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ABSTRACT We report on the non-negligiable energy generation 
from the 1 3 C neutron source and neutron capture reactions in low 
mass, low metallicity AGB stars. About 10 4 L© are generated 
within the thermal pulse convective shell by the combination of 
the 1 3 C ( a , n ) 1 6 0 rate and the sum of the Y(Z,A)(n,7)Y(Z,A+l) 
reactions and beta decays. The inclusion of this energy source in an 
AGB thermal pulse evolution is shown to alter the evolution of the 
convective shell boundaries, and, hence, how the 1 3 C is ingested 
into the convective shell. Also, the duration of the pulse itself 
is reduced by the additional energy input. The nucleosynthetic 
consequences are discussed for these evolutionary changes. 

INTRODUCTION 
The search for the neutron source responsible for the production of s-
process isotopes with A > 90 has led stellar evolution theorists to con
sider sites from intermediate-mass, solar metallicity thermally pulsing 
AGB stars (Iben 1977, Cosner et. al. 1980) to low-mass, low metal
licity thermally pulsing AGB stars (Iben and Renzini 1982, Hollowell 
1988). In the former case, 2 2 N e is made from U N ingested by the con
vective shell and is burned via 2 2 N e ( a , n ) 2 5 M g to release the neutrons 
responsible for s-process isotope production. However, since no 2 s M g 
enhancement has been observed in S stars (McWilliam and Lambert 
1983), this source has come into disfavor. In the latter case, sizable 
concentrations of 1 3 C are manufactured during interpulse periods due 
to semi-convection of proton-rich material into carbon-rich regions. As 
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production factor c is calculated from the differential equations with Q 
values taken from Holmes et. al. (1976) and Woosley et. al. (1978) 
for the neutron captures, Caughlan and Fowler (1988) for the charged 
particle reactions, and from the mass formula of Myers and Swiatecki 
(1966) for the beta and positron decays. 

The resulting tables of e energy generation factors are then em
ployed in an AGB model of C-O core mass 0.6 M Q and metallicity 
2 = .001 calculated from a ZAMS mass of 1.5 M Q . These e factors 
have been parameterized in time and so that one multiplies by the lo
cal 1 3 C ( a , n ) 1 6 0 rate to get the local energy generation per unit mass. 
The code used to generate the new models has already been described 
(Lattanzio 1986). It must be mentioned that the convective shell evo
lution without the energy deposition in this case is quite similar to that 
in Hollowel! (1988), meaning that we would not expect different results 
had we instead employed the same code as Hollowell (1988). We then 
run the evolution through the point of 1 3 C ingestion to the end of the 
pulse. 

Noting the effect of the energy deposition is to quicken the expan
sion, due to the immediate change in the radiative gradient in the con
vective shell, we then have evolved the nucleosynthesis network through 
a scenario with a shorter expansion timescale. This expansion controls 
the evolution of the 1 3 C , the neutron density, and hence, the energy 
generation rate. 

DISCUSSION 
The integrated luminosity through the convective shell for neutron cap
tures and beta decays from a calculation of the s-process according to the 
model parameters for the fifteenth thermal pulse from Hollowell (1988) 
is shown in figure 1. Figure 2 shows the <TN curve for the repeated 
exposure of Z = 0.001 material to the derived neutron density with an 
overlap fraction of 0.212. A few s-only nuclei, such as 8 0 K r , 1 5 4 G d , and 
1 4 2 Nd are noticeably underproduced due to the high neutron density 
overcoming the effects of beta-decay branching. Including this energy 
in an AGB thermal pulse at an appropriate time for the ingestion of 1 3 C 
results in a slightly more rapid evolution of the pulse, as shown in figure 
3. The upper convective boundary is pushed out in mass while the lower 
convective boundary actually advances in mass. Unfortunately, the up
per boundary at the pulse peak is not pushed much further than the 
case without the energy so as to introduce protons into the convective 
shell. 



DISCLAIMER 

This document was prepared as an acconnt of work spMsorerf by an Agency or the United Stile* Government. 
Neither the United States Government nor the Unirroity of California nor mny of their employees, makes any 
warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, &r p/ocest disclosed, or represents that its use woald not Infringe 
privately owned rights. Reference herein to any specific comiDtrcial products, process, or service by trade name, 
trademark, manufacturer, or otherwise, does not necessarily const It ate or imply its endorse meat, recommendation, or 
favoring by the United States Government or the University of Califowja. The views and opinions of authors 
etprtssed herein do not necessarily state or reflect thane of the United States Government or the University of 
California, and shall not be nsed for advertising or prodnct endorsement paraoses. 

This is a preprint of a paper intended for publication in a journal or proceedings. Since 
changes may be made before publication, this preprint is made available with the 
underbidding thai it will not be cited or reproduced wilhoul Ihe permission of the 
author. 



The upper boundary evolution means that the actual 1 3 C ingestion 
rate should be higher than was input, and hence, the luminosity should 
evolve even faster and develop a higher peak value. Figure 4 shows 
the integrated luminosity if the timescale for shell advance is halved 
and figure 5 shows the resulting <?N curve. The integrated neutron flux 
(exposure) remained roughly constant compared to the previous calcu
lation. The difference in the isotope distributions is mainly apparent 
in the plateau region between 9 0 Z r and I 3 6 B a , where a sharper decline 
occurs when the shell advance is faster. This is due to the smaller time 
of irradiation in the latter case. It is expecied that a stlf-consistent 
calculation will show an even sharper decline in this plateau. Also no
ticeable is a slightly greater deficiency in 8 0 K r and U 2 N d , which should 
also grow with a faster shell advance. 

CONCIUSION 
We have shown that, in the cases where the 1 3 C neutron source operates 
in known AGB stars, the energy from neutron captures and beta decays 
car. no longer be ignored. The effects of such an energy deposition 
are estimated and are found to include a change in the nature of the 
convective zone by substantially increasing the radiative gradient, a 
faster ingestion of 1 3 C and a subsequent change in the energy deposited 
in the shell and the neutron capture nucleosynthesis. This last point 
needs to be examined by a self-consistent approach where the action of 
the nuclear captures and decays can feedback with the stellar evolution. 
In the end, it is expected that the convective shell evolution will be 
radically different than what is normally presented. 

Work performed under the auspices of the U.S. Department of Energy 
by the Lawrence Livermore National Laboratory under contract No. 
W-7405-ENG-48 and for the University of Illinois under NSF contract 
No. AST-8611500. 
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