Global 2D Axisymmetric MHD Simulations of Coronal Streamers
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Summary Density Contrasts Dynamically Adjusted Results

Coronal streamers are long-lived regions of closed magnetic fields in the Comparing the density contrast between the streamer belt and coronal holes, to By dynamically adjusting the base density we are able to achieve a much better contrast between
solar corona which can erupt into CMEs. observations, and the density profiles in each region, it is clear that we are unable to streamer & coronal hole density, though not at the level of observations.
match the density gradient in the coronal holes, but are successful in closely reproducing Normal Solution Dynamically Adjusted Solution
In order to better understand the properties of theses streamers, and their the streamer density profile (note that the boundary conditions here are a temperature Density ] —
ensity in the Corona Density in the Corona

interaction with the solar wind we construct 2D axisymmetric global MHD of |.5MK, which matches the temperature Gibson et al measured). < Run 1 t = 5000, Run 1b t = 10000.
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Presented here are the preliminary results of this model. o

Qualitatively the model reproduces the morphology and properties of the S S e 0311

coronal streamer and solar wind.
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Quantitatively, modelling with a uniform base density and pressure fails to
achieve the observed density contrasts between streamer and coronal hole,
or the wind speed in the open-field region.
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By dynamically adjusting the base density, with a lower base value in open-
field regions, we obtain better density contrasts. They do not match the levels
observed, but this limitation is known and understood.

The reason is that the polytropic model is unable to reproduce the fast-wind
flows in open-field regions, the latter requiring additional energy deposition
via Alfven or magneto-acoustic waves.
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Despite these limitations, this model is well placed to move onto studying the We successfully model a streamer with closed field lines, sandwiched between coronal
eruption of CMEs via the introduction of a twisted flux tube into the closed- holes in the polar regions. The streamer shape and surrounding field lines are as - -
field region, and successfully illustrated the interaction of streamers with the expected, but the length of the streamer is larger than expected in some instances. Solar Wind VGIOCItY

solar wind. Steps to improve the model are to include thermal conduction or
non-adiabatic heating (among others) to move beyond the polytrope. Good Qualitative picture of solar wind velocity.

Density in the Corona Density in the Corona Density in the Corona Density in the Corona . . i . .
Run 1 t = 5000. Run 2 t = 5000. Run 3 t = 5000. Run 4 t = 5000. But, coronal hole wind speed is significantly lower than observations (Guhathakurta et al, 1999).

Initial State Solution Steady State Solution
Run 2, t = 0. Run 2, t = 5000.

Sclar Wind Velocity Solar Wind Velocity (North Pole)
T T [rr T [T T ] - - - [ D LI SRy 1 rrrrrrroeT ]

Polar Vel 1 [ .
Polar Sound Speed : ) 0 Run 2 Time Step = 5000.

Paolar Alfven Speed
Equatorial Vel
Equatorial Sound Speed
Euqatorial. AHrefi Speed

Run 2-~ Time
>
-

T
o

Velocity (kms™)
Velocity (kms™)

-
<o
Velocity (km s

1 L . - - -
7 L -
T 10 ||||||||| | PSR S EE S AT A | PR S A A A A
1 l L1 1 1 11 1 11 111 111 11 1 11

| 20 30
0 Solar Radius, Rg Radial distance r in units of Ro Solar Radius

ry

Flux Conservation vation Energetics of the Solar Wind (North Pole)
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Acknowledgements Bernoulli Law).
The code successfully solves the MHD equations with a minimum of numerical dissipation - i.e.
the above values are conserved.
Thanks are also due to the LASP REU Program, Martin Snow and Erin Wood. Only in the streamer region are quantities not conserved - ‘frozen in condition’ is not satisfied
here.

-Dipolar potential magnetic field (solar min. conditions).
-Drop pressure at outer boundary
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