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TIONS. Harri Vanhala1)2, A.G. W. Cameron1, and Peter Hoflichl, lHarvard-Smithsonian 
Center for Astrophysics, 2University of Oulu, Finland. 

Numerical simulations must be used to test the viability of the revived supernova 
trigger hypothesis as discussed by Cameron [I]. Conventional hydrodynamic simulations 
performed by Boss and Foster [2],[3] have shown the mechanism to be capable of causing 
a molecular cloud core to collapse when the shock velocities are in the range of 10 to 
25 km/s, at least in the case where there is a constant adiabatic exponent y=4/3 which 
is collapse neutral but unrealistic. In the current work the shock mechanism is further 
examined by using the Smoothed Particle Hydrodynamics (SPH) method to study the 
impact of an interstellar shock wave upon a molecular cloud core. The questions specifi- 
cally addressed are: under what conditions the shock will cause the core to collapse, and 
can the radioactivities carried by the flow be injected into the core. 

The three-dimensional SPH code follows the standard formulation [4], [5], down to 
the choice of the basic, spline-based kernel. Gravity is calculated through hierarchical 
trees, which are also used to locate the closest neighbors. The equation of state includes 
the effects of the varying adiabatic index y as a function of temperature and density. 
Another important factor to consider is the presence of magnetic fields. Since in a spher- 
ically symmetric configuration where the magnetic flux is frozen into the gas the magnetic 
energy uB m l l r ,  the magnetic effects can be mimicked by adopting this approach also to 
individual smoothed particles through artificial magnetic energy terms. 

The simulation space consists of a spherically symmetric core embedded in back- 
ground material with a cylindrical stream of shock particles approaching the core at a 
desired velocity. In most runs, 2000-3000 particles are assigned to the core, while the 
number of background particles can be twice as large. This is necessary to guarantee 
realistic behavior of the shock flow around the core. During the course of the simulation 
run, more particles are added to the back side of the shock to guarantee a steady flow. 
Initially, this results in an increasing number of particles, but when the shock flow has 
passed the core and proceeded beyond the area of interest, particles can be removed from 
there and recycled as new particles in the post-shock flow. In most cases this results in 
the total number of 25,000-30,000 particles being involved in the simulation. 

The core is assumed to have evolved into its current configuration under the con- 
trol of ambipolar diffusion. Cores in various stages of quasistatic contraction have been 
studied, with the central density peak reaching values from lo4  ~ m - ~  to lo6  ~ m - ~  against 
the background density of l o3  ~ m - ~ .  The core radii are -0.1 pc, with the exact value 
depending on the evolutionary stage of the core. The temperature in the core and the 
surrounding medium is 10 K. The initial properties of the shock particles are calculated 
by assuming a locally plane-parallel and steady shock front. The shock velocity varies in 
different cases from 10 to 25 km/s. 

In all cases studied so far, the behavior of the system follows initially the same 
pattern. The shock wave impacts the core and starts to flatten it in a planar manner. 
The flow is then diverted to the sides of the core, and a bow shock is created. As the 
initial shock front passes the core, material may flow into the back side of the core, in 
some cases resulting in mixing into the core. As the shock flow continues to bombard the 
core, matter begins to be stripped away from the edges and to be swept downstream to 
form a long tube. 
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The further behavior of the system depends on the initial conditions. Two extreme 
cases with post-shock temperatures that are artificially low or high for the shock velocities 
studied illustrate the different routes the evolution may take. In a very cool flow the shock 
material mixes with that of the core easily but because of the low post-shock pressure it is 
unable to cause considerable compression and the core is eventually shredded apart. On 
the other hand, an impact with very high post-shock temperature pushes the core beyond 
the brink of collapse, but because of the large cooling times, no mixing of material occurs. 
In more realistic cases the core is initially compressed by a factor of 10-100, depending on 
the core configuration and the shock velocity. If the post-shock pressure is large enough 
to continue the compression to higher densities, conditions favorable for collapse may be 
reached. If the pressure is inadequate for the task, the erosion of the outer parts of the 
core proceeds rapidly and eventually tears the whole core apart. An example of a case 
where the core is driven to collapse is given in Figure 1. For a more detailed description 
of the requirements for collapse, see the discussion on the stability of the cloud core based 
on the virial theorem by Cameron [I]. 

Whether there is mixing of the material between the shock flow and the molecular 
cloud core depends on whether the cooling times of the shocked gas are short enough to 
let the gas cool from the high post-shock temperatures of -lo3 K to moderate values. 
At least in the lower-velocity cases, this appears to be possible, though in most cases the 
injection of flow material into the core seems to be inefficient. 
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Figure 1. Particle positions and velocities in the 
xz plane for a simulation run with 1000 parti- 
cles in the core and 10,000 particles in the shock 
flow. The original core material is denoted by 0 

small dots, the shock flow particles by circles with 
corresponding velocity vectors. The initial peak 
density in the core was 3.104 cm-3 and the radius 
0.2 pc. The initial shock velocity was 25 km/s 
and the post-shock temperature lo4  K. The core -3 

is pushed to collapse; by this time (77,000 years), 
the density has increased by 16 orders of magni- 
tude. Shock material is slowing down in the back 
side of the core and appears to  be moving back 
towards the collapsing core, indicating the possi- -1 

bility of mixing. 
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