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merging neutron stars?
dying low mass stars

big bang fusion

Astronomical Image Credits:

ESA/NASA/AASNova

Graphic created by Jennifer Johnson

http://www.astronomy.ohio-state.edu/~jaj/nucleo/





https://docs.google.com/file/d/1M46RYA_VzTPVZFcMdy5074tfGRB7gH52/preview

The nuclear chart...
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Transmutation

1. neutron capture

2. B+ and B- decay

3. different types of fission
and many others...




The nuclear chart and the processes traversing it
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Atomic Theory
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https://docs.google.com/file/d/1gbO0-jhX9_AD2O1eVcv6Nj-IlKGTbjiF/preview

Dense matter: simulating nuclei

L~5fm=5e-15m
p ~ 2e+14 g/em?

The nuclear many-body problem

quantum N-body problem
e .. for A~10 - 300 particles

e .. with Coulomb interaction

... with strong nuclear interaction
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quantum N-body problem e Brussels-built functionals

e .. for A~10 - 300 particles e non-linear optimisation problem
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Dense matter: simulating nuclei

L~5fm=5e-15m
p ~ 2e+14 g/em?

The nuclear many-body problem

quantum N-body problem
e .. for A~10 - 300 particles

e .. with Coulomb interaction

... with strong nuclear interaction

Typical job: 0.3-1h, < 2GB, 1 CPU
Extreme job: 6 - /h, ~ 4GB, 1 CPU

Density Functional Theory with MOCCa

e Brussels-built functionals
e non-linear optimisation problem

e 3D coordinate space representation

e need to explore different shapes



Dense matter: fission




Dense matter: fission
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Dense matter: fission
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Challenges

e properties required for thousands of nuclei

e rates depend exponentially on energy!

e relevant shapes depend on nucleus




Dense matter: fission
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Challenges Research goals
e properties required for thousands of nuclei . Can we scale to 3D fission trajectories?

e rates depend exponentially on energy!
P P Y % 2. What are the “best” 3 shape d.o.f.s?

e relevant shapes depend on nucleus

3. Whatis the impact on nucleosynthesis?



Dense matter: neutron stars

L~20km=2e+3m
p ~ 10e+14 g/cm? (?)

Image credit: NASA Goddard



Dense matter: neutron stars

L~20km=2e+3m
p ~ 10e+14 g/cm? (?)
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D e n S e m atte r n eutro n Sta rs W. Newton, Nat. Phys. 9, 396-397 (2013);

M. Caplan and C. Horowitz, Rev. Mod. Phys. 89, 041002 (2017).
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W. Newton, Nat. Phys. 9, 396-397 (2013);
D e n S e m a-tte r n eutro n Sta rs M. Caplan and C. Horowitz, Rev. Mod. Phys. 89, 041002 (2017).
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Challenges

e simulations in large volumes

e thousands of particles

e extremely complicated phase-space




W. Newton, Nat. Phys. 9, 396-397 (2013);
D e n S e m atte r n eutro n Sta rs M. Caplan and C. Horowitz, Rev. Mod. Phys. 89, 041002 (2017).
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Challenges Research goals

. . o “ SIEE o)
e simulations in large volumes Can we scale to “thermodynamic” limit~

e thousands of particles 2. Does pasta survive guantum mechanics?

e extremely complicated phase-space
3. Can we build a unified picture?




Dense matter: LUMI preparatory project

phenomena at different scales ...

different computational requirements
with common physics origin

targeted with a single tool!
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Dense matter: LUMI preparatory project

CcC ) 7 ~

phenomena at different scales ... . optimizing the MPI| implementation

different computational requirements . adapting solution strategies

with common physics origin . developing proof-of-concept for pasta

targeted with a single tool!




Conclusion

From the microscopic description of nuclei...

e \Vhatshapes do they take?
e How do they react to deformation/fission?
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