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Lighter heavy elements: Sr - Ag

Ultra metal-poor stars: high and low enrichment of heavy r-process nuclei
-> two components or sites (Qian & Wasserburg):
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Nucleosynthesis components

Abundance of many UMP stars can be explained by two components:
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—jecta and nucleosynthesis

Top view: Side view:

shock heating

accretion disk

viscous heating
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tidal torques hot MNS
dynamic ejecta neutrino-driven wind viscous ejecta
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Neutron star mergers: neutrino-driven wind

3D simulations after merger

disk and neutrino-wind evolution
neutrino emission and absorption
Nucleosynthesis: 17 000 tracers
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Neutron star mergers: neutrino-driven wind
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ime and angle dependency

Black hole formation determines time for wind nucleosynthesis
(Fernandez & Metzger 2013, Kasen et al. 2015)
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Wind and dynamic ejecta

Wind ejecta complement dynamic ejecta
Complete mixing: solar system abundances and UMP stars

Partial mixing: Honda-like star?
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—quation of state and neutrinos

GR simulations: different EoS (Bovard et al. 2017)
impact of neutrinos (Martin et al. 2018)
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—quation of state and neutrinos

GR simulations: different EoS (Bovard et al. 2017)
impact of neutrinos (Martin et al. 2018)
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Core-collapse supernovae

Standard neutrino-driven supernova:
Weak r-process and vp-process
Elements up to ~Ag




Impact of astrophysical uncertainties

Otsuki et al. 2000
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Characteristic nucleosynthesis patterns
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http://nuc-astro.eu

Core-collapse supernovae

Standard neutrino-driven supernova:
Weak r-process and vp-process
Elements up to ~Ag

Magneto-rotational supernovae

Neutron-rich matter ejected by strong magnetic field
(Cameron 2003, Nishimura et al. 2006)

2D and 3D + parametric neutrino treatment :
- Jet-like explosion: heavy r-process
- magnetic field vs. neutrinos: weak r-process

Nishimura et al. 2015, 2017, Winteler et al. 2012, Mosta et al. 2018




Magneto-rotational supernovae: r-process

Neutron-rich matter ejected by strong magnetic field
(Cameron 2003, Nishimura et al. 2006)

2D, parametric neutrino treatment (Nishimura et al. 2015, 2017)
magnetic field vs. neutrinos
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Magneto-rotational supernovae: r-process

3D, leakage (Winteler et al. 2012, M0Osta et al. 2017)

jet-like explosion, heavy r-process:

strong magnetic field (1013G) or symmetry (~2D), 1012G
Weak r-process: 3D, 1012G
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Magneto-rotational supernovae: r-process

Neutrinos and late evolution are important
Martin Obergaulinger: 2D, M1, ~1-2s
Progenitor: 35 Msun
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Mass fraction

Impact of rotation and magnetic field
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Proton number, Z

Nuclear physics input

nuclear masses, beta decay, reaction rates (neutron capture), fission
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Nuclear masses

Abundances based on density functional theory
- six sets of different parametrisation (Erler et al. 2012)
- two realistic astrophysical scenarios: jet-like sn and neutron star mergers
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Martin, Arcones, Nazarewicz, Olsen (2016)

First systematic uncertainty band
for r-process abundances

Uncertainty band depends on A,

In contrast to homogeneous band for all A
e.g., Mumpower et al. 2015

Can we link masses to r-process abundances?



Two neutron separation energy: abundances

Abundances
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properties
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Two neutron separation energy

Nucleosynthesis path at constant Sn: (n,y)-(y,n) equilibrium
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Abundance

San/2 (MeV)

Two neutron separation energy: abundances
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Fission: barriers and yield distributions
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Neutron star mergers: r-process with two fission descriptions

2nd peak (A~130): fission yield distribution

3rd peak (A~195): mass model, neutron captures



Conclusions

Core-collapse supernovae:
wind: up to ~Ag
Magneto-rot.: r-process

r-process
path

r-process

Neutron star mergers:
r-process

weak r-process
Kilonova

Impact of nuclear physics and astrophysics

Observations to constrain astrophysics




