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MHD Simulation of Solar Prominence Formation and Eruption

(A) Levitation model
Al Flux rope formation driven by converging

(B) Reconnection-condensation model
Bl Flux rope eruption due to catastrophe

flow A flux rope has already existed

A two-and-a-half-dimensional magnetohydrodynamic (MHD) sim- in the low corona. The flux rope \{\\15/_//?
ulation is conducted in a chromosphere-transition-corona setup. erupts due to catastrophe.The - v
The linear force-free magnetic arcade is driven by an imposed slow flux rope stretches the magnetic | @
motion converging toward the magnetic inversion line at the bot- field lines and an current sheet y

tom boundary. The convergence brings opposite-polarity magnetic formed underneath.  Multiple

flux to the inversion line, leading to the formation of a flux rope by magnetic islands appear after the
magnetic reconnection. The flux rope erupts and lifts mass from resistive instabilities start. The
the chromosphere to the corona. The figure below illustrates the islands carry mass from the chro-

flux rope formation driven by photospheric converging motion. mosphere into the flux rope.
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The evolution of density of the current sheet with magnetic field
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lines overlaid is shown below, illustrating prominence formation by

levitation.

Density (g/cm?)

1.00E-16 5.18E-16 2.68E-15 1.39E-14 7.20E-14 3.73E-13 1.93E-12 1.00E-11

(a) t=2713.6s (b) t=2885.4s (c) t=3057.1s (d) t=3228.9s (e) t=3400.6s (f) t=3675.4s (g) t=3847.2 s (h) t=3915.9s

Y

ol

1

My, L7 ,&\\\\\\\\WI!IIII////% s\\\\\\\"l!lll//////‘ .\\\\\\\wL\wr////,

S

A7 SRS S S A s 2 Wi A A A

-05 00 05-05 00 05-05 00 05-05 00 05 -05 00 05-05 00 05-05 00 05-05 0.0 0.5

References for model A

Zhao, X., & Keppens, R. 2020, ApJ, 898, 90

Zhao, X., Xia, C., Keppens, R., & Gan, W. 2017, ApJ, 841, 106

Zhao, X., Xia, C., Van Doorsselaere, T., Keppens, R., & Gan, W. 2019, ApJ, 872, 190

take mass from the

—_—
<
[\

chromosphere into 9 =2 -1 0 1 2 -2 -1 0 1
x (cm) x10" x (cm) x10"
the flux rope.

Blll Island motion & prominence formation
The evolution of density (top) and temperature (bottom) of the
current sheet with magnetic field lines overlaid is shown below,

illustrating prominence formation by reconnection-condensation.
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References for model B

This model is a new model proposed by the authors, which is not reported in any literatures.

Summary and comparison
We reproduce two potential models, i.e., the levitation model and the reconnection and condensation model, by
two-and-a-half-dimensional MHD simulations in a chromosphere-transition-corona setup.

Comparison Levitation

Reconnection and condensation

Flux rope Created by converging motion

Pre-existing

Prominence mass | The mass is lifted by the flux rope

The mass is carried into the flux rope by islands

Condensation No condensation

Hot material from the low corona lifted by the flux rope cools down and condenses into the prominence

Thermal pressure (Ba) Thermal pressure (Ba)



