Radiative-transfer modeling
of solar prominences

Petr Heinzel

Astronomical Institute
Academy of Sciences of the Czech Republic

For a review see: Labrosse, N., Heinzel, P., Vial, J.-C. et al. 2010
Space Sci. Rev. 151, No. 4, 243-332



Hinode/SOT

2007- Apr-25
13:06:21

SOT NFI at Ha line center
(bandpass 120 mA)

LOS flows < 20 km/sec

Heinzel et al. 2008
Schmieder et al. 2010




Kippenhahn-Schluter MHS model
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Kippenhahn & Schluter (1957)



* isothermal — isobaric slabs
* 1D slabs in MHS equilibrium
e PCTR included
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radiative and collisional transitions
(two-level atom)
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Multilevel atoms
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Chromospheric and TR spectrum
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Solution of MHS equations using the column-mass scale

dm = —pdz
o _ B
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Solutions:

4
B.(m) = ——ﬂgm + const

B,
47 M
B.(M/2) =0 = const = B—Zg?
drg M
B. - —(— —
(m) = F2G —m)
dp 4Amg* M

p(m) = B2 (7"1 T) + const
m m
p(m) = 4pe (11— 77) + mo

po is the coronal pressure at the slab surface m =0 orm = M



Poland & Mariska scenario
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Magnetic-field structure
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2D maps of the magnetic field
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Prominence magnetism and Hanle measurements — see also review
by Lopez-Ariste and Aulanier (2007)
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Temperature and density variation in x—y plane
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Temperature structure
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Temperature and

density structure

Density structure
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T(m,y) = Teen(y)+[Ttr—Tcen(y)] {1 —

The central temperature Tcen(y)

Teen(y) = Tir — (Ttr — To) (1 - ‘%
Ttcen (y) - Ttl’

~v1 and «o> are chosen parameters.
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2D models

Heinzel and Anzer (2001)



2D multi-thread models with LOS velocities

LOS thread
vel. #

1

|
I 2
I

Gunar et al. 2008




Integrated
Intensities
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3D NLFF magnetic dips (Gunar et al. 2012)



Radiative equilibrium

o
4

H,, is the radiation fluz (first-moment of the radiation intensity). The total
flux must be conserved.

Equivalently, we can write:

/ H,dv = const = —T% (1)
0

| 0wt = md = [, - 8, =0 2)

This integral is also called the net radiation loss function. .J, is the mean
radiation intensity or zeroth moment.
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IRIS
Mgll k and h lines
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Ha disk observations

Lin et al. (2003, 2005)
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