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r-Process
Most Elements above 
the iron peak are 
believed to be produced
through neutron capture.  
The two extremes are s-
process - the neutron 
capture timescale is 
much longer (slower) 
than the decay 
timescale and r-process 
- neutron capture rate is 
much faster (more rapid) 
than the decay 
timescale. 



Sites of r-Process:  NS Winds, Jets, & Neutron Star Mergers
Qian, Woosley and collaborators 
studied neutrino driven winds 
from neutron stars.  With a 
simple trajectory evolu;on , T=T0
e(-1.28t/texp), they determined the 
condi;ons needed to produce 
the 3rd r-process peak.
Hoffman et al. (1997) 
determined that either high 
entropy, low Ye, or fast 
expansion ;mescales were 
needed to produce the r-
process. Based on this, 
Thompson and ud-Doula (2018) 
derived a figure of merit for r-
process produc;on:  S3/(Ye

3 texp)



r-Process in Neutron Star Mergers

Korobkin
et al. 2012

Dynamical 
Ejecta:  Ye
is low, 
much 
easier to 
make a 
relatively 
clean r-
process 
abundance 
profile



August 17, 2017:  First detection of a  GW event in EM 
spectrum:  over 200 papers since November!!!
• Can probe ejecta composition!  Dominant r-

process site?
• Changing our understanding of jet structures.
• Rate is high! With LIGO improvements (running in 

the fall), we expect 10s of events per year.
• Can we understand these mergers well enough to 

pinpoint the yields?

GW170817



Inferred Rate from GW170817 matches what is needed 

Cote et al. 2018



Current popula,on synthesis models argue for a t-~1 profile.  Are we missing something?

Cote et al. 2018



Neutron Star Mergers 
and Galac2c Chemical 
Evolu2on

Modifica(ons to the predicted (me-dependent 
merger rate may be needed to match the data.

Cote et al. 2018



Shen et al. 2015

Other 
Solu2ons 
exist, but 
not without 
going 
beyond 
what the 
popula2on 
synthesis 
models 
predict. 



• Depending upon the light-
curve and spectral models, 
the amount of wind vs. 
dynamical ejecta varies 
considerably.

• The dynamical ejecta is 
neutron rich and produces 
the right distribu=on of 2nd

and 3rd r-process peaks.
• But if there is a lot of wind 

ejecta that produces 
predominantly 1st and 2nd

peaks, can we explain the 
r-process yields?



Nuclear Physics problem
• Understanding the relative production of r-process 

depends on the nature of the ejecta (wind versus 
dynamical ejecta) and the clean signal from 
neutron star mergers may not be so clean.

• Uncertainties in the nuclear physics can also 
drastically alter the yields.

Fission rates (mul>-
chance beta-delayed 
fusion and reac>on 
rates) are ac>ve 
areas of research.



LANL 
plan:  full 
system 
models


