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VELOCITY GRADIENTS OF GIANT MOLECULAR CLOUDS AT GALACTIC SCALES
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Abstract. We explore the effect of galactic evolution on the rotation of giant molecular clouds (GMCs)
in isolated magnetized galaxy simulation. In this model, without prominent structures, we have extracted
about 1000 isolated clouds. The properties (mass, size, velocity dispersion) and scaling relations of these
clouds consistent with that found for the Milky Way and nearby galaxies. By making an analysis of the
velocity field of each isolated GMC we found that clouds itself has a substantial linear velocity gradient –
ranging from 0.01 to 0.1 km s−1 pc−1 which is a function of galactocentric distance.
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Introduction

The knowledge of initial conditions and physical processes driving the conversion of interstellar gas into stars
is fundamental to the understanding of galactic evolution. Molecular clouds play a key role in this process,
in particular in those that are still actively forming stars. During the last decade, great efforts have been
made to explore the properties of GMCs in galaxy-scale simulations (e.g., Dobbs et al. 2006, 2011, 2015; Baba
et al. 2017). However, one of the missing points in understanding of the GMCs evolution is their rotation and
angular momentum. Previous observational studies, have found that the cloud exhibits a velocity gradients
across atomic and molecular clouds and clumps (e.g., Rosolowsky et al. 2003). This regular velocity pattern is
interpreted as rotation of the GMCs. Molecular cloud cores have modest velocity gradients 0.4 − 3 kms−1 pc−1
and the cloud cores do not appear to be supported by rotation (Goodman et al. 1993). Imara et al. (2011)
measured a linear velocity gradients of 0.05 kms−1 pc−1 for GMCs in M 33. Braine et al. (2018) have shown that
molecular clouds rotate in M 33. In this work, we further evaluate the effects of global galactic disc dynamics
on the giant molecular clouds physical parameters. We perform analyses on the resolved clouds to gain insight
into the origin of their kinematics.
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Results

To investigate the properties of molecular clouds and their intrinsic velocity gradients in magnetized spiral
galaxies we have conducted a galaxy evolution experiment using our three-dimensional code Khoperskov et al.
(2014). The code has been successfully passed the standard tests for magnetic gas dynamics and has been already
utilized for several galactic-scale simulations (Khoperskov & Bertin 2015; Khoperskov et al. 2016; Khoperskov
& Khrapov 2018). We take into account major processes governing the formation of giant molecular clouds:
self-gravity, magnetic field, and tabulated molecular line cooling and heating models (Khoperskov et al. 2013).
Global galactic disk evolution is driven by self-gravity, thermal instability and small-scale perturbations and
so on. The cumulative action of these processes lead to the fragmentation of the gaseous disk and formation of
small-scale isolated clumps – clouds, which may collide and merge each other. Such picture has been described
in details in numerous papers (e.g., Tasker 2011; Dobbs et al. 2011; Renaud et al. 2013; Fujimoto et al. 2014).
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We identify clouds from the simulation, as connected regions above a threshold density of 100 cm−3 . Following
Rosolowsky et al. (2003) we fit the 2D map of velocity along the line of sight for a cloud as: vlos = vsys + ax (x −
x0 ) + ay (y − y0 ), where vsys is the mean LOS velocity, x0 and y0 are the coordinates of a cloud center, ax , ay
are the velocity gradients along axes x and y, respectively. This procedure has been applied for each cloud.
Figure 1 presents the results of the fitting procedure for a typical cloud in our simulation and also statistics for
the best-fit gradients.

Fig. 1. Left: The examples of the fitting procedure for four clouds extracted in simulation. Upper left panel demonstrates
the velocity map inside a cloud. Top right panel presents the best fit solid body rotation model. Bottom left panel is
the velocity residuals between two velocity maps depicted in upper panels. The rotation axis obtained for the solid-body
model is shown by solid line in the panels. In lower right panel the dependence of the gas velocities in each pixel of
the velocity map (upper left panel) on the distance from the rotation axis (solid line) is shown by crosses. The dashed
red line corresponds to the solid-body rotation fit. Right: Histogram of cloud velocity gradients for the entire sample
corrected for galaxy rotation.

Observed median gradients value is roughly 0.03 kms−1 pc−1 which yields a rotation period of 250 Myr which
is much longer than free-fall time and life-time of typical molecular clouds. Such characteristics are in a good
agreement with recent observational study Braine et al. (2018).
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