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Abstract

The Sun’s chromosphere is a highly dynamic, partially ionized region where spicules (hot jets of plasma) form. Here we present a

two-fluid MHD model to study the chromosphere, which includes ion–neutral interaction and frictional heating. Our simulation

recovers a magnetic-canopy shape that forms quickly, but it is also quickly disrupted by the formation of a jet. Our simulation

produces a shock self-consistently, where the jet is driven by the frictional heating, which is much greater than the ohmic

heating. Thus, our simulation demonstrates that the jet could be driven purely by thermal effects due to ion–neutral collisions

and not by magnetic reconnection. We plan to improve the model to include photo-chemical effects and radiation.
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The sun’s atmosphere is called the 
chromosphere. Compared to the sun’s 
corona we don’t have many observations 
of the chromosphere. We do know that, 
strangely, the chromosphere is much 
colder than the corona. The plasma in the 
chromosphere is therefore partially ionized
—it has about a thousand times more 
neutral atoms than ions or electrons
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1. The Chromosphere 2. The Problem
The chromosphere is a difficult region to simulate. 
The plasma behaves very differently depending on 
the height of interest. The plasma beta changes 
several orders of magnitude and the plasma changes 
from being dominated by magnetic forces near the 
top and dominated by thermal forces near the 
bottom.

3. The Simulation

Collisional Multi-Fluid Ion (CoMFi) (github: qalshidi/comfi) is 
written from scratch and uses a semi-implicit TVD-MUSCL 
scheme. It is also GPU-accelerated taking advantage of the 
frontiers of scientific computing. The model is a two-fluid 
(plasma, neutrals) collisional MHD model.

4. Results

Preliminary results show a jet forming in the lower chromosphere between the network and internetwork 
regions of the sun. This is caused by frictional heating, the heating due to collisions between ions and 
neutrals. The strong magnetic gradient between the network and inter-network regions causes a speed 
difference between the two fluids and consequently causing friction. This then causes a shock to form and 
the shock steepens making large thermal pressure within the jet driving the jet upward and then out of the 
chromosphere. It was thought that chromospheric jets were only caused by reconnection events and in this 
it’s a thermal effect due to collisions.

Top: Vertical slice of shock front of jet. You can see that the frictional heating (red dashed line) is 
enhanced behind the shockfront.
Left: Time series mosaic of jet shooting from the near the photosphere. The left mosaic is of ion 
density and the mosaic on the right is that of frictional heating.

Analytical solution of the steady-state chromosphere. (Song et al 2014)

: qalshidi
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