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The N 1 Myr time interval between stellar nucleosynthesis of short-lived radioac- 
tivities and the incorporation of this material into grain aggregates in the solar nebula 
implies that the same star that generated these nuclides and isotopes also triggered the 
collapse of the presolar cloud. The interaction of a shock wave from an AGB star with 
a quiescent, solar-mass molecular cloud core has been modeled with a 3D gravitational 
hydrodynamics code. Such shock waves can trigger sustained gravitational collapse, and 
inject about half of the impacting stellar wind gas and presolar grains into the collaps- 
ing protostar. About 0.01 Ma of AGB star matter would be injected into the protosolar 
cloud, consistent with estimates of the dilution of AGB star matter necessary to match 
solar system abundances of short-lived radioactivities. 
INTRODUCTION. The presence of short-lived radioactivities such as 26A1 in meteoritical 
inclusions [I] requires a time interval on the order of 1 Myr between nucleosynthesis and 
formation of these inclusions [2]. This seems to exclude forming the solar system through 
the gradual contraction (over - 10 Myr) of a magnetically-supported molecular cloud core 
[3] in favor of a more impulsive means of initiating collapse of the presolar cloud, such as 
a supernova shock wave [4]. The meteoritical discovery of presolar grains (Sic, graphite, 
diamond) carrying distinctive isotopic anomalies consistent with nucleosynthesis in a 
carbon-rich star such as a low-mass asymptotic giant branch (AGB) star [5,6], coupled 
with the possibility of synthesizing the short-lived radioactivities in an AGB star [7], 
implies that a late-phase AGB star wind (planetary nebula) may have triggered the 
formation of the solar system. Previous calculations have shown that a supernova shock 
wave (1000 km/sec) can destroy a low-mass (15Mo) cloud [8]. Here we investigate the 
interaction of much gentler AGB star shock waves with solar-mass clouds. 
NUMERICAL METHODS. The calculations were performed in 3D with a spatially and 
temporally second-order accurate gravitational hydrodynamics code [9]. Trajectories of 
tracers representing gas parcels or presolar grains are also calculated. A central sink 
cell absorbs the infalling matter and models its gravity as a point source. Isothermal 
thermodynamics is assumed, as is appropriate for relatively slow (25 km/sec) shock waves. 
3D calculations require coarse grids that limit the ability of the calculation to follow the 
small-scale instabilities (Kelvin-Helmholtz, Rayleigh-Taylor) that are likely to develop. 
Accordingly, a new set of calculations is underway with a 2D 'piecewise parabolic method' 
(PPM) hydrodynamics code [lo]. This code approximates the fluid variables within a cell 
with parabolae, as opposed to the linear expansions used in the second-order code. Cell 
average values are used as inputs for a series of shock problems with contact discontirluities 
located at each cell's edge. The code then solves the Riemann shock problem analytically 
for each cell. PPM can resolve shock fronts with just a few (- 3) cells, about half that 
needed by other methods, and combined with the increased spatial resolution resulting 
from a restriction to 2D, the PPM calculations will allow us to follow the shock-cloud 
interaction more accurately. 
RESULTS. The initial clouds are centrally condensed (20:1), spherical or prolate, gravi- 
tationally stable (Eth,, , /~Egrav~ = 0.57,0.77), and in uniform rotation (Erot/lEsravl = 
0.01,0.04). When struck solely by the dynamic (ram) pressure of a stellar shock wave (10 
to 25 km/sec), the clouds are marginally unstable to gravitational collapse [Ill .  When 
the compressive effects of high temperature (10,000 I<) gas behind the shock front are in- 
cluded (Fig. I) ,  sustained gravitational collapse results, and the central density increases 
by more than a factor of lo5. The trajectories of tracers placed around the periphery of 
the cloud (inside the shock front) show that roughly half the matter in the portion of the 
shock front that impacts the cloud is injected into the central protostellar disk (a sphere 
of radius 200 AU). 
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CONCLUSIONS. The models show that a stellar shock wave with characteristics similar 
to those of an AGB star wind in the planetary nebula phase is quite capable of inducing 
a solar-mass molecular cloud core into sustained self-gravitational collapse, without de- 
stroying the cloud. The trajectories of test particles indicate that about half of the matter 
in the stellar shock wave that interacts with the molecular cloud is injected into the pro- 
tostellar cloud. About O.OIMo of AGB star matter would be injected into the solar-mass 
cloud by this mechanism, consistent with estimates of the dilution needed to explain the 
abundances of short-lived radioactivities generated by AGB star nucleosynthesis [7]. 

Fig. 1. Equatorial density contours at three times: a: t = 0, b: 0.144 t f f ,  c: 0.195 t , 
and d: particle trajectories from t = 0 through 0.488 tf f .  The initially prolate molecu if ar 
cloud (20,000 AU in diameter) is forced into gravitational collapse by a stellar shock 
wave entering from the right at 10 km/sec, immersed in 10,000 K gas. Roughly half the 
particles in the stellar shock wave are injected into the collapsing protostellar cloud. 
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