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Molecular Clouds: more than stellar factories

Interstellar gas and dust grains are strongly correlated

External layers of the clouds are partially ionized

Magnetic coupling to the Galactic field
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The extinction curve
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(Gémez de Castro et al., 2015)

UV bump is most likely produced by small dust
particles (PAHs)

UV-small dust particles interaction is very effective
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Molecular cloud outskirts and ultraviolet observations

Taurus
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Low values of A /A in the maps indicate the depletion of small dust grains, either by
destruction or grain growth
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Dust grains and cloud-magnetic field coupling

Pilipp et al. (1987): The effects of dust on the propagation and dissipation of Alfvén waves in
interstellar clouds
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Five-fluid approach (solid line). Three-fluid approach (dashed line) plotted for comparison
Semi-analytical study
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Numerical approach: Athena

Introduction to Athena

Introduction

Athena is a grid-based code for astrophysical magnetohydrodynamics (MHD). It was developed primarily
for studies of the interstellar medium, star formation, and accretion flows. Athena has been made freely
available to the community in the hope that others may find it useful.

The current version (v4.2) implements algorithms for the following physics:

® compressible hydrodynamics and MHD in 1D, 2D, and 3D,

e special relativistic hydrodynamics and MHD, ' Background gas: neutrals +
® deal gas equation of state with arbitrary ¥ (including y = 1, anisothermal EOS), ions + electrons

® an arbitrary number of passive scalars advected with the flow,

e seli-gravity, and/or a static gravitational potential,

e [Ohmic resistivity, ambipolar diffusion, and the Hall effect, | Dust particles (neutral and
e both Navier-Stokes and anisotropic (Braginskii) viscosity, charged) interacting with the
® both isotropic and anisotropic thermal conduction, gas

e optically-thin radiative cooling.
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Particles module in Athena: equation of motion

Charged particles implementation by Lehe et al. (2009) [not public]:
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Implementation by Bai & Stone (2011): aerodynamic drag
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Our modified equation of motion:
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Interactions between particles
(still in progress)
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Particles module in Athena: numerical implementation

Semi-implicit integrator (Bai & Stone, 2011)
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Particles module in Athena: feedback

Continuity equation (negligible effect in our model, low €)
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Induction equation - two alternatives:

1. Include dust grains effect in the coefficients of Ambipolar Diffusion, Hall
effect and Ohmic resistivity (Bai & Stone, 2011) — not enough to study dust

grain evolution

2. Implement a predictor-corrector scheme similar to that for the continuity equation

Energy equation
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Summary and future work
Preliminary tests without particles

Dust grains affect the dynamics of the molecular
clouds, especially in the outer layers >
We are adapting Athena’s particles module to :
include the physics of charged dust grains :
3:&
Feedback to the gas is still under implementation 5
Charged grains 3 g e
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MHD waves -

entering to

the system
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Isothermal .
Ambipolar diffusion and Hall effect Neutral grains
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