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The characteristic lifetimes of molecular clouds remain
uncertain and a topic of frequent debate, with arguments having
recently been advanced both in support of short-lived clouds,
with lifetimes of a few Myr or less (see e.g. [1,2]) and in
support of much longer-lived clouds, with lifetimes of the
order of 10 Myr or more (see e.g. [3,4]). An argument that has
previously been advanced in favour of longer lived clouds is
the apparent difficulty involved in converting sufficient atomic
hydrogen to molecular hydrogen within the short timescale
required by the rapid cloud formation scenario. However,
previous estimates of the time required for this conversion to
occur have not taken into account the effects of the supersonic
turbulence which is inferred to be present in the atomic gas.

In this contribution, we present results from a set of high
resolution three-dimensional simulations of turbulence in grav-
itationally unstable atomic gas. These simulations were per-
formed using a modified version of the ZEUS-MP hydrody-
namical code [5], and include a detailed treatment of the ther-
mal balance of the gas and of the formation of molecular hy-
drogen, based in part on work by M. D. Smith and collaborators
[6,7]. The effects of photodissociation of H2 by the Galactic
UV field are also included, with a simple local approximation
used to compute the effects of H2 self-shielding.

The results of our simulations demonstrate that H2 forma-
tion occurs rapidly in turbulent atomic gas undergoing gravi-
tational collapse. Starting from purely atomic gas, large quan-
tities of molecular gas can be produced on timescales of 1–2
Myr, given turbulent velocity dispersions and magnetic field
strengths consistent with observations. As an example, we
show in Figure 1 the growth of the mass-weighted mean H2

fraction with time in a set of simulations of decaying MHD tur-
bulence, performed with numerical resolutions ranging from
643 zones to 5123 zones. These simulations were performed
in a periodic box of size 20 pc. The mean number density
of hydrogen nuclei in this box was 100 cm−3, and the initial
density distribution was uniform. The initial velocity field was
turbulent, with an RMS velocity of 10 km s−1, and the initial
magnetic field was uniform, oriented in the z direction, and
had a field strength of B = 5.85 µG. The box was illuminated
with a uniform ultraviolet field, with a strength and spectrum
taken from [8].

From Figure 1 we see that after only 2 Myr, approximately
40% of the hydrogen in the box has been converted to H2, and
that our simulations have essentially converged on this value
(although minor differences are still apparent elsewhere). This
is much more H2 than would have formed without the large
density enhancements created by the turbulence – a simple
calculation demonstrates that had the gas remained at its initial
density, its mass-weighted mean H2 fraction at 2 Myr would
be only 10% even if there were no UV background and hence
no H2 photodissociation.

Our simulations also demonstrate that this H2 is not uni-

Figure 1: The growth of the mass-weighted mean H2 fraction
in a set of simulations of decaying MHD turbulence. These
simulations were performed in a periodic box of size 20 pc,
and had an initial RMS velocity of 10 km s−1 and an initially
uniform magnetic field, with a field strength of B = 5.85 µG.
The four simulations had numerical resolutions of 643 (dotted
line), 1283 (dash-dotted line), 2563 (dashed line) and 5123

(solid line) respectively.

Figure 2: The mean H2 fraction, plotted as a function of the
number density of hydrogen nuclei, at a time t = 6 × 1013 s
(i.e. slightly less than 2 Myr) after the beginning of the 5123

simulation described above.
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Figure 3: The H2 fraction within a slice taken from our 5123

simulation at a time t = 6 × 1013 s.
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Figure 4: As Figure 3, but for the logarithm of the gas density.

formly distributed. The largest molecular fractions are found
in the densest gas (see Figure 2), and the densest regions in
our simulation volume – corresponding to likely sites of future
star formation – are almost completely molecular after only
2 Myr. If we compare the morphology of the H2 gas with the
morphology of the underlying density distribution, as we do

in Figures 3-4 for two slices through our 5123 simulation at
t = 6×1013 s, we can see even more clearly the way in which
the H2 traces the densest structures in the gas.

Furthermore, it should be stressed that our simulations
underestimate the effectiveness of H2 self-shielding and dust
absorption, and so our computed molecular fractions repre-
sent strong lower limits on the true values. The formation of
large quantities of molecular gas on the timescale required by
rapid cloud formation models therefore appears to be entirely
plausible.

Finally, we have found that our simulations produce molec-
ular fractions in low density gas that are too large to be formed
in situ. We have been able to demonstrate that much of the H2

in these regions is actually formed in higher density regions,
and is then transported to lower density regions through the
action of the turbulence. This process of turbulent mixing may
have profound effects on the chemical evolution of the clouds
[9,10,11].
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