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Overview

An oft-overlooked effect in the early universe could result in a reduction in
the number and gas content of the first galaxies. This preferentially affects
smaller galaxies. In turn, this could delay the formation of the first stars.
We extend previous works, which looked at small patches of the universe,
to study it in the larger scale cosmological setting. Our preliminary tests
agree with published results and work on the full simulations is ongoing.

Background

We use computer simulations to model how small fluctuations imprinted on
the matter distribution of the early universe grow into the complex structures
we see today. We think that dark matter makes up about 85% of the matter
in the universe, and collapses into clumps called haloes. Gas then condenses
into these haloes, eventually contracting enough to form stars.

Figure 1: Tiny fluctuations in the matter density (left) condense into clumps called haloes, which
are aligned along a complex web of filaments (right).

About 370,000 years after the Big Bang, the gas in the universe decoupled
from the photons with which it had previously been bound in a plasma. This
led to the emission of the cosmic microwave background and a difference
between how the gas and dark matter in the universe move relative to one
another.
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Figure 2: The strength of this relative velocity varied from place-to-place, but, at its inception,
was on average about five times larger than the sound speed of the gas.

Tseliakhovich and Hirata (2010) first showed that this effect could suppress
the growth of low-mass haloes throughout the cosmological Dark Ages, by
preventing gas collapsing into dark matter haloes. Later works extended this
to show that this could delay the formation of the first stars (e.g. Maio et al.
2011).
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Methods

We built upon work already done on including this effect, by incorporating this
effect in its larger scale cosmological setting. To do this we use a technique
known as ‘zoom’ simulations. These allow us to simulate a region with high
resolution to observe the effect of these velocities, while at the same time
retaining the large scale structure of the universe.

Figure 3: The left panel shows how the resolution increases in our selected patch, where each
shade darker is one extra level of resolution. The right panel shows the density field for this
region, where bigger pixels indicate lower resolution.

We compute a factor which tells us how much the gas densities should have
been suppressed by the start time of the simulation. We can then apply this
factor to the initial conditions and thus compensate for the effect.

Figure 4: Compensating for the effect washes out very small-scale fluctuations in the gas density
(right) compared to not accounting for it (left).

Results

We are able to reproduce previously reported results, for simulations that
consider only a small patch of the universe. Below we show the reduction in
the number of haloes formed with a mass greater than M when we include
the effect compared to when we don’t, finding a suppression of ∼ 20 − 50%.
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This gives us confidence that our method works, and work on the full zoom
simulations is ongoing. We hope to be able to show what effect these relative
velocities have in the natural cosmological setting.
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