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Abstract. We have performed Smoothed Particle Hydrodynamics (SPH)
simulations in order to understand the dynamical structures of Galactic
Center molecular clouds. In our study it was found that the structures
of GC molecular clouds could be induced by the combined effects of a
gravitational perturbation by rotating bar potential and the hydrodynamic
collisions between the clouds.

1. Introduction

Rotating bar could provide significant non-axisymmetric perturbation to
the orbits of molecular clouds in the disk. Non-circular velocity components
develop as a result of such perturbations (Bally et al. 1988). The cloud-
cloud collisions will become inevitable in such circumstances. We performed
SPH simulations to understand the general behavior of the gaseous disk
under the influence of rotating bar and thereby the observed dynamics of
molecular clouds in the GC.

2. SPH Calculation

In our SPH calculation (see Lee et al. (1998) for detail), the Galaxy is

assumed to have four components: three axisymmetric components (mas-

sive halo expressed with the logarithmic potential, exponential disk and a
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compact bulge represented by a Plummer model) and one infinitely thin
non-axisymmetric bar component.

Initially, SPH particles are uniformly distributed in a very thin axisym-
metric disk. The initial velocity field of the SPH particles is generated such
that these move on circular orbits compatible with the assumed potential
distribution.

Most parameters are determined by the observed ones of the Galaxy,
but the axis ratio of the bar is very uncertain. So, we considered several
models with different values for bar’s axial ratio. In this paper, we report
the results of 4:1 axial ratio model. In all cases, we have fixed the angular
speed of the rotating bar at 2.731 km s~! kpc~! (Gehard 1996). This choice
places the Corotation Radius (CR) at 2.7kpc, the Inner Lindblad Resonance
(ILR) at 1.2 kpc, and the Outer Lindblad Radius (OLR) at 6 kpc.

3. Results & Discussions

Fig. 1-(a) shows the | — v plot of SPH particles after several revolution.
This can be compared with the CO [ —v map (Fig. 1-(b)) by Bitran (1987).
The theoretical plot successfully reproduces the gas depletion region at
l =~ £(2° ~ 4°), but not the envelope (parallelogram structure) of highly
velocity components between [ = 2° ~ 2°. Such an envelope was interpreted
as the presence of the x1 family of orbits by Binney et al. (1991). The orbit
calculations of our model also indicate that the envelope can be produces by
the x1 orbits (Lee et al. 1998). Therefore the fact that the SPH simulations
do not show the high velocity envelope means that x1 orbits can be easily
destroyed.

We have made another set of simulation that includes both SPH and
collisionless particles. In the SPH simulations, almost all SPH particles
are expected to experience hydrodynamic collisions because the resolution
length is quite large. In our supplementary simulations with mixture of SPH
and collisionless particles, the collisionless particles could be interpreted as
those which have not undergone hydrodynamic collisions and therefore rep-
resent the less dense clouds. The collisionless particles are perturbed by the
rotating bar but remains to have large velocity dispersion because there is
no clear way to dissipate the orbital energy. The collisionless particles with
large dispersion of the velocity can reproduce the high velocity envelope
as well as forbidden velocity components (including Bania Clump 1) with
Visr ~ 100 km s~! at [ ~ —1° ~ —6° seen in CO map (Fig. 1-(d)). The
fact that the HCN [ — v map resembles that of SPH particles while CO
| — v map is more like that of collisionless particles may indicate that the
dense clouds traced by HCN molecules are formed by the hydrodynamic
collisions between CO clouds.
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Figure 1. (a) The theoretical I —v map of SPH particles at t=7.88 of B4-1 model (upper
left). The viewing angle is 40° from the direction of the major axis of the bar. (b) The
Observational CO (1-0) I — v map (Bitran 1987) (upper right). (c) The Observational
HCN (1-0) I — v map (Lee 1996) (lower left). (d) The theoretical ! — v map of a run of
the model (B4-1) of the mixture of collisional (60 %) and collisionless particles (40 %) at
the viewing angle of 40° at t=7.88 (lower right).
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