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ABSTRACT

In order to determine to what extent solar surface
magnetism affects solar irradiance we need to recon-
struct the irradiance from magnetograms. This pro-
cess requires the use of model atmospheres. Here we
present two model atmospheres describing faculae in
active regions and the network. The models have
been constructed such that they reproduce various
data sets simultaneously.
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1. INTRODUCTION

The final aim of the current project is to calcu-
late solar irradiance variations making use of plane-
parallel 1-component model atmospheres represent-
ing quiet Sun, sunspot, network, and facular regions.
Although sunspot and quiet Sun models of good
quality are available, there is still considerable room
for improvement for models of faculae and the net-
work. We distinguish between faculae and the net-
work by the spatially averaged field strength, with
faculae being associated with large and the network
with smaller spatially averaged field strength. For
example, previous reconstructions (e.g. Fligge et al.
2000a,b) used only a single model (constructed by
Unruh et al. 1999) to describe both these compo-
nents. There is, however, mounting evidence that the
thermal and radiative properties of the flux tubes un-
* derlying these features are different (Solanki & Sten-
" flo 1984; Solanki 1986; Topka et al. 1997; Ortiz et al.
2000). In this work we present separate network and
facular models based on contrast and flux observa-
tions. In order to calculate fluxes, intensities and
contrasts of each of these components, we employ
the Kurucz’s ATLAS9 spectral synthesis code (Ku-
rucz 1992a,b,c) that takes into account up to 58 mil-
lion lines by means of opacity distribution functions.
We neglect non-LTE effects.

2. THE 3-COMPONENT MODEL (PREVIOUS
WORK)

Fligge et al. (2000a,b) have reconstructed the solar
irradiance variations based on a 3-component model
describing quiet Sun, sunspots, and faculae. The
surface distribution of the solar magnetic field is ex-
tracted from full-disk magnetograms obtained by the
Michelson Doppler Interferometer (MDI) onboard
the Solar and Heliospheric Observatory (SOHO) of
ESA and NASA. In the following we present first
steps towards the modelling of facular regions.

3. CONTRAST OBSERVATIONS

MDI observations by Ortiz et al. (2000) (cf. Topka
et al. 1997) show that the centre-to-limb variation
(CLV) of the facular contrast relative to the quiet
Sun depends on the magnetic flux per pixel (see

Figure 1).
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Figure 1. Contrast as a function of p for two differ-
ent bins of B/u (Ortiz et al. 2000). A second order
polynomial has been fitted to the data (solid curve).
I9, I™, and If are the intensities of the quiet Sun,
network, and the faculae, respectively. a Contrast of
features with low magnetic fluz per pizel (network).
b Contrast of features with high magnetic flur per
pizel (faculae).

Therefore, facular regions should be described by
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Figure 2. Contrast as a function of pu for eight different bins of B/u (Ortiz et al. 2000). We have only plotted
the second order polynomial that has been fitted to the observed data (solid curve). The dotted curve shows the
linear combination of the network (n) and the facular (f) data.
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Figure 8. Facular contrast vs. u (panel a), facular contrast normalized to its value at 525 nm vs. wavelength
(panel b), and relative flur vs. wavelength (panel c) of two facular models (solid and dotted curves). One
model (solid) fits well the contrast observations- but fails to produce a reasonable UV flurz. The second model
deviates from the CLV of the contrast near the limb, but produces a more reasonable UV spectrum. Both models
reproduce the wavelength dependence of the contrast. As a compromise we employ the second model (dotted) in
the following. :

© European Space Agency ¢ Provided by the NASA Astrophysics Data System


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?2002soho...11..231W&amp;db_key=AST

o
-
o

0.05 1

0.00

Network contrast (/*-I9)/1%

02 04 06 08 1.0
s

Relative flux (F"—F9)/F¢

233

10.0000 f
1.0000 ;E :
0.1000 "“'v
o.o1ooh

0.0010

0.0001 [

200 400 600 800 1000
wavelength (nm)

Figure 4. Network contrast vs. pu (panel a) and relative flur vs. wavelength (panel b) of two network models
(solid and dotted curves). Again a reasonable UV fluz is only obtained when increasing the contrast considerably

for small p (dotted curve).

multiple model atmospheres. We construct two
facular models, one describing the network (Fig-
ure la), the other describing active region faculae
(Figure 1b). The distinction is actually between
regions with low and high spatially averaged field
strength, but we refer to them as network and active
region faculae for simplicity. The CLV of faculae
with B/u values outside the ranges given in Figure 1
can be represented by a linear combination of these
two models

c¢(B/u) = w*(B/u)- " +uw'(B/u)-¢F, (1)

where c is the contrast relative to the quiet Sun, B
is the magnetogram signal, 4 = cos(6) is the he-
liocentric angle, and w is a weighting factor. The
superscript ‘n’ stands for network and ‘f’ for faculae
(see Figure 2).

