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1 Introduction

Star formation is one of the key processes governing the evolution of galaxies. Many ob-
servations of nearby disc galaxies indicate an empirical relation, the Kennicutt-Schmidt
relation, between the gas surface density and the star formation rate surface density
(Kennicutt 1989). This relation holds both globally in a large range of galaxies and
locally on kpc scales of individual galaxies, although it has recently been argued that
systematic variations could exist (Daddi et al. 2010). These correlations have inspired
many theoretical ideas of star formation regulation, for example, gravitational insta-
bilities, galactic shocks driven by spiral density waves, cloud-cloud collisions, and the
turbulent properties of the molecular clouds (Elmegreen 2002, Binney & Tremaine 2008,
Tan 2000, Krumholz & McKee 2005). However it remains poorly understood because of
the difficultly in investigating star formation over the large range of spaced scale between
the star forming core (∼ 1pc) and the galaxy (∼ 10 kpc).

With the advance of higher resolution observations, it has been seen that barred
galaxies show different star formation activity in each region, spiral arm, bar, inter-arm,
and nucleus, even if the gas surface density is comparable in those regions (Momose et al.
2010). We investigate the physical processes might cause this change in star formation
activity in each region of a barred galaxy. We focus on three processes as follows.

The first process to consider is that clouds out of which the stars are born have different
properties in each region. Krumholz & McKee (2005) propose a star formation model
that depends on a turbulent internal motion in clouds. Hirota et al. 2011 observed the
variation of cloud properties in nearby galaxies and found that clouds that are associated
with star forming regions are more massive, have smaller line widths, and are closer to
virial equilibrium.

The second possibility is that the number of clouds is different in each regions. Galac-
tic shocks driven by spiral density waves converge the clouds along the spiral arm. Early
millimetre molecular-line observations in external spiral galaxies often found large asso-
ciations of clouds along the spiral arm (e.g., Vogel et al. 1988, Rand et al. 1999)

The third option in that the frequency of cloud-cloud collisions are different in the
regions. The shocked layer compressed by a cloud-cloud collision is a good place to
form stars. Resent observational works propose the cloud-cloud collision as the major
mechanism for high mass star formation (Fukui et al. in prep) Also in theoretical works,
analytical calculations and simulations suggest that frequent cloud collisions could drive
the Galaxy ’s star formation rate (Tan 2000, Tasker & Tan 2009, Tasker 2011).



I will present results from a three-dimensional hydrodynamical simulation of a barred
galaxy that tracks the formation and evolution of clouds in a self consistent multi-phase
atomic interstellar medium.

2 Simulation

The simulations were run using Enzo; a three-dimensional adaptive mesh refinement
(AMR) hydrodynamics code (O’Shea 2004, Bryan 1999, Bryan & Norman 1997). We
included a full treatment of self-gravity of the gas and a radiative cooling from 104 K
down to 300 K. We used a three-dimensional box of size 50 kpc with a root grid of 1283

and 7 levels of refinement, giving a limiting resolution (smallest cell size) of 3 pc.
We used a gravitational potential for a barred galaxy similar to that of M83 imple-

mented by star particles that rotate with the observed pattern speed of M83. M83 is
a nearby barred galaxy, type SABc, and one of the best targets to study the spacial
variation of star formation activity in a barred galaxy, since it is nearby (4.5Mpc) and
has been well observed in various wave lengths.

3 Results

The clouds in the galactic disc are located using a threshold density of nH,c = 100cm−3,
similar to the mean volume densities of typical galactic giant molecular clouds. The
clouds depending on their location in the galactic disc are categorized into 4 types, disc,
spiral, bar and inter-arm. To follow the evolution of the clouds, simulation outputs were
analyzed every 1 Myr and the clouds were mapped between outputs with a tag number
assigned to each cloud. This allowed the evolution of each cloud to be followed.

3.1 Clouds properties

1. Mass : Almost all clouds are 5 × 104M� ∼ 5 × 105M� and the shape of the mass
histogram is same in all regions. There is no significant difference between regions.
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図 1: Cloud mass histogram in each region at 240Myr after the start of the simulation.
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図 2: Time evolution of the number density of clouds in each region.
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図 3: Time evolution of the number density of cloud-cloud mergers in each region.



2. Radius : Almost all clouds are 10pc ∼ 20pc and the shape of the radius histogram
is same in all regions. There is no significant difference between regions.

3. 1D velocity dispersion : Almost all clouds have a velocity dispersion of a few
km/s. However the fraction of the cloud that have a velocity dispersion of more
than 8 km/s is slightly higher in the bar and the spiral region than in the disc and
the inter-arm region.

4. Virial parameter : Almost all clouds have a virial parameter 1 ∼ 2. The virial
parameter is a measure of gravitational borderline with αvir ≥ 1 indicating a bound
object (αvir ≡ 5σc

2Rc/GMc), so many clouds are close to gravitationally bound.
However the fraction of the cloud that have a virial parameter of more than 3 is
slightly higher in the bar and the spiral region than in the disc and the inter-arm
region.

3.2 The number of clouds

The number density of clouds are ∼ 100 [1/kpc3] in disc, ∼ 150 [1/kpc3] in spiral,
∼ 300 [1/kpc3] in inter-arm, and ∼ 500 [1/kpc3] in bar. There are a large difference of
the cloud number in each region. Note that in inter-arm region, peculiar clouds who
form a big association like a giant molecular association have an impact on the number
of clouds.

3.3 The number of cloud-cloud mergers

We tracked the formation and the evolution of all clouds and counted the average
number of cloud-cloud mergers in 1 Myr. The number density of cloud-cloud mergers
per 1Myr is ∼ 7 [1/Myr/kpc3] in disc, ∼ 12 [1/Myr/kpc3] in spiral, ∼ 30 [1/Myr/kpc3]
in inter-arm, and ∼ 40 [1/Myr/kpc3] in bar. The frequency of the cloud-cloud merger
is very different in each region.

4 Conclusions

• Cloud size and mass are independent of cloud environment.

• Clouds in the bar and the spiral arm tend slightly to have high velocity dispersion
and be less bound than those in the disc and the inter-arm. (bar > spiral > disc,
inter-arm)

• The cloud number density is highest in the bar regions. (bar > inter-arm > spiral
> disc)

• The number density of cloud-cloud mergers is highest in the bar regions. (bar >

inter-arm > spiral > disc)



• The difference of the number of clouds and cloud-cloud collisions would explain
the star formation activity in a barred galaxy.


