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I have used the Calculation Server (計算サーバ) for the computation of Type Ia supernova 

nucleosynthesis yield. Previously on other computing facilities, I have done a number of 

hydrodynamics simulations of the Type Ia supernova from the onset of nuclear runaway until its 

complete disruption. The thermodynamics history is recorded by the Lagrangian tracer 

particles. The dataset contains ~100 models including both Chandrasekhar and 

sub-Chandrasekhar mass white dwarfs with a mass from 0.9 to 1.38 solar mass.  

By using the Calculation Server, I compute the detailed nucleosynthesis by using the 

thermodynamics history of these tracers and a large (495-isotope) nuclear reaction network 

torch which contains isotopes from 1H to 91Tc. The nucleosynthesis calculation is done for 

different metallicity from 0 – 5 times of solar metallicity. The main source code is developed by 

me and is a single-core Fortran 90 program.   

The current calculation results have been used for my most recent article (in preparation), with 

co-authors Professor Chiaki Kobayashi (U. of Herts) and Professor Ken’ichi Nomoto (U. of 

Tokyo). The article is titled “New Type Ia supernova Yields and the Manganese and Nickel 

Problems in Galactic Chemical Evolution”. This work combines the newest nucleosynthesis 

yield (by using the Calculation Server) and the galactic chemical evolution (done by Prof. 

Kobayashi). This work aims at resolving the over-production of some iron-peak elements by 

the most update supernova yields. The draft is in preparation.  

In the upper and lower panels of Figures 1 I show the representative nucleosynthesis yields 

from the Chandrasekhar and sub-Chandrasekhar mass white dwarfs using standard input 

physics. Our Type Ia supernova models give promising results in reproducing a large number of 

isotopes from Si to Ni in accord with the solar abundance. Under-produced isotopes exist (e.g. 

Sc) because they are produced by other sites (e.g. core-collapse supernova). For the 

sub-Chandrasekhar mass white dwarf, the helium-envelope mass strongly influences the final 

nucleosynthesis. A thick He layer may lead to strong production of isotopes in Ti, V and Cr. 

Such over-production can provide tight constraints by comparing with observational data.  



 

 
Figure 1: [Xi/56Fe] = log10 ([Xi/56Fe]/ [Xi/56Fe]sun) which is a measure to the relative production 

of the supernova yield with respect to 56Fe. The two lines stands for 0.3 and -0.3, which is half 

(under-production) and double (over-production) of solar abundances. The yields from my 

representative Chandrasekhar (sub-Chandrasekhar) mass white dwarf models are shown in the 

upper (lower) panel. In the lower panel, two contrasting models with a thin (0.05) and a thick 

(0.10) He-envelope are included for comparison. 



 


