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1

Interstellar gas and dust grains are strongly correlated

External layers of the clouds are partially ionized

Magnetic coupling to the Galactic field

Molecular Clouds: more than stellar factories
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2The extinction curve

Abump=0.106±0.008
ANUV
AK

+(2.0±0.3)

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

UV-small dust particles interaction is very effective

(Gómez de Castro et al., 2015)
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3Molecular cloud outskirts and ultraviolet observations

Taurus Orion Rosette

Beitia-Antero & Gómez de Castro (2017)Gómez de Castro et al. (2015)

Low values of A     /A   in the maps indicate the depletion of small dust grains, either by 
destruction or grain growth

NUV K
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4Dust 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

Five-fluid approach (solid line). Three-fluid approach (dashed line) plotted for comparison
Semi-analytical study
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5Numerical approach: Athena

Background gas: neutrals + 
ions + electrons

Dust particles (neutral and 
charged) interacting with the 

gas
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6Particles module in Athena: equation of motion

Implementation by Bai & Stone (2011): aerodynamic drag

∂ v⃗ dust
∂ t

=−
v⃗ dust− v⃗ gas
t stop

Charged particles implementation by Lehe et al. (2009) [not public]:

∂ v⃗ par
∂ t

= E⃗+
Ze
mc

( v⃗ par x B⃗)

∂ v⃗ dust
∂ t

=−
v⃗ dust− v⃗ gas
t stop

+
Ze
mc

( v⃗ dust− v⃗ gas) x B⃗−νCoulomb ( v⃗ dust− v⃗ gas)−∑ j
C j( v⃗− v⃗ j)

Our modified equation of motion:

Electric drag 
ions/electrons – charged grains

Interactions between particles 
(still in progress)



  
                L. Beitia-Antero, A.I. Gómez de Castro & J.C. Vallejo                                                       Zooming in on Star Formation, Nafplio, June 10th, 2019

7Particles module in Athena: numerical implementation

Semi-implicit integrator (Bai & Stone, 2011)

Timestep restrictions

∂ v⃗
∂ t

= a⃗( v⃗ , x⃗ , v⃗ gas , B⃗)

v⃗ n+1= v⃗n+ha ( v⃗
n+1+ v⃗ n

2
, x⃗ ' , v⃗ gas

n+1 / 2 , B⃗n+1 / 2)

d v⃗=hΛ−1 a⃗ ( v⃗n , x⃗ ' , v⃗ gas( x⃗ ' )) ;Λ=1− h
2

∂ a⃗
∂ v⃗

∂ a⃗
∂ v

=(
−

1
t stop

−νCoulomb−∑ C j QBz −QBy

−QBz −
1
t stop

−νCoulomb−∑ C j QBx

QB y −QBx −
1
t stop

−νCoulomb−∑ C j
)

Δ t=
CFL
10

min(
mdust c

Ze|B⃗|
,Δ tMHD)
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8Particles module in Athena: feedback

Continuity equation (negligible effect in our model, low   )

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

∂ ρgas v⃗ gas
∂ t

+∇⋅(ρgas v⃗ gas v⃗ gas− B⃗ B⃗+P gas I⃗ )=ρ gasϵ (
v̄ dust− v⃗ gas
t stop

−
Ze
md c

( v⃗ dust− v⃗ gas) x B⃗+νCoulomb( v⃗ dust− v⃗ gas))

Energy equation

ϵ
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9Summary and future work

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

Feedback to the gas is still under implementation

MHD waves 
entering to 
the system

Neutral grains

Charged grains

Preliminary tests without particles

Isothermal
Ambipolar diffusion and Hall effect
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