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Decay of neutron star matter
Lattimer & Schramm 1974

Credit: Korobkin + 13



Two crazy ideas



R-Process nucleosynthesis
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Radioactive 244Pu deposition at 
early solar system and now 

vary by 50-5000
Wallner et al., 2014



Breaking the degeneracy I: 244Pu

Hotokezaka, TP & Paul, 2015



R-Process in dwarf Galaxies
Ji et al., 2016

Beniamini, Hotokezaka, &TP 2016



A Dwarf Galaxy can retain a 
binary Neutron Star 

vesc ~20-30 km/sec

✴Most (2/3-3/4) observed 
Galactic binary neutron stars 
have almost circular orbits and 
a low proper motion

➡Very low mass ejection      
(<0.1 Msun)

➡NOT formed in a regular SNe
➡Very low kick velocity 
➡Won’t be ejected from a Dwarf 

Galaxy
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Ret II

Cowan & Thielemann

Very Early nucleosynthesis

time->

Simon et al., 2023

200 Myr

Milky Way



Some like it short

✴The Galactic BNS have 
an excess of “short” 
merger times. 

✴Expectation due to 
pulsar’s life time is a 
paucity of short mergers. 

➡Excess at birth of BNS 
with short merger times. 

Beniamini & TP 2019



Why Gravitational Waves?

• Radioactive U and Th melt the Earth core → 
magnetic dynamo!

• Radioactive U and Th heat the mantle → plate 
tectonics - essential for evolution of intelligent 
terrestrial life as we know it. 

• U and Pu may one day extinct life as we know it. 

GW → Mergers → R-process



About 1000 Earth masses of 
Gold + Platimun + Uranium and 
other heavey metals. Less than 
80 Million years before solar 
system formation at a distance 
of ~10 pc from the solar system! 

Our local merger

Was this needed for life? 


