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Here we present a method for reconstructing the intensity profile, |, formed in the magnetic etements which
heve diameters smaller than the best presently achiewvable spatial resolution. It foltows the same line as in
Solanki and Stenflo {1984). As a starting point we use | and V {fourth Stokes parameter, which originates
only In magnetic regions) of the facule and the | observed in the quiet Sun, The filling factor, and the ra-
tio between the continuum intensity of the magnetic and non-magnetic parts of the photosphere can be ob-
tained indirectly. For that purpose only the Unno equatlons, & triplet Zeeman pattern, a longitudinal magne
tic fleld and a two-componpnt model are needed. The method has been applied to. some Fourier transform
spactrometer (FTS) date (Stenfic et al,, 1984) with promising results. As the absolute continuum iIntensities
are unknown, rendering inaccurate the evaluation of the filling factor and the continuum contrast, only the

normalised I profile is obtained.

1. INTRODUCTION

Nowadays It Is generally accepted that both network
end faculase are composed of a magnetic component, with
8 discrete character, and 8 non-magnetic one, very often
assumed to be simliar to the quiet photosphere, although
It could be slightly darker according to several calcula-
tions (Deinzer et al., 1984). For a review see 6.g.
Stenflo (1984). The main problem when trying to study
the properties of magnetic slements Is thelr smail size
(fess than 0".2 if one sssociates them with the facular
bright points observed e.g. by Mehitratter, 1974}, which
makes them unresolvable for spectroscopic observations.
For this reason a polarimetric analysis must be done in
order to separste both componants,

Up till now, several properties of these magnetic ele-
ments have been obtalned from the flrst order approxima-
tlon to their Hne profiles {Solanki and Stenflo, 1984; 1985),
However, the true spectral line shape hes not yet been
found for lines with a sizesble Zeeman splitting snd if it
were it would be a very powerful tool for the dlagnosis
of the magnetic atmosphere, Here we present a very
simple method to obtain the intensity profile of Fe | 5247
and Fe | 5250 inside the fluxtubes, which clesrly reveals

“the differences between the magnetic elements and their

non-magnetic surroundings.
2. THE METHOD

In order to facilltate the analysis, several assumptions
must be made. Those made by us and which are usual
in studles of this sort are:

(1) The magneatic fleld points towards ths observer

(lengitudinal fietd).

(2) The studied lines behave ss normal Zeeman triplets.

(3) The lines are formed In local thermodynamic equlli-
brium,

(4) The strength of the magnetic field Is constant over
the helght range in which the spectral llnes are
formed,

In our case the Unno equations (Unno, 1956) are valid.
Furthermore, under these conditions the system of transfer
equations can be reduced to two Independent transfer
squations, one for InpV and another tor 1 -V {I and V
are the first and fourth Stokes parameters, respectively.
Note that I represents the Stokes | profile arising in the
magnetic region only). Both have the same solutfon but
are separated In wavelength by twice the Zeesman splitting.
The result Is even valid In the presence of a velocity field,
For a purely longitudinal fleid, magneto-optical effects
need not be taken Into account, since the respective terms
in the transfer equation vanish (see e.g. Wittmann, 1974),
Therefore equation (1) Is felrly general:

O - (,-V)3 (W) = F (a+a1), (1.a)

U = (UatVIT ) = F (4 -an), (1. b)
whare 8A = constant lez.g.B (A ls the central wavelength
of the transition, g the Lanclu_? factor, B the magnetic
field strength}, and 1, is the continuum Intensity of the
magnetic reglon. We have assumed the V profile to ex-
hibit no area asymmetry,

F(X) Is a function which coincides with the intensity
profite of the line In the case of zero Landé factor,
it follows directly from equations {1) that

Uom= 'm) (A} = 1/2 [F(a+ 80 « F(x -80)], (2. @)

V{A) = 1/2 [ F(aa8)) - F{x -aa}]. (2. b)

The Fourler transform {(we use the definition of
Bracewell, 1965) of the last equations leads to

(IOM-—’_ Im) {s) = F(s) cos{2m sa2), (3. =)
Vis} = F(s) | sin(2 aran}, (3. b}

where F(s) is the Fourier transform of the function F(.).
In principle one can reconstruct (I - Im)(s) and after-
wards (lom - Im) ()} as follows:

(15 71,0(s) = Vis) cos(2n sax)/[) sin(2n sar)] (4)

in the cese of a not completely antisymmetric V pro-
file V(s) Is complex, which wiil lead to a certaln asy-
mmetry in I{3) as well. The megin problem with this re-
storation of the Intensity profile, which comes directly
from magnetic elements, is the presence of zeros in the
denominator. MNevertheless, this difficulty can be over-
come by using two Identical lines in their thermodyna-
mic properties but with different g factors. In this case,
one can rewrite equation (4) as

cos(2nsax)) (s)

r— ——
(0 - 'm) {(s) = (V‘4V2)(s)
i i[sin(znsaa Josin(Bsay,))

om

] =1, 2

and then, if the ratio between their Zeeman shifts is not
B ratio between Integers, the denominators naver vanish,
except for zero frequency. In (5) it has been Impficitly
essumed that both lines have the same centra! wavelength,
The reconstruction obtained making use of equation (5) is
stitl affected by the lack of knowledge on ths continuum
and the flliling factor, This problem afflicts also ail othet
possible schemes for the reconstruction of the iy, profile
from averaged data. Agaln the problem can be sluded
with a new hypothesis: a two-component model



