Two approaches to plasma physics



Plasma... composed of many particles

Focus on a selected local region — Kinetic approach

Focus on the whole region — Fluid approach
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Kinetic approach

— study microscale processes, the behavior of particles

Fluid approach

— study macroscale processes, the behavior of fluid elements*

*Fluid element... a virtual object containing a number of particles; most
of the particles keep staying inside the element (=>
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Typical scales used in both approaches...

Kinetic approach... particle is a fundamental object (its internal structure is not considered)

Typical scales:

Length... L, (Debye length)

e.g. 1 cm for a solar coronal plasma

th @

@ Local charge neutrality Time... L,/ v.,~1/v, (plasma frequency)
k,T

©  may be broken. e.g. 5 x 1077 s for a solar coronal plasma
V= \ T, : thermal speed

Fluid approach... fluid element is a fundamental object (its internal structure is not considered)
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< system > Typical scales: e
Length... L., (system size) o ﬂ
> e.g. 100,000 km ~ 10° m for a coronal loop
v i
Va Time... Ly / V4(Alfvén speed)
e.g. 100 s for a coronal loop (va ~ 1000 km/s)
v, = B : Alfvén speed




Characteristic scales of plasmas (particle-based scales)

E-related scale

B-related scale
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Emergence of magnetic fields
into the solar atmosphere

(flux emergence)



Magnetic fields play important roles in producing solar dynamic
phenomena.

« Cyclic amplification of magnetic fields in the solar interior (dynamo)
=> Produces long-term activity variations known as solar cycle

« Transport of magnetic fields through the convection zone (magnetoconvection)
=> Lifts magnetized plasmas against solar gravity via magnetic buoyancy

|« Emergence of magnetic fields into the solar atmosphere (flux emergence)
=> Forms magnetic structure on the Sun (e.g. sunspot, prominenceffilament, sigmoid)

« Diffusion of magnetic fields in the solar atmosphere (release of magnetic energy)
=> Produces explosive phenomena via magnetic reconnection (e.g. flare, jet, coronal heating?)

« Ejection of magnetic fields into the interplanetary space (removal of magnetic fields
from the Sun)
=> Produces outflow/eruptive phenomena (e.g. solar wind, coronal mass ejection)




A magnetic flux tube emerging into solar atmosphere
expands rapidly due to sharp decrease of gas pressure
across solar surface (photosphere).
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... a very dynamic process

A dynamic, time-dependent model is required to study this processs.
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initial state
(Highly Twisted case)

A twisted flux tube is initially placed
below a solar surface.

The flux tube then starts to rise via
magnetic buoyancy.

After emerging to the surface, the flux
tube expands rapidly to form
magnetic structure on it.
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