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Introduction: High Opacity Material
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Introduction: Neutron Capture @ Los Alamos
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Introduction: {slow) Neutron Capture i —
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Introduction: Rapid Neutron Capture @ Los Alamos
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Introduction; Motivation 8 Los Alcimos
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Natural Abundance Production in Selar System

Abundance of Si
is normalized to 10°
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troduction: Motivation 8 Los Alcimos
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atural Abundance Production in Selar System Cosmic Chronometers

Abundance of Si
is normalized to 10°
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r-Process Site: Compact Object Mergers

(Adapted from Kasen+ 2017)
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r-Process Site: Compact Object Mergers PYp—

(Adapted from Kasen+ 2017)
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r-Process Site: Evolution of Post-Merger Disk

Neutrino effects on Y,
affected by geometry
and evolution of
magnetic fields in the
post-merger disk.
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r-Process Site: GW1/081/ @ Los Alamos
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Nuclear Physics Sources of Uncertainties
Nucleosynthesis calculations probe:

- Nuclear Energy Generation
- Light Curve Evolution
- Final Abundance Patterns

- Cosmochronometry
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Building a Dataset: Initial Y,

Single Trajectory:
all nuclear datasets]
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Zhu, Lund+(2021); Barnes, Zhu, Lund +(2021); Lund-+ (2022)
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Saurces of Nuclear Uncertainty @ Los Alames
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Building a Dataset: Mass Mode

Most basic nuclear property: mass

Common approach: it parameters to
experimental data, extrapolate to make
predictions about unknown nuclel

Fach mass model associated with fission
barrier height madel
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Building a Dataset: Beta Decay Rates B Los Alams

~ Slower rate”

NES/MLRO3 MLR/MLRO3 MKT/MLRO3

Logarithmic Ratio of Rates
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PRISM: A Sparse Matrix Solver B Los Alams

Thermodynamic Evolution

I Abundance > Chronometry
Nuclear Datasets S _
PRISM A(Abundance)
Sprouse+ (2020) .
Nuclear Inputs: (-value . Eﬁecwe
Heating
Thermalization Efficiency l
Lignt Curve
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Nuclear Heating Calculation
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PRISM flow: specific contribution of tatal time-derivative of an abundance due to a single nuclear process [s]

Thermalization Efficiency
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Total Heating for Different Nuclear Physics @ Los Alamos
Index Mass Model Y,
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Nuclear Heating by Reaction Type @ Los Alamos
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Nuclear Heating by Reaction Type @ Los Alamos
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43
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Nuclear Heating by Reaction Type @ Lo Aamos

Beta Decay
- Much more overlap,

otal heating tends (o
e set by beta [and

Sponianeous — some alpha) decay
Fission

- Overall effect on beta
Aphe decay heating is
Decay SrT]a|

Fffective Heating (erg/s)

Time (days)
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L]ght CUTVB Sh@” M0d6| i@ Los Alamos
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Similar procedure as effective heating calculation, but computationally mare intensive (ref Metzger 2017)

Shell model for ejecta: the mass of each shell, A7, depends on the velocity, v; of that shell {100 shells evenly distributed
between 0.1c and 0.4c)

Time evolution of the energy of a shell Luminosity (ultimately want to plot this!]
dE, M, 0(t, v) E, E,
= V) —— —
dt Mej t tav T Licw
. . . . Diffusion timescale Light-crossing
Fffective heating Adiabatic expansion EAr—— mescdle
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L]ght CUTV@S ‘@LosAlamos
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- Differences innuclear heating predictions propagate through to light
Curve

- Overdlmagnitude of luminosity ~ overal heating BUT peak depends 1042
on ejecta apacity
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Light Curves (@ Los Alamos
~/0% more heating
can yield ~50%
g a brighter light curve
z (NESMLR)
£ 40
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Nuclear Heating (revisited)



NC STATE UNIVERSITY

Alpha Decay Heating @ Los Alamos
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Spontaneous Fission (et al.) Heating @ Los Alamos
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