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TRIGGERING COLLAPSE OF THE PRESOLAR CLOUD WITH SHOCK 
WAVES. P. N. Foster & A. P. Boss, DTM, Carnegie Institution of Washington, 5241 
Broad Branch Road N.W., Washington DC 20015. 

We examine the collision of a shock wave with a molecular cloud as a possible scenario 
for the foramation of the solar system. We partition the initial parameter space into cases 
where (a) the cloud is completely disrupted, (b) the cloud undergoes collapse and forms 
a single object, and (c) the cloud remains relatively unperturbed. Preliminary results 
suggest destruction occurs for shocks with higher momentum than collapse configuratio~ls, 
and collapse occurs for higher post-shock temperatures than unperturbed scenarios. 

INTRODUCTION. The majority of previous studies of triggered collapse have concen- 
trated on strong shocks, as expected from supernovae. These simulations have typically 
found that the molecular cloud is shredded [I]. Meteoritic evidence suggests that some 
short-lived radioactive nuclides were produced inside an AGB star approximately one 
million years prior to inclusion in millimeter-sized objects in the solar system [2]. The 
passage of a wind from an AGB star which would carry these isotopes to the presolar 
cloud suggests the wind itself may be what triggered the collapse of the solar systeni. Boss 
[3] found collapse can be instigated with a reasonable wind from an AGB star. Using 3D 
hydrodynamic simulations he found that about 0.01 Ma from the wind is injected into 
the collapsing protosun, in excellent agreement with dilution predictions from meteoritic 
and AGB modeling [4]. We expand on Boss' work with a 2D code which allows us to 
look at the interaction with greater spatial resolution. We are thus able to reproduce the 
Rayleigh-Taylor and Kelvin-Helmholtz instabilities of the supernova simulations which 
are apparently responsible for shredding the clouds. These instabilities do not appear to 
be very important for the slower AGB wind cases. 

MODELS. We use a two dimensional, second-order accurate hydrodynamics code to 
model the collision. The method is based on the piecewise parabolic method m d  is .hus 
well suited to following shock waves and instabilities. Self-gravity is also included in the 
simulation, which many of the previous supernova simulations neglected. We model the 
molecular cloud as a Bonnor-Ebert sphere at 10K, with a central density of 1.7 x 1 0 ~ c m - ~  
and a radius of 0.06 pc. For the standard case, the incident shock is set at 25 km!sec, with 
an incident mass of 0.004Ma. The mass of shocked material incident on the molecc~lar 
cloud is constrained by the distance to the AGB star and the mass in the AGB shell. We 
assume the shell has 0.4Mo and is at a distance of 0.6 pc, reasonable planetary r.eh.la 
values [5]. The post-shock temperature is varied from 10K to 1000K, bracketing ,planet ssy 
nebula values. 

RESULTS. We are able to reproduce Boss' 3D results with our 2D code. These find 
collapse is likely to occur. The first step in making Boss' simulations more realistic ,is 
to make the shock front planar. To simplify the planar shock in spherical coordinates, 
Boss included only the radial components of the shock. When we change this alone, 
making the shock truly planar, we find that reaching comparable maximum densities 
talces longer. Further the entire cloud is shifted in the direction of the shock by the tirile 
a given density is reached. However, the general result of instigating collapse remains the 
same. We find that the boundary between triggering and not triggering collay,se is m c ~ t  
likely temperature driven. Higher post-shock temperatures will induce collapse where 
lower ones won't. The boundary between triggering collapse and shreddin2 the clotid is 
apparently determined by momentum, with higher momentum shocks tearing clouds to 
pieces. 
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Fig. 1. The two left panels show our reproduction of Boss' simulation, reaching a density 
peak of 70 times the initial central density after 50,000 years. The right panels show a 
comparable run for a planar shock. A maximum density of 124 times the initial central 
density is reached after 175,000 years and is shown in the bottom panel. At the previous 
time step (150,000 years) the density is only 35. 
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