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Observations of instabilities
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HINODE observations of quiescent solar prominence
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Linear theory of magnetic RTI
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Linear growth rate (Chandrasekhar 1961)
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Prominence material is only partially ionized

Single-fluid vs multi-fluid approacr}Multi-ﬂuid: Diaz et al. (2012), Soler et al. (2012)

Only linear theory has been developed so far | Single-fluid: Diaz, Khomenko & Collados (2013)
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T=5000K; p=3x101 gcm?3

Neutral fraction p /p =~ 0.9

600
£ T ~400.000 K; p =~ 4x10'5 gcm?3
N Hot corona

400 - ~ | Neutral fraction p, /p =0

B,=10G
2001 p=0.025 | «Multi-mode perturbation of the interface
| | | | Spatial resolution of 1 km
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X [km] *Generalized Ohm’s law (ambipolar term “on”)

See Hillier et al (2011, 2012) for 3D MHD simulations
of RTI in Kippenhahn-Schliter prominence model < SPIA
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B,inclined away from normal to the
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B,inclined away from normal to the
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3D field lines
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Growth rate of RTI modes
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“ambipolar’” model has slightly larger velocities in the linear regime
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neutrals make plasma more unstable
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Velocity distribution in non-linear regime, 6=90°
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Asymmetric up- and down- flow distribution, +10-20 km s

“ambipolar” model has more extreme velocities
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Similar mode growth rate in “ambipolar” and “mhd” models
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{ILE e s
[I Ii II: ? I:":IIIII lII‘“IlIILII ]

0.00 0.02 0.04 0.06 0.08 0.10
Ke [km™']

1.5F

PAMBI / P MHD
O
s
o
o
®
o

10 100
Wavelength [km]

Solar Partiallv lonized Atmosphere



“ambipolar” model shows larger growth rate at small scales,
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compared to “mhd” model
Change of behavior at A~Ac=30 km
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Growth rate of RTI mo
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“ambipolar” model shows larger growth rate at small scales,
compared to “mhd” model

Change of behavior at A~Ac=100 km
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Chromospheric material is more than 30% hotter in the
“ambipolar” model (Joule heating due to current dissipation)

B=10 G,
800 — o o N W
"€ 600
i i
N 400
200
140 s 72 s
0 1000 2000

N W
o O

/I o =
— o
(@)

(Ambipolar) — T(MHD) [%]

[
N
o O

Solar Partiallv lonized Atmosphere




i [J < B] (2€nvp€ o fzvpn)
70 Oy,

Currents Gradients of partial pressures

Negative values: neutrals fall faster than ions by a few km s
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Currents Gradients of partial pressures

Negative values: neutrals fall faster than ions by a few km s
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General dynamics

«Asymmetric velocity distribution; up flows are faster;
Upflowing bubbles are more apparent in density images;

*Drops falling at constant speed ~3-5 km s™.

*Small scales grow faster with ambipolar term “on”;
*Larger speeds of bubbles in with ambipolar term “on”;
‘Measurable diffusion velocities of the orders of a few km s;

*Temperature of bubbles is up to 30% different.
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