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INJECTION OF RADIOACTIVE NUCLIDES FROM THE STELLAR OUT- 
FLOW THAT TRIGGERED THE COLLAPSE OF THE PRESOLAR NEB- 
ULA . P. N.  Foster & A. P. Boss, DTM, Carnegie Institution of Washington, 5241 Broad 
Branch Road N.W., Washington DC 20015. 

ABSTRACT. We examine the injection of short-lived radioactive nuclides into the col- 
lapsing presolar ,nebula. The source of the nuclides is assumed to be the same star 
that instigated the collapse of the molecular cloud core. Using hydrodynamic models [I] 
of triggered collapse, we employ two numerical techniques (tracer particles and a color 
concentration equation silnilar to the continuity equation) to follow the trajectories of 
particles carried along by the stellar outflow. The techniques yield the same overall results 
- roughly 20% of the particles incident on the molecular cloud core are captured by the 
collapsing protostar in the standard model. This percentage va,ries with the momentum 
of the incident material. The injected particles enter the collapsed cloud core in a fairly 
steady stream, over a time period of approximately 500,000 years. 

INTRODUCTION. Some refractory inclusions (CAIs) in meteorites contain decay prod- 
ucts of radioactive nuclides with half-lives of less than 1 million years. These include 
both 26Al and 41Ca [2], whose preferred site of nucleosynthesis is AGB stars or possibly 
supernovae. The short half-lives of these isotopes suggest that the process which deposit- 
ed the isotopes might also have instigated collapse of the presolar cloud. Theoretical 
models [1,3] suggest, on 'momentum considerations alone, that nea.rby AGB stars and 
intermediate distance supernovae can be excellent triggering mechanisms for the collapse 
of otherwise quiescent molecular clouds. Here, we examine the interaction of the collaps- 
ing cloud with particles from the triggering front, i.e., the short-lived isotopes. While 
this work is partially motivated by the fossil evidence for live aluminum in some mete- 
orites, other meteorite components which are thought to be near-contempora,ries of the 
CAIs - the chondrules - show little or no evidence of these live isotopes. The temporal 
equivalence of the two primitive objects has therefore been questioned. However, it is 
also plausible that some sort of heterogeneity contributed to the variations in the two 
families of objects, and indeed other evidence for heterogeneity in isotopic abundances 
is present [4]. We therefore examine the temporal and spatial introduction of particles 
from the triggering front into the collapsing presolar cloud as a possible source of isotopic 
heterogeneity. 

MODELS. We examine the percentage of material in the stellar ejecta front of triggered 
collapse models [I] which is incorporated into the collapsing nebula. The models a're 
initiated with a 1 Ma cloud, isothermal at T = 10 I<, and at rest at the origin of a 
cylindrical coordinate system. The cloud has a radius of 0.06 pc, and a density profile 
of a Bonnor-Ebert sphere with a central maximum density of 2 x 105cmd3. The cloud 
is embedded in a 10 I< intercloud medium with a density of ~ O ~ c m - ~ .  The lnodel of 
the stellar ejecta front is based on observations of the outer edges of a planetary nebula, 
the end state of an AGB star. The ejecta front arrives at the cloud with a density of 
~ O ~ c r n - ~ ,  a width of 0.003 pc, and a velocity of 20 km/s. The post-front region ha.s a 
density of 103cm-3. 

TRACKING THE ISOTOPES. We follo~v the material originally in the stellar ejecta front 
with two techniques. First, we introduce a new variable, called the color [5], governed by 
a continuity-like equation. The color is given a value equal to the density in the ejecta 
front, and a value of zero everywhere else in the grid. The color field does not affect the 
evolution of the gas fluid in any way. This technique gives a highly accurate accounting 
of the front material, as accurate as the underlying hydrodynamics, which is superb at 
following shock fronts due to its treatment of each grid face as a miniature Riemann shock 
tube problem. However, the color techniclue is awkward for following the trajectories of 
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individual particles from the shock front. As these trajectories are releva.nt for deter- 
mining the isotopic distribution in the nebula, we also follow the stellar ejecta ma.teria1 
with tracer particles. We start the tracer positions at the ejecta front, and after every 
timestep the position of the particles is updated according to the interpolated value of 
the velocity at  the tracer's position. This technique is not as accurate as the color fields, 
but it allows us to follow the paths of individual particles. Both techniques predict the 
same percentage of incident ejecta front material being injected into the collapsing cloud, 
to within a few percent. In the standard case, this is roughly 20%, although these results 
are still preliminary. 

DISCUSSION. Our standard model [I] begins with a 1 Ma cloud and 0.02 Ma in the 
stellar ejecta front. Assuming a 100% capture efficiency, this leads to a dilution factor 
of radioactive stellar material into the presolar nebula of 50:l. A 3D hydrodynamics 
model [3] found = 40% of all the incident particles were incorporated into the col1a.p~- 
ing protostar, increasing the dilution factor to 125:1, in very close agreement with an 
estimate [7] based on the observed abundances of short-lived radionuclides and a model 
of nucleosynthesis in an AGB star. Our current work suggests a capture efficiency of 
approximately 20%, and although these results are still tentative, they imply a dilution 
factor of about 250:l. In a model based on obtaining the short-lived isotopes from a 
supernova 161, the capture efficiency needs to be of the order of a few tens of percent, 
which agrees well with our present results. However, this model [6] assumes a supernova 
that is closer (2 to 10 pc) to the presolar cloud than we have considered (14 to 19 pc . 
The nearby supernova has an effective y = 513 that destroys molecular cloud cores [ I  . 

efficiency. 

1 
A more distant supernova can safely trigger collapse, but would require a higher ca.pture 

CONCLUSIONS. Our preliminary results indicate that approximately 20% of the par- 
ticles incident on the collapsing cloud are captured by the cloud in the standard case. 
Given the parameters of the standard case, this leads to a dilution of 250:l of isotopically- 
enriched stellar material by a 1 Ada molecular cloud core. 
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FIGURE CAPTION. The trajectories of particles starting in the ejecta front and ending 
in the collapsed core are displayed. The cloud center starts at  r=z=O, and ends at  r=O, 
z=-0.11 pc. All the displayed tracer particles start in the shock front at z = 0.06 pc, and 
end at  r=O, z = -0.11 pc. In the case shown, 20% by area of the particles starting with 
r < 0.058 (the radius of the cloud) are captured. The lowest trajectories on the grid have 
not quite reached the core when the simulation stopped, but are considered ca,ptured. 
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