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Abstract 
 
Tracing the element enrichment in the Universe requires to understand the element 

production in stellar models which is not well understood, in particular at low metallicity. In this 

thesis light is shed into the variety of nucleosynthesis processes in stellar models across 

initial masses and metallicities and their relevance for chemical evolution. 

Stellar nucleosynthesis is investigated in asymptotic giant branch (AGB) models and massive 

star models with initial masses between  and  for metal fractions of Z = 0:02; 0:01; 

0:006; 0:001; 0:0001. A yield grid with elements from H to Bi is calculated with consistent 

nuclear reaction rates and serves as an input for chemical evolution simulations. Most AGB 

models are computed towards the end of the AGB phase and massive star models are 

calculated until core collapse followed by explosive core-collapse nucleosynthesis. Features 

include convective boundary mixing in all AGB star models, efficient hot-bottom burning and 

hot dredge-up in AGB models as well the predictions of both heavy elements and CNO 

species under hot-bottom burning conditions. H-ingestion events in the low-mass low-Z AGB 

model with initial mass of  at Z = 0:0001 results in the production of large amounts of 

heavy-element. In super-AGB models H ingestion could potentially lead to the intermediate 

neutron-capture process. 

To model the chemical enrichment and feedback of simple stellar populations in 

hydrodynamic simulations and semi-analytic models of galaxy formation the SYGMA module 

is created and its functionality is verified through a comparison with a widely adopted code. A 

comparison of ejecta of simple stellar populations based on yields of this work with a widely 

used yield set shows up to a factor of 3.5 and 4.8 less C and N enrichment from AGB stars at 

low metallicity which is attributed to complete stellar models, the modeling of the AGB stage 

and hot-bottom burning in super-AGB stars. Analysis of two different core-collapse supernova 

fallback prescriptions show that the total amount of Fe enrichment by massive stars differs by 

up to two at Z = 0:02.  

Insights into the chemical evolution at very low metallicity as motivated by the observations of 

extremely metal poor stars require to understand the H-ingestion events common in stellar 

models of low metallicity. The occurrence of H ingestion and heavy element production 

through the intermediate neutron capture process is investigated in super-AGB models and to 



explain C-Enhanced Metal Poor stars. Initial efforts to model this heavy element production in 

3D hydrodynamic simulations are presented. 

For the first time the nucleosynthesis of interacting convective O and C shells in massive star 

models is investigated in detail. 1D calculations based on input from 3D hydrodynamic 

simulations of the O shell show that such interactions can boost the production of odd-Z 

elements P, Cl, K and Sc if large entrainment rates associated with O-C shell merger are 

assumed. Such shell merger lead in stellar evolution models to overproduction factors beyond 

1 dex and p-process overproduction factors above 1 dex for  and heavier isotopes. 

Chemical evolution models are able to reproduce the Galactic abundance trends of these 

odd-Z elements if O-C shell merger occur in more than 50% of all massive stars. 


