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ABSTRACT

Sunspots, faculae and the magnetic network con-
tribute to solar irradiance variations. The contribu-
tion due to faculae and the network is important for
understanding solar irradiance variations, but suffers
from considerable uncertainty. We focus our study
on the faculae and the network which produce an in-
crease in the irradiance. Data from the Michelson
Doppler Interferometer (MDI) are employed. Start-
ing from the surface distribution of the solar mag-
netic field we build a mask to detect bright features
and study their contrast dependence on limb angle
and magnetic field. By sorting the magnetic field
strength into different bins we can distinguish bet-
ween different associated bright features. We find
that the contrast of active region faculae and the net-
work exhibits different centre to limb variations, im-
plying that they need to be treated separately when
reconstructing variations of the total solar irradiance.

Key words: solar activity; irradiance variations; fa-
culae; network.

1. INTRODUCTION

There is increasing evidence that the solar surface
magnetic field is the most important driver of solar
irradiance variations on time scales of days up to the
solar activity cycle length (Fligge & Solanki, 2000).
The photospheric magnetic field is bundled into dis-
crete elements (flux tubes) whose diameter ranges
from a hundred kilometers to several thousand. The
brightness signature of these magnetic features is a
strong function of their limb angle and their size (the
large sunspots are dark while small flux tubes are ge-
nerally bright) (Solanki, 1993). Our knowledge of the
brightness of small scale magnetic features (groups of

which form faculae and the network) is very incom-
plete (e.g. Solanki, 1994). We focus our study of the
contrast dependence of faculae and the (enhanced)
network on limb angle and magnetic field because:

— their contribution is important when modelling
irradiance variations on time scales of years, but
is not well known,

— it can be used as a test for flux tube models
(Spruit, 1976; Deinzer et al., 1984a,b; Kndlker
& Schiissler, 1988),

— previous measurements usually have not distin-
guished features by magnetic flux, with a few
exceptions. See Topka et al. (1992) and Topka
et al. (1997) for examples.

In our analysis we use data from the MDI instrument
(Scherrer et al., 1995) on the SOHO spacecraft; their
main characteristics are:

— their continuity and uniformity (no seeing fluc-
tuations),

— data from the magnetograms have a low noise
level.

— the characteristics of the instrument and the
data are well known.

2. DATA AND ANALYSIS PROCEDURE

We have used MDI/SOHO full disk magnetograms
and continuum intensity images taken at A = 676.8
nm for the period February to October, 1999. Inten-
sity has been corrected for limb-darkening effects as
suggested by Neckel & Labs (1994). The employed
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Figure 1. Standard deviation of the 5-minute aver-
aged MDI magnetograms.

magnetograms are averages over 20 single magne-
tograms (taken at a cadence of 1 per minute). In-
tensities are standard 1-minute images; these images
have been rotated to co-align with the correspond-
ing average magnetogram. Care has been taken to
use intensity images obtained as close in time to the
magnetograms as possible. In almost all cases the
two types of images were recorded within 30 minutes
of each other. Therefore, features over the solar disk
superpose on both the magnetogram and the inten-
sity image.

We have carefully determined the noise level of MDI
magnetograms and continuum images as a function
of position. The standard deviation for the magnetic
signal has been calculated using a running 100x100
pixel box over the solar disk, with the exception of
the limbs. A surface is then fitted to the result and
extrapolated to the whole solar disk. The resulting
noise level shows an increase towards the SW limb
probably due to velocity signal leakage. Figure 1
shows the calculated standard deviation (1 omqg) for
the 5-minute averaged magnetograms. The proce-
dure to determine the standard deviation and avera-
ge of the quiet Sun intensity is similar.

Bright magnetic features are identified by setting
a threshold of 30.,,, for magnetic activity (= 18
G) and 3014s below the average intensity to avoid
sunspots. Using both thresholds we build a mask of
the contrast of bright features for each day. In each
pixel, the contrast Cy,, is defined as: .

I(z,y) _Iqs(z!y) (1)

Cfac(m)y) = T ($ y)
gs\T,

where the subscript ¢s means the quiet Sun.

Pixels above the thresholds for each selected day are
put together into a vector of about 6 10° elements,
which gives good statistics of the facular and net-
work behaviour. Contrasts, as well as limb angle
u = cos(f) and magnetic flux are calculated for each
point.

3. RESULTS

Figure 2 shows an example of the contrast mask
mentioned above for October 12, 1999. The mag-
netogram (top) and continuum image (middle) show
the activity present on the solar disk. The mask
(bottom) shows the detected bright features. For
example, sunspots near the NE limb are not evident
in the mask, although it takes into account the fa-
culae surrounding those sunspots. Smaller features
belonging to the network are also pinpointed outside
of the active regions.

12-0ct-1999

Figure 2. Top: averaged MDI magnetogram; mid-
dle: MDI intensity image; bottom: contrast mask for
October 12, 1999.
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Figure 8. Facular and network contrast as a function of p for low (top) and high (bottom) magnetic fields.
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Figure 4. Contrast of “bright” features (contrast > -0.02) as a function of B/p for u = 1 (top) and p = 0.3

(bottom).
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We present the contrast dependence on u, for diffe-
rent bins of B/u, and on B/y, for different positions
on the solar disk. Representing B/u takes account
of the foreshortening effects that cause the magnetic
signal to decrease to the level of the background noise
at the very limb (even if regions with strong magnetic
field are present). Finally, to represent this amount
of data they are binned into groups of 40 pixels before
plotting.

The B/p values are binned in five intervals that range
from threshold