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GW170817 and r-process

uncertainties from

nuclear physics
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r-process Sensitivity to Mass Model and Fission Yields

10 mass models: DZ33, FRDM95, FRDM12, WS3, KTUY, HFB17, HFB21, HFB24, SLY4, UNEDFO
N-rich dynamical ejecta conditions: Cold (Just 2015), Reheating (Mendoza-Temis 2015)

Kodama & Takahashi(1975)
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Dependence on the Fission Fragment Distribution
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Fission In R-process Elements

The FIRE collaborationexplores the role of fission in the rapid
neutron capture or r-process of nucleosynthesis
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Superheavy island blocked by [3-delayed fission
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B-delayed fission yields in r-process nucleosynthesis

Right: keeping a symmetric (50/50) split
for neutron-induced fission yields while

exchanging [df yields from Kodama et al
to a symmetric split
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Shaping the r-process second peak:
fission barriers and shell closures
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Masses: Model Divergence and FRIB Reach
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Studying Rare-Earth
Nuclei to Understand
r-process Lanthanide
Production

Experimental Mass Measurements:

AME 2016
Jyvaskyla
CPT at CARIBU
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Studying Rare-Earth
Nuclei to Understand
r-process Lanthanide
Production

Experimental Mass Measurements:
AME 2016

Jyvaskyla

CPT at CARIBU

Theory (ND, NCSU, LANL):

Markov Chain Monte Carlo Mass Corrections to
the Duflo-Zuker Model which reproduce the
observed rare-earth abundance peak

(right: result with s/k=30, t=70 ms, Y,=0.2)
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Standard r-process calculation

Astrophysical conditions
Fission Yields

Rates (n capture, 3-decay, fission....)
Nuclear masses

—>

Nucleosynthesis code

(PRISM)

|

Abundance
prediction



Reverse Engineering r-process calculation

Astrophysical conditions Nucleosynthesis code

Fission Yields —> (PRISM)

Rates (n capture, 3-decay, fission....)

i }

Nuclear masses Abundance
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MCMC procedure
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Dynamic Mechanism of Rare-Earth Peak Formation

Detailed balanceimplies

(y,n) o e Sn/kT

!
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Results

= Astrophysical trajectory:
hot, low entropy wind as from a NSM
accretion disk
(s/k=30, t=70 ms, Y,=0.2)

= 50 parallel,independent MCMC runs;
Average run y2~23

Orford, Vassh, Clark, McLaughlin, Mumpower,
Savard, Surman, Aprahamian, Buchinger,
Burkey, Gorelov, Hirsh, Klimes, Morgan,
Nystrom, and Sharma

(accepted to PRL)
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Results

= Astrophysical trajectory:
hot, low entropy wind as from a NSM
accretion disk
(s/k=30, t=70 ms, Y,=0.2)
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Rare-Earth Peak with MCMC solutions

Abundance

| ——- Duflo-Zuker, s/k=30, =70 ms
B s/k=30, =70 ms
I s/k=30, t=65,75,80 ms
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Nucleosynthesis in Neutron Star Mergers: Many Open Questions

o Can mergers account for most of the r-process material observed in the galaxy?
Are precious metals such as gold producedin sufficientamounts? Are actinides produced?
o Where within the merger environmentdoes nucleosynthesis
occur and under what specific conditions?
o Does fission of the heaviest nuclei shape the observed second r-process peak?
o How does the rare-earth peak form?

O
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r-process sites within a Neutron Star Merger

Accretion disk winds —
exact driving mechanism
T (MeV) and neutron richness varies

-12

Very n-rich
cold, tidal
outflows

——

Foucart et al (2016) Owen and Blondin



Lanthanide production in GW170817: “red” kilonova

18..

20..

241

0 2 4 6 8 10 12 14 16 18
MJD - 57982.529

Cowperthwaite et al (ApJL 2017)

U
I
n
o

41.5(

41.0

40.5

log,,[Bolometric luminosity (erg s)

Lanthanide mass fraction 1*, opacity 1%, longer
durationlight curve shifted toward infrared

: : : 2.0 , , , '
Bolometric light curve UV’ Optical Infrared
— Xign =107 Spectrum at
_Xlz-1n=10_4 1.5¢ t=45d
_ Xlan =102
— X, =10"1

lan

Specific luminosity (104" erg s um=1) &
o -
3] o

0 2 4 6 8 10 05 10 15 20 25 30
Days since merger Wavelength (um)

Kasen et al (Nature 2017)



Atomic Abundance, Si = 10°

Observed Elemental Abundances
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Peak Formation with an MCMC Mass Solution




Peak Formation with an MCMC Mass Solution
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Abundance
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Preliminary Results

= Astrophysical trajectory:
n-rich NSM dynamical ejecta with nuclear
reheating

= Simple fission prescription:
-spontaneous fission for all A>250 nuclei

-57%,43% fission fragment splits

= 50 independent MCMCrunscomplete
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