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r-process nucleosynthesis
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r-process elements in metal-poor stars
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Integrated nucleosynthesis with neutrinos
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GW 170817 and the r process: open guestions

Are neutron star mergers responsible for the production
of all r-process elements, or do multiple distinct sites
contribute<¢

Can we understand neutron star merger nucleosynthesis
from first principles<e
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merger outflow nucleosynthesis:

required nuclear data
HE :IE=§.:.. o m O s S es
o e beta-decay rates
L beta-delayed neutron emission probabilities
gl neutron capture rates
. =.;.E'§ fission rates
; e fission product distributions
e g B neutrino interaction rates

Mumpower, Surman, McLaughlin, Aprahamian
Progress in Particle and Nuclear Physics 86 (2016) 86
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required nuclear data: beta decay _—

beta decay rates from NUBASE 2016 g
J1 masses
_ beta-decay rates
Y. —LL beta-delayed neutron emission probabilities
Ao neutron capture rates
. =.;.E'§m. . fission rates
= I fission product distributions
gt B neutrino interaction rates




masses
beta-decay rates
beta-delayed neutron emission probabilities
neutron capture rates

fission rates
fission product distributions
neutrino interaction rates
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Calculated Fission-Barrier Height
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Impact of random uncorrelated mass uncertainties

120 130 140 150 160 170 180 190 200
A

Surman, Mumpower, McLaughlin 2016

x

FRDM masses + Monte Carlo variations within mass model rms (~0.5 MeV)
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Impact of random correlated mass uncertainties
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Impact of systematic mass uncertainties
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Impact of systematic mass uncertainties
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GRB170817A/SSS17a + galactic chemical evolution

Lookback time [Gyr]
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can we use r-process astrophysical conditions to
learn about nuclear physics?
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Impact of random correlated mass uncertainties
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correlations between UNEDF1 parameters
and r-process pattern features

-60 T T T T T N T

TABLE II: Optimized parameter set UNEDF1. Listed are -80 L : ‘ |
bounds used in the optimization, final optimized parameter
values, standard deviations, and 95% confidence intervals. 100 L |
x Bounds x(fin) o 95% CI
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experimental prospects at FRIB

AME 2016
FRIB Day 1 reach
FRIB design goal

ig Facility for Rare Isotope Beams

m at Michigan State University




experimental prospects at FRIB
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can we use nuclear physics to learn about r-process
astrophysical conditionse
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deducing r-process conditions from abundance
pattern details: the rare earth peak
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deducing r-process conditions from abundance
pattern details: the rare earth peak

mass modification parameterization:

M(Z,N) = Mpz(Z,N) + aye Z=0)/2f

012t Nof, (n,y)-(Y:n)
- equilibrium

. CoOld, very
- neutron-rich

150 155 160 165 170 175

Mumpower, McLaughlin, Surman, Steiner, 2016
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deducing r-process conditions from abundance
pattern details: the rare earth peak

10°

mass modification parameterization:

M(Z,N) = Mpz(Z,N) + aye (Z=)/2f
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deducing r-process conditions from abundance
pattern details: the rare earth peak

mass modification parameterization: 0s]
_ _ 2 % e
M(Z,N) = Mpz(Z,N) + ane (2=C)"/2f A
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0.14F ' 10k
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Mumpower, McLaughlin, Surman, Steiner, 2016
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updated reverse
engineering
calculations

hot, (n,y)-(y.n) equilibrium example

In preparation, figure by Nicole Vassh
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summary

The origin of the heaviest elements in the r-process of nucleosynthesis has
been one of the greatest mysteries in nuclear astrophysics for decades.

Evidence from a variety of directions — including the neutron star merger
discovery GW170817/GRB170817A/SSS17a - increasingly points to neutron
star mergers as an important source of r-process elements, but more work is

needed. 120
Estimated Possible
. . 100 = New from FRIB
For the NSM electromagnetic signal to be = Known Isotopes

fully understood, advances in astrophysical
modeling, neutrino oscillation physics, and
nuclear physics are required. On the nuclear
side, the next generation of radioactive
beam facilities offers great promise to reach
the increasingly neutron-rich nuclei that are
key for r-process abundance predictions. 0

Number of Isotopes
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