4. FACULAR MODEL

The facular model is constrained to reproduce the
CLV of the contrast (dots in Figure 1b and Figure 3a)
observed by Ortiz et al. (2000) plus the spectral vari-
ation of the contrast near u = 0.25 (diamonds in Fig-
ure 3b) observed by Chapman & McGuire (1977).

In Figure 3 we give the contrast and the relative flux
of two possible facular models. The model atmo-
sphere (solid) that fits the observed contrast well fails
to produce a reasonable UV flux. To obtain a more
realistic flux we choose the second model (dotted) to
describe faculae in the following although we had to
increase the contrast near the limb.

5. NETWORK MODEL

The network model is required to reproduce the CLV
of the contrast (dots in Figure 1a and Figure 4a) ob-
served by Ortiz et al. (2000). The data of Chapman

& McGuire (1977) refers to strong faculae and has
therefore not been employed to constrain the network
model.

We see in Figure 4 that a large enough UV flux is
only produced with a high contrast close to the limb.
Therefore, we employ the atmosphere correspond-
ing to the dotted curves in Figure 4 as the network
model. Note that the contrast at x4 < 0.3 is not con-
strained by the MDI data for the low field case (no
data points above the noise).

6. RELATIVE FLUX VARIATIONS

The relative flux (or relative irradiance) variations
between solar-activity maximum and minimum as a
function of wavelength can be written as
AFy _ (1-of —a®—a°)F}
o Fy
+ ofFf + o®F} + o°F§ — F}}
Fy ’

(2)

with F}, i € {q,f,n,s} being the fluxes of the four
different model atmospheres. To derive Equation 2
we assume that during the activity minimum the flux
can be described by the quiet Sun model atmosphere.

The relative flux variations are given in Figure 5.
The dotted curve shows the UV data as compiled by
Lean (1997) for wavelengths smaller than 400 nm.
The solid curve is our 4-component model fit (see
Equation 2), assuming a global facular filling factor
of of = 4%, a network filling factor of o® = 8% and
a spot filling factor of o = 0.23%. With these global
filling factors the total irradiance variation

AF®©t [ AFydA
Fiot —  [Fldx

®3)

comes out to be 0.1 %, which is consistent with
the Active Cavity Radiometer Irradiance Monitor
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Figure 5. Relative fluz (or relative irradiance) varia-
tions over the solar cycle vs. wavelength. The dotted
curve represents observations (Lean 1997) for wave-
lengths shorter than 400 nm. The solid curve shows
the relative irradiance variations resulting from a 4-
component model with global filling factors at maz-
tmum of 4% (faculae), 8% (network), and 0.23%
(spots). The total irradiance variation predicted by
the model is 0.1%. We have used the facular and net-
work models producing the dotted curves in Figure 3
and Figure 4.

(ACRIM, Willson & Hudson 1991) and the Earth
Radiation Budget (ERB, Kyle et al. 1994) measure-
ments.

7. DISCUSSION

We have shown that the network and the facular
model atmospheres can, within limits, reproduce var-
ious data sets simultaneously. In particular, our
model can reproduce the relative flux variations be-
tween maximum and minimum of the solar activity
cycle with a reasonable choice of filling factors. This
supports the idea that the irradiance variations are
mainly caused by magnetic fields at the solar surface.

We find, however, that it is impossible to model the
near-limb behavior of the contrast together with the
strong increase of the flux in the UV. This might be
due to the fact that our plane-parallel 1-component
models neglect the geometry of the magnetic ele-
ments. A consistent treatment of flux tubes (which
are the basic magnetic structures underlying network
and active region faculae) would naturally lead to a
decreasing contrast of faculae towards the limb be-
cause of the decreasing visibility of the hot wall there
(Spruit 1976).

Next generation models need to incorporate flux tube
physics in order to simultaneously reproduce the
CLV of the contrast and the UV spectral variation.
In addition, there is a need of further observations to
constrain the upper photospheric layers of the mod-
els better.
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