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Nuclear Astrophysics

“ to understand the origin of the chemical elements and isotopes, and 
the role of nuclear energy generation, in cosmic sources such as stars, 

supernovae, novae, and violent binary-star interactions ”

- Wikipedia
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“ We are made of star-stuff ”



“ If you wish to make an apple 
pie from scratch, you must first 

invent the universe ”



The Big Bang



t = 20 min



t = 20 min t = 13.8 Gyr





Elements are created in the lives and deaths of stars

Stellar windsSupernovaeNovaeCompact object mergers



Elements are created in the lives and deaths of stars

See lectures by M. Mumpower and W. Aoki



Elements are created in the deaths of stars



Elements are created in the deaths of stars

r-process



(Sprouse & Mumpower)

Rapid neutron-capture nucleosynthesis is a major producer of 
trans-iron elements, but requires lots of theoretical data



Core-collapse Supernovae?

NASA / JPL-Caltech



Exotic Supernovae?

NASA / SkyWork Digital



Neutron Star Mergers

Credit: NASA



Credit: Caltech

A gravitational wave observatory measures distortions 
of space by timing the delay in travelled light



Past, present, and future observing runs

Credit: LVK Collaboration



LIGO sensitivity

Credit: LVK Collaboration



What can be detected by gravitational waves?

Credit: Christopher Berry





Observing GW170817 in gravitational waves

Credit: LIGO-Virgo Collaboration



Mathews+ (2021)

The shape and duration of the inspiral depends on 
the neutron star equation of state
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Graviational waves can help constrain the 
mass-radius relationship for neutron stars
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Graviational waves can help constrain the 
mass-radius relationship for neutron stars



LVK Collaboration (2017)

There is a chance to detect multiple messengers



Finding GW170817 on the sky
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GW170817 and its associated “kilonova”
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Lanthanides (r-process elements) redden the light


