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Abstract. We investigate the formation of metal-free, Population III(Pop III), stars within a
minihalo atz≃ 20, starting from cosmological initial conditions. We follow the collapsing gas in
the center of the minihalo up to number densities of 1012 cm−3. We then study the protostellar
accretion onto the initial hydrostatic core, which we represent as a growing sink particle. We
continue our simulation for 5000yr after the first sink particle has formed. During this time, a
disk-like configuration is assembled around the first protostar. At the end of the simulation, a small
multiple system has formed within this disk, dominated by a binary with masses∼ 40 M⊙ and
∼ 10 M⊙. If Pop III stars were to form typically in binaries or small multiples, the standard model
of primordial star formation, where single, isolated starsare predicted to form in minihalos, would
have to be modified.

We carry out our investigation using Gadget, a widely-tested three dimensional
smoothed particle hydrodynamics (SPH) code [1, 2]. Simulations are carried out in a
periodic box with size of 100 h−1 kpc (comoving) and initialized atz= 99 with both
dark matter particles and SPH gas particles, in accordance with aΛCDM cosmology.
The evolution was followed up to gas densities of 1012 cm−3. We then represent these
high-density peaks with sink particles. Sink particles are held constant at that density as
they accrete surrounding gas particles.

300 yr after the first sink has formed, the gas further fragments, and a second sink is
created. Concurrently, the central region evolves into a Keplerian disk. Disk instability
later sets in, and spiral structure develops. Several new fragments then form through the
Toomre instability and are represented by new sink particles. The disk spins up as the
inner few hundred solar masses falls inward to smaller radii. The spirals and fragments
serve to transport angular momentum outward through gravitational torques, allowing
the inner gas to accrete onto the sinks. After 5000 yr, the disk has grown to a radial size
of slightly less than 2000 AU (Fig. 1). The disk mass, which excludes the sinks, stays
fairly constant at∼ 35 M⊙ as gas falling from the outer regions onto the disk replaces
the material accreted onto the sinks at similar rates.

The main sink approximately grows as M∝ t0.55 (Fig. 2a). By 5000 yr after its
formation, it has grown to∼ 43 M⊙. The initial accretion rates are similar to those
expected from analytic solutions [3, 4, 5] as well as the accretion rate found in [6].
The rate then declines approximately asṀ ∝ t−0.45. Extrapolating to later times, the
protostar represented by the main sink can easily accrete several hundred solar masses
over its main sequence lifespan of 3×106 yr. Future work will explore how protostellar
feedback will affect these results. For more details, see [7].
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FIGURE 1. Density projection of the central high-density region (length 5000 AU), shown at 1000 yr
(left), 2000 yr (center), and 5000 yr (right) after the initial sink formation. Asterisk: location of the initial
and most massive sink. Cross: location of second most massive sink. Diamonds: locations of the other
sinks.

FIGURE 2. (a) Thin solid line: mass of the first sink particle over time in our calculation. Thick solid
line: least-squares power-law fit to the sink mass over time.Dash-dot line: mass evolution obtained by
[6]. Dotted line: mass growth of the second largest sink. (b) Thin solid line: accretion rate of the main
sink particle throughout our calculation. Thick solid line: power-law fit to the mass accretion rate. Dash-
double dot line: instantaneous accretion rate found by [6].Dotted line: accretion rate of the second largest
sink. Double dash-single dot line: average accretion rate found by [6] over the lifetime of a Pop III star,
determined by extrapolating their rate to 3×106 yr. Short-dash line and long-dash line: Shu accretion rates
for isothermal gas at 700 K and 200 K, respectively.
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