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...But what about magnetic fields?

Gammie et al. (2016)
arXiv:1607.02132















A First-Take At A Magnetized Giant Impact?

Configuration:

- Gamma Law EOS
- Adiabatic, Ideal MH

- FFT Gravity Solver (Periodic BC's
- Cartesian, Uniform Grid

ython configure.py
—prob=giant_impact -
—qgrav=fft —fft
—nghost=4 -mpi —-hdf5)
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Visualization with /i




Setup: Setup Dipole Magnetic Fields

Ay =

mlyw?ry - 1572 (ré + @?)
c(rg +12)%/? 8(rg +12)?

¢_T2) for r < reutoft

otherwise

c.f., Ruiz & Shapiro (2017)
arXiv:1709.00414




Athena++

10243 Giant Impact Simulation (Linear Resolution ~ 200 km)
643 meshblocks

Magnetized, 1 kG at poles
Cartesian, HLLD, FFT Self-Gravity, PPM, Periodic BCs
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Visualization with /i
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Visualization with \/ L



Balbus & Hawley 1992
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Visualization with yt



Conclus:ons

First numerical simulations of magnetized, Moon-forming giant impacts
(Mullen & Gammie 2019, in prep).

- Onset of the MRI in a Moon-forming giant impact debris disk with growth
times in agreement with linear theory (Balbus & Hawley 1992).

- Magnetic turbulence promotes mixing (Gammie et al. 2016, arXiv:
1607.02132).

- Accretion leads to processing through the boundary layer producing high
entropy material; the boundary layer sources sound waves (c.f., Belyaev et
al. 2016: arXiv:1709.01197) that propagate throughout the disk.

- Quantitative studies of mixing from magnetic turbulence requires composition
variables (in development).

- Need to separately track iron cores and silicate mantles (in development,
see Dr. Roseanne Cheng's talk this afternoon!).

- Need better treatment of EOS (in development).

- Need open-BCs for gravitational potential (in development).

- Not all of the protolunar disk will be well-coupled to the magnetic field; need

fast and efficient algorithms for resistive MHD (in development).
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Future Directions:
...towards multi-material resistive MHD with realistic EOS
for astrophysical/planetary science applications

Multi-Material Realistic (Tabular) EOS: Resistive MHD
Evolution: with Super-Time-Stepping:

python configure.py python configure.py python configure.py
——prob=mm_triple_pt (-b) ——prob=shock_tube ——prob=resistive_diffusion
—mm —nmat=3 —eos=general/eos_table —sts
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Thank You! Questions?
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