-axis and y-axis values are scaled so that §2 reaches 1 at £ = 1. The black dotted line shows the
Keplerian rotation profile. R, marks the transition from the rigidly rotating star to the accretion disk, while
the exact boundary is not defined well (Paczynski 1991; Popham & Narayan 1991).
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