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CRs follows magnetic field lines
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Non-ideal MHD

(ambipolar diffusion)
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Part 1: 3D in Pre-stellar cores
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Part 1: 3D in Pre-stellar cores
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Part 2: 1D in Shocks




PART 1

3D Propagation in Protostellar Cores



Problem
Geometry

MHD+AD 3D snapshot

from Caselli+2019
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Projections
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Mass-weighted probability density
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PART 2

CRs in non-ideal MHD Shocks



Problem
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Non-ideal MHD

(ambipolar diffusion)

B = Vx[vxB
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Chemistry and Ambipolar Diffusion
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The Code: LEMONGRAB

1D + 3 components
Fully-implicit & time-dependent
ChemIStry (gas+dust)
CRs propagation -}
Ambipolar diffusion -
Cooling/Heating (e.g. cr & AD)
Open-source
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time = 10% yr
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time = 10% yr
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time = 10% yr

Ambipolar diffusion
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Conclusions

Part 1: 3D in Pre-stellar cores
e Magnetic fields topology matters
e Monte Carlo is accurate but slow M mmmp CRs

e HEALPix works well (if simple topology) t

Part 2: 1D in Shocks NViD . hermo)
e Microphysics matters

e Self-consistency matters

e Do not draw conclusions for case studies

Muon detector original design: Spencer N. Axani (MIT)
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