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A B S T R A C T . We present resul ts of an inversion procedure t h a t derives t h e tu rbu len t ve-
locity, t h e magne t i c field s t r eng th , and the t e m p e r a t u r e strat if icat ion of t he photospher ic 
layers of solar magne t i c f luxtubes from 10 Fel and Fe l l Stokes V l ine profiles a round 5250 Â 
and from t h e con t inuum con t ras t . T h e free pa rame te r s of two-dimensional magne tohydro -
s ta t ic fluxtube models are de termined by minimizing the difference be tween observed and 
calculated Stokes V p a r ame te r s in an i tera t ive manne r . Resul ts of th is inversion proce-
dure appl ied t o observat ions of a plage and a network region a t disk center ind ica te a 
t e m p e r a t u r e deficit (a t equal geometr ical he ight ) of the f luxtubes a t t he level of contin-
uum format ion and a t e m p e r a t u r e excess a t t he highest levels of line format ion in general 
agreement wi th the la tes t theoret ical f luxtube models . 

1. I n t r o d u c t i o n 

Most exis t ing empir ical models of solar magne t i c f luxtubes have been ob ta ined by fit t ing 
syn the t ic spec t r a from simple f luxtube models to observed Stokes I profiles or syn the t ic 
con t inuum intensi t ies t o t he observed center- to-l imb var ia t ion of t he facular con t inuum 
con t ras t . A few one-dimensional models have been derived from Stokes V observat ions (see 
the references in Solanki, th is volume) . Only in t he l a t t e r case t h e analysis can be performed 
independen t ly of t he spat ia l resolut ion and the filling factor. In this work we present 
empir ical , two-dimensional , self-consistent f luxtube models ob ta ined by an inversion of 
Stokes V l ine profiles. These models t ake in to account t he spreading of t h e fluxtube wi th 
increasing height , t he current sheet , and tension forces, in con t ras t t o earlier models . A 
more precise descript ion of t he inversion procedure and i t s appl ica t ion t o observat ions can 
be found in Keller et al . (1989). 

2. I n v e r s i o n o f S t o k e s V P r o f i l e s 

T h e inversion of Stokes V profiles is based on the de te rmina t ion of a few model flux-
t u b e p a r a m e t e r s by t he i tera t ive least-squares fitting a lgor i thm of M a r q u a r d t (1963). T h e 
free p a r a m e t e r s of t he ax isymmetr ic , magne tohydros t a t i c fluxtube models of Steiner et al . 
(1986) are t h e magne t i c field s t reng th a t opt ical dep th uni ty inside t h e fluxtube B(n = 1), 
t he macro tu rbu lence velocity as a function of t he s t reng th and the exc i ta t ion po ten t i a l of 
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the spectral lines, and the temperature difference between the fluxtube interior and the 
quiet photosphere at equal geometrical height at five grid points. The zero level of the ge-
ometrical height scale is defined at optical depth unity of the quiet photosphere at 5000 Â 
(r e = 1). The horizontal temperature distribution inside the fluxtube is homogenous, the 
microturbulence velocity has a value of 0 .6km s" 1 independent of the height, and the ra-
dius of the fluxtube at re = 1 is 100 km. These models are used to calculate synthetic 
Stokes V profiles which are parameterized such that the chosen parameters vary domi-
nantly with one model fluxtube parameter. The minimization of the difference between 
observed and synthetic Stokes V parameters leads to a determination of the free model 
fluxtube parameters. 

We have selected 8 Fel and 2 Fel l lines around 5250 Â for this inversion procedure. The 
observed Stokes V profiles have been symmetrized around their zero-crossings to avoid com-
plicate fluxtube models that can explain the observed Stokes V asymmetry (Grossmann-
Doerth et ah, 1988b). The following Stokes V parameters have been used: The magnetic 
line ratio (Stenflo, 1973), formed between the FeI5247.1Â and the FeI5250 .2Â Stokes V 
amplitudes, is insensitive to all fluxtube parameters except the magnetic field strength 
and the macroturbulence velocity (Solanki et al., 1987). A 'thermal' line ratio is formed 
between the Fel 5247.1 Â and Fel 5250.6 Â lines (Stenflo et al., 1987). The difference in the 
excitation potential of these two lines is the reason for the sensitivity of this ratio to the 
temperature. The ratios of the areas of the Stokes V wings between the Fel lines and the 
Fel l 5197 Â line depend strongly on the temperature because Fel l lines are rather insen-
sitive to the temperature compared to Fel. These Fel to Fell Stokes V ratios with lines 
of different strength and excitation potential are the main diagnostics for the temperature 
stratification. Note that the Stokes V signal is proportional to the filling factor. Thus, 
ratios of Stokes V amplitudes or areas are independent of the filling factor. When deriving 
the temperature structure of fluxtubes it is essential to include the broadening of spectral 
lines by turbulent velocities (Solanki, 1986). We, therefore, fit the F W H M of the Stokes V 
wings and the distance between the two Stokes V extrema. It was necessary to include an 
estimated continuum contrast of magnetic fluxtubes (1.8; Koutchmy, 1977 even states a 
lower limit of 2) to stabilize the inversion code. The influence of the estimated continuum 
contrast on the resulting model, however, is negligible at the levels of line formation. 

