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Temperature, density as a function of time, initial compositions, neutrons
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to unravel the impact of nuclear physics from the complications of the
Astrophysical scenarios: Theory and experiment

How?  Measure. Which ones do we measure?
Nuclear masses

p-decay rates
n- capture
p-delayed n-emission
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Physics of nuclei far from stability...
but which ones?

Reflections on the atomic nucleus, July 28-30, 2015
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Nucleosynthesis in the r-process
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Nuclear masses
p-decay rates

n- capture

p-delayed n-emission



r-process sensitivity studies

dynamic r-process simulations developed by R. Surman et al.

Approach:

Choose a baseline simulation

Vary one piece of nuclear data by a set amount, rerun the
simulation,

compare the final abundance pattern to the baseline
Repeat for each nucleus in the network

How we measure the effect of the changes

F =100 x Z | Xbasetine(A) — X (A)].
A




r-process sensitivity studies

dynamic r-process simulations developed by R. Surman et al.

neutron capture rates

masses/neutron separation energies/binding energies
beta decay rates

Beta-delayed neutron emission probabilities
masses/capture rates/beta decay rates (propagated)

Example: varied mass models-

FRDM, Duflo-Zuker, ETFSIQ, HFB-21, F-spin
Adjusted the binding energy of each nucleus + 1IMeV
(3010 nuclei twice....)



Sensitivity studies for the main r process: nuclear masses

A. Aprahamian,! |. Bentley,> M. Mumpower,! and R. Surman?
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FIG. 1. The mass excess of cadmium isotopes consisting of experimental (filled boxes) and extrap-
olated (open boxes) values from AME2012 compared to theoretical values from Duflo & Zukeri)o,
Goriely et al.2!, and Wang et al.22, all scaled to the mass excess from the FRDM!8.



Same astrophysical trajectory (hot r-process): 3 dif ferent mass models
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Sensitivity studies for the main r process: nuclear masses
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Hot r-process trajectory
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Potential r-process sites: Neutron richness,
High entropy, and fast outflow to reach U/Th, Temperature/
density variations as a function of time.

Trajectories describing four scenarios

1. Hot low entropy 0.20 Ye 70ms

2. Hot high entropy 0.25 Ye 80ms

3. Cold neutrino driven wind 0.31 Ye

4. Neutron star merger (Bauswein & Janka)fission recycling




Putting it all together..
Building a fully self-consistent sensitivity study

- Neutron capture . Separation energy - [-decay - Pin

Z+1f

Proton Number - Z

Z-2f

N-1 N N+1 N+2 N+3 N+12
Neutron Number - N

N=82: Mumpower, Surman, Fang, Beard, Aprahamian (2015); J. Phys G 42, 034027
N=126: Mumpower, Surman, Fang, Beard, Moller, Aprahamian (2015); subm.



Baseline calculation for 149Sn
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(n,g)-rates only

Y(A)

Beta-decay rates only

Sn only

All together
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Over an order of magnitude difference in the Y(A) for
0.5MeV addition in mass of 140-5nl
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Proton Number (Z)
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Proton Number (2)

Experimental reach for the present and future...
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Conclusions

Comprehensive sensitivity studies of the r-process to individual nuclear
properties

Propagation of mass changes to all dependent properties
(self-consistence)

|dentifying the site of the r-process path....

Disentangling Nuclear Physics uncertainties
from the Astrophysical uncertainties...Progress.

We need much better precision on|nuclear models
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Sensitivity Study Masses
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