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ISOTOPE SOURCE TABLE FOR A 25 Mo TYPE 11 SUPERNOVA 
Bradley S. Meyer, Department of Physics and Astronomy, Clemson University, Clemson, SC 296341911. 

There is a great need for a catalog of the origins of the isotopes comprising planetary materials. This 
catalog should provide sufficient detail of the chemical environment in which an isotope finds itself in stellar 
ejecta that we may evaluate theories regarding the condensation of solid particulates in stellar outflow. Such 
information will be invaluable to the study of presolar grains [I] and of dust alteration in the interstellar 
medium [2]. The present paper is a step in the construction of such a catalog. I invite any criticisms of the 
partial table that follows; they will help the ultimate project. 

For the present work, I cataloged the origins of isotopes in the core-collapse (type 11) supernova of a star 
about 25 times the mass of the sun (25 Mo). The particular supernova model I used was that of Weaver and 
Woosley [3]. These workers evolved a 25.14 Mo star from initial core hydrogen burning to the development 
of a nickel-iron core. The initial composition was solar (from the compilation of [4]). A l2C(a, y)160 rate 
of 1.7 times the Caughlin and Fowler. [5] rate was used, as was nominal semiconvection. A core collapse 
supernova was then simulated and shock- and neutrineinduced modifications to the nuclear abundances 
were computed. In the explosion 23.48 Ma escaped; 1.664 Mowere left as a remnant (neutron star or black 
hole). This 25 Mo type I1 supernova is fairly representative of the mass spectrum of type I1 supernovae. 

For the purposes of delineating the sites of synthesis of various isotopes, I divided the presupernova star 
into six regions. These six regions are the outer 0.275 Mo of nickel core that eventually escape; successive 
spherical shells dominated by silicon and sulphur, oxygen and neon, oxygen and carbon, helium and carbon; 
and a large hydrogen envelope. The different compositions of the zones reflect their different burning histories 
during the star's evolution. The mass of each zone (in solar masses) is given in the following table by AM,  
while the outer boundary of each zone in mass is given by M(r).  It is apparent that the star has narrow 
Si/S and O/C shells, somewhat more massive O/Ne and He/C shells, and a large hydrogen envelope that 
comprises more than one-half the mass of the star. The column labelled Total in the table gives the total 
mass of the star (25.14 Mo) and the amount of mass actually ejected (25.14 - 1.664 = 23.48 Mo). 

For the present paper, I restricted my attention to the stable or longer-lived isotopes of C, N, 0, Mg, 
and Al. The data are shown in the following table. Information for the isotopes of other elements are 
available upon request. For each isotope *Z, AM(AZ) gives the mass (in solar masses) of that isotope in 
the given zone in the supernova ejecta. O(AZ) gives the overproduction of isotope A Z ,  i.e. its mass fraction 
relative to its mass fraction in a solar mix, for each zone in the ejecta. Thus, for example, there are 2.465 
Mo of 160 in the 5.868 Mo of the O/Ne shell. The overproduction is 72.66, which shows that a considerable 
amount of 160 was produced in this shell. Indeed, this shell accounts for 76% of the 3.242 Mg of 160 the 
star ejects into the interstellar medium. In contrast, 27A1 increases by only 4.7% over its initial abundance 
in the hydrogen envelope through the course of the star's evolution. Other points of interest: 1) nitrogen 
inside of the He/C shell is rare but 15N rich due to neutrino spallation reactions on abundant 160 during 
the explosion and 2) the magnesium in the He/C shell is heavy and has an isotopic pattern that seems to 
emulate mass fractionation with some 26Mg excess. 

There are some immediate applications of this catalog of isotope origins in the explosion of a 25 Mg 
star. 160 is largely produced monoisotopically in the inner regions of the star. This has implications for the 
chemical-memory interpretation of the 160 enrichment in CAIs [6]. 170 is strongly overproduced and 1 6 p 1 8 0  
are depleted in the hydrogen envelope. We find from the catalog that 6(170/160) = (0(170)/0(160) - 1) x 
1000 = 20250 per mil while 6(180/160) = -150.2 per mil. These numbers may have important implications 
for the presolar oxide grains recently found in Orgueil [7] and Murchison [8] which show strong positive 
anomalies in 170 and negative anomalies in 180. It is also of interest to note that the ratio 13C/12C is 
enhanced relative to solar in the hydrogen envelope by CN burning. If microdiamonds that nucleate in the 
12Grich He/C shell (where C/0>1) mix with envelope material, the 12C/13C ratio that results in these 
diamonds may be close to solar [9,10]. 

Subsequent tables in this catalog will study other astrophysical sites. 
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Isotope Source Table  for  a 25 Mg Supernova 
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