3 . R e s u l t s 

In this chapter we present two-dimensional fluxtube models obtained by applying the in-
version procedure to high spectral resolution Fourier Transform Spectrometer observations 
of a plage and a network region at disk center (Stenflo et al., 1984). When starting the 
inversion procedure from different initial values we obtain nearly the same models; this 
shows that the inversion applied to this specific data set gives unique solutions. Figure 1 
shows the temperature on the axis of the fluxtube model as a function of the optical depth 
and as a function of the geometrical height. The magnetic field strength at r t = 1 is 2400 G 
for the plage and 2160 G for the network fluxtubes. The macroturbulence velocities of weak 
lines are comparable to the values measured from Stokes / profiles in the quiet photosphere; 
however, strong lines show macroturbulence velocities which exceed the values found in the 
quiet photosphere by roughly 2 k m s ~ 1 . This is in agreement with earlier models derived 
from the same data with a different technique (Solanki, 1986). The estimated accuracy of 
the results is 100 Κ for the temperature, 0 .2kms" 1 for the turbulent velocity, and 100 G for 
the magnetic field strength. 
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T h e influence of different micro turbulence velocities, radii of t he fluxtubes, errors in t he 
de terminat ion of t he oscil lator s t reng ths of t he spec t ra l l ines, and different grid point loca-
tions on the resul t ing t e m p e r a t u r e strat if ication have been invest igated and found t o have 
no significance. Due t o N L T E effects t he fluxtube t e m p e r a t u r e in t h e u p p e r pho tospher ic 
layers is only a lower l imi t . 

4 . D i s c u s s i o n 

Most empir ical t e m p e r a t u r e strat if icat ions of fluxtubes have been ob ta ined as a function 
of the opt ica l dep th ; no geometr ical height scale is associated wi th these mode ls . However, 
the t e m p e r a t u r e strat if icat ions of t he models presented in this work have been ob ta ined as 
a function of t h e geometr ical height scale. Th i s is a large advan tage for t he in t e rp re ta t ion 
of the resul ts and the compar ison wi th theoret ica l models . T h e opt ica l dep th scale can 
easily b e computed from the t e m p e r a t u r e and t h e pressure s tar t i f icat ions. Our fluxtube 
models show a t e m p e r a t u r e deficit compared t o t he quiet pho tosphere below ζ = 0 km. T h e 
part ia l inhibi t ion of convective mot ion inside magne t i c e lements seems t o be t h e source of 
this t e m p e r a t u r e deficit. Deinzer et al . (1984) even found a t e m p e r a t u r e deficit of up t o 
3000 Κ a t ζ = —125 km in thei r theoret ica l models . T h e t e m p e r a t u r e excess in t he higher 
layers have recently been explained by radia t ive transfer effects (see F ig . 2b) . T h e hot 
b o t t o m i l luminates and hea t s t he higher levels of t he fluxtubes (Kalkofen et al . , 1988; 
Grossmann-Doer th et al . , 1988a). Our t e m p e r a t u r e s tar t i f icat ions are in good agreement 
with earlier models (see Fig . 2a) derived from the same Stokes V d a t a (Solanki , 1986). We 
confirm t h a t t he fluxtubes in t he network region are ho t t e r t h a n those in t he plage region 
at equal opt ica l dep th and find the same behavior a t equal geometr ical he ight . A l though 
there is now a general agreement between theoret ical and empir ical models we want t o 
emphasize t h a t exist ing theoret ical models cannot explain t he low t e m p e r a t u r e occuring 
around r, = - 2 . 

Figure 1. The plage and network models compared with the quiet solar photosphere at (a) equal 
optical depth and (b) equal geometrical height. 
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Figure 2. The plage model compared with empirical (a) and theoretical models (b) from the litera-
ture. 
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