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Science Goals: 
•Astrophysical nucleosynthesis 
•Mass ejection and the nature 

of matter at nuclear densities



1. It burns the material that sets the opacity 
• Lanthanides and actinides have a high opacity and 

a strong impact on the signal

Effect of the r-process on kilonovae
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Effect of the r-process on kilonovae
1. It determines the kilonova’s luminosity budget 
• Energy from radioactive decay is reprocessed
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Nuclear masses:  
• Mass models range from 

theoretical to empirical

Reaction rates: 
• neutron-capture    

•   -decay

•   -delayed neutron emission

Fission:  
• Fission barriers

• Lifetimes for spontaneous, 

neutron-induced, and   -
delayed fission


• Fission fragment distribution

What are the major nuclear physics 
uncertainties?

�
�

�

Astrophysical Parameters:  
• How do the thermodynamic 

conditions in the gas evolve?

• Quantified in terms of        , 

          , and 
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Diversity of post-merger environments



…and what effect can they have on 
kilonova light curves?
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Example: Fission can 
dominate late-time heating. 
What are the most 
important isotopes and 
what are their half-lives? 
(See Zhu, Lund+20)



Summary: progress on 
understanding kilonovae
1. Nuclear physics uncertainties introduce an important 

degeneracy into modeling and interpreting kilonovae’s 
bolometric luminosity (Barnes et al. 2020, Zhu et al. 2020)


2. Late-time heating can be diagnostic of nucleosynthesis and 
composition (Wu, Barnes et al. 2019, Kasliwal et al. 2019)


3. Ejecta geometry is another important uncertainty affecting 
the mass-luminosity relationship (Dharba & Kasen 2020), and 
the spectrum especially when multiple components with 
distinct compositions are present (Korobkin et al. 2020)


4. The composition can also (in principle) be measured from the 
spectrum, and certain species may have an outsized 
influence on spectral formation (Kasen et al. 2017, Even et al. 
2020)