Ma) = o 1 (2} + (1 -a) 1), (6)

where | Is the average Intensity profile In the plape, o the
filling factor, and 's the the non-magnetic intensity pro-
file,

'rn can be decomposed ss

al = al

m om ~ n“om- 'rn)' m

in which lgm Is the continuum Intensity In the tube and
a (lgm- l,-:} the proflie obtained by means of (5).

Assuming Iy to be the qufet photospheric profile, all
the quantities in equation (6} are known except the ton-
tinuum Intensity and the filling factor, Acccording to
Teble 1 of Schissler and Solankl (1987) this sssumptlon tis
reasonable, elthough not completely correct. Using a sim-
ple lesst-squares fit, the equation wlll provide the last
two parameters {l.e. o and I om! required for the fult
magnetic profile. We wish to warn that the @ and lom
values so determined do not necessarily correspond to the
true velues of these quantlties, as long as we do nol know
the true ls(JJ profile,

3. TESTING THE METHOD

The mathod explained sbove has been epplied to some
FTS data (Stenflo et al., 1984} using the spectra!l flnes
Fe 1| 5247 end Fe ) 5250 which meet the required condi-
tions (Stenflo, 1973}, Although the S/N ratlo of the data
mekes them suitable, a new problem arlses; the specttum
hes besn normellsed and the information about the absclute
Intensity of the contlnuum has been fost. This fact does
not ellow sn sbsolute determination but, Instead, provides
a normallsed profile, The value of the magnetic fleld
strength needed in equation (5} has been oblalned via a
simplifled version of the Line Ratic Method (Sdnchez
Almelda, 1967),

Figures 1 and 2 show the observed profiles together
with the reconstructed | In the tubes, Flgures 1 corres-
pond to a B~1200 G. This reglon has & V signal 4.5
times stronger than the reglon of Figures 2, for which a
fleld ~1000 G has been used. Flgures 1a and 2a corress.
pond te Fe | 5250 the ilne with larger g for which the
Zeeman splitting can be ciearly distinguished. Figurs 1b
and 2b are for Fe | 5247, with smaller Zeeman splitting,
Figures 1c and 2c show both flnes as If they were not
sensitlve to the magnetle flald (g=0). A velocity field s
apparent from the asymmetries {although slightly different
In both plages) but the general shape end the equivalent
width (40 mA) Is preserved. Note that, es.the observed
V proflies are asymmetric, similar corrections to those
made by Sclankt end Stenflo (1984} have to be carrled
out In order to plece the continuum on both sides of the
reconstructed proflle at the same tevel,

4. CONCLUSIONS

Spectroscoplc analysis of the light coming from en
atmesphere Is & powerful tool for revealing Its proper-
ties. The problem when using conventional spectroscopy
for solar fluxtubes Is thelr unresolved character: magnatic
end non-magnetic reglons of a plagse have to be observed
83 a whole, WIith the alm of obtaining the true intensity
spectrum of an unresofved tube, we have developed a sim-.
ple method which can reconstruct the Intensity genersted
in the megnetlc component. Only observed parameters
ere used: intensity and clrcular potarlzation in the plage
end Intenslity in the quiet photosphers. The technique
mekes use of two tlnes Identlcal In thelr thermodynamie
properties but with different Landé factors. This Is just
the cese of Fe | 5250 and Fe | 5247, which are used and
thelr proflles restored.

The test of the techniqus wilh experlmental data shows
Its apptlcabliity and power,

On the other hend, two reconstructed proliles, from

two different plages (one shows a clreular polarization
4.5 tlmes smaller than the other}, {ock very similar. The
lines sppesar weakened and a velocity gradient Is also
appreciable from thelr asymmetries.
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© Figure 1: Reconstruction of the intensity profile in the
i | fluxtubes of a strong plage: B ~1200 G. {(a) Fel 5250
N {g = 3) Is shown from a guiet region (O ), from the
S J | plage (o) and the reconstructed fiuxtube proflle {+) in
. which the Zeeman splitting is clearly visible. (b) The
o° M same for the second line Fel 5247 with g = 2. (¢) Here
L3 are shown quiet Fel 5250 {D ) and Fel 5247 (o) together
-. i with the "tube' profile if g were zero. It can bas
— appreciated that a significant weakening and a velocity
3 gradient are present.
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] Figure 2: Intensity profile reconstruction of enhanced
. i network fluxtubes (the V signal Is 4.5 times smallar
8 ! than in the strong plage} for which B -1000 G. The
" same symbols are used as for Figure 1,
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