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Figure 1. Density slices through the centre of the central object in each halo. The ‘up’ vector is chosen to be the angular momentum vector and so we are
looking down on to the central object. Each image is scaled in density and length in the same way. The colour scale for the density runs from 10−19 to
10−15 g cm−3. It is clearly visible that in each case a disc is formed, with well-defined spiral arms. The size of the plotted region in each panel is 1 pc.

maximum refinement level, following the growth of haloes to much
higher masses is currently extremely challenging. We will return to
this issue in Section 4 where we conduct further simulations with
different maximum resolutions.

3.4 Profiling the central object

As cooling is facilitated only via atomic hydrogen cooling in the
simulations performed here, the gas cannot cool below approxi-
mately 7000 K. In Fig. 2 (left-hand panel) we show the temperature
of the gas over several decades in radius. We plot the temperature
out to approximately the virial radius which is well outside the
realm of the collapse. The temperature of the gas is found by av-
eraging the temperature of cells in spherical shells outwards from

the densest point in the halo. As expected, the temperature remains
approximately constant as the density grows towards the centre of
the halo. Initially the gas is shock-heated to T ∼ 104 K, close to the
virial radius, from where it cools via atomic hydrogen transitions to
T ∼ 7000 K.

Fig. 2 (right-hand panel) shows the gas density profile of the halo
over the same range. The density profile is initially quite flat at, or
outside, the virial radius, but quickly steepens to attain a slope of
n ∝ r−2 as expected for an isothermal collapse. The profile is not
completely smooth due to the presence of small dense clumps within
the halo (as shown in Fig. 1). All simulations show similar profiles
with the maximum number density obtained in each simulation
found to be ≈1 × 1011 cm−3. The result here are in very good
agreement with those of our own previous simulations as well as

Figure 2. Left-hand panel: the temperature profile for the gas within the halo. As expected for a collapse mediated by atomic hydrogen cooling the temperature
remains constant at approximately T ∼ 6000–8000 K during the collapse. Right-hand panel: the density profile for each halo. Number densities reach values
of up to n ∼ 1 × 1011 cm−3 with a mean slope of ρ ∝ r−2.02 (i.e. an isothermal profile).
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