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stellar nucleosynthesis
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heavy element nucleosynthesis processes
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r-process nucleosynthesis
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Solar r-process abundance

r-process observables: abundance patterns
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Solar r-process abundance

r-process observables: abundance patterns
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bolometric luminosity

r-process observables: electromagnetic signatures
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r-process observables: electromagnetic signatures
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neutron star merger r-process environments
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neutron star merger r-process environments

Relative abundances

1071 2

1072 |

10~%

00

1072

Radice+2019

LS220_M135135_LK
LS220_M135135_MO_LTE

— LS220_M135135_MO e  Solar
o o

50

| YR W W T N ST S AN SO ST S N
75 100 125 150 175 200

A
ejecta from the accretion disk <
>
Malkus,
McLaughlin,

Surman 2016

1073

107

-5

107

prompt ejecta




nsm integrated nucleosynthesis yields
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open questions in nsm/r-process nucleosynthesis

Can we understand neutron star merger nucleosynthesis
from first principles?

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



nuclear data for r-process s
simulations

ore N MAsSes
o e beta-decay rates
e beta-delayed neutron emission probabilities
_ ==;_§'E'= - neutron capture rates
. =.;.E'§ fission rates
e fission product distributions
g B neutrino interaction rates
Lt spallation cross sections
..E'E“ ) Mumpower, Surman, McLaughlin, Aprahamian
..E'= Progress in Particle and Nuclear Physics 86 (2016) 86



Y(A)

103 =
107 #;,L.-" et
. u
10-5 X ag.aa 'nrfn,bm r *ﬁﬂ 1
10_6I T T T L T T T T ﬁ L T T T T T T T T
100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270
A
108
98 time = 8.000e-03 s
T = 1.000e+01 GK
88 2

movie by N. Vassh using
78 - PRISM (Sprouse/Mumpower)

Trevor
) Sprouse,
B~ decay TEAMS/ND
| RI QN‘ = (n grad student
rJ W Bdf
a decay
m spf

100 110 120 130 140 150 160 170 180 190 200
N



nuclear data for r-process
simulations: masses
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nuclear data for r-process

simulations: masses
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Impact of mass uncertainties
on kilonova heating rates
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experimental prospects: mctsseif- ey
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experimental prospects: masses
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kilonova signatures

Kilonova SSS17a bolometric light curve
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signatfure of actinide productione
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effective heating rate [erg g'1 3'1]

254Cf and late-time radioactive heating

17 ™ T 1 ]
10 with sf — ] 10-6
1010 without sf --- -
] 1078
109 - D]
- :
108 F 1 1070 2
1 =
- 2
107 F 3 10712 <
6 [ a
10 ] 10714
10° F .
N 10716
1l . el . — - 154 156 158 160
1 10 100 1000 N
time [d]

Zhu, Wollaeger, Vassh, Surman, Sprouse, Mumpower, Moller, McLaughlin, Korobkin, Jaffke, Holmbeck,
Fryer, Even, Couture, Barnes, ApJL 2018



effective heating rate [erg g'1 s'1]

254Cf and late-time radioactive heating
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Barrier Height [MeV]

254Cf: nuclear uncertainties R S A AL
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abundance pattern signatures
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abundance pattern signatures

spolla’rion and the 39 peak
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abundance pattern signatures

spolla’rion and the 39 peak
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log(Th/Eu)

actinide production: clues from metal-poor stars
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actinide production in r-process simulations
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actinide dilution model
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actinide dilution + matching model
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abundance pattern signatures

spollo’rion and the 39 peak
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spallation and the A ~ 195 peak
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abundance pattern signatures

spollo’rion and the 39 peak
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deducing r-process conditions from abundance
pattern details: the rare earth peak

mass modification parameterization:
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deducing r-process conditions from abundance
pattern details: the rare earth peak
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reverse-engineering
results for a hot wind
r-process
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reverse-engineering
results for a hot wind
r-process + new
experimental masses

masses from CPT at CARIBU

astrophysical conditions of a hot,
(n.,y)-(y.n) equilibrium wind
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reverse-engineering results for three distinct scenarios
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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 120
increasingly points to neutron star mergers m Estimated Possible
as an important source of r-process " S NEW renFRIB
elements, but more work is needed, e.g.,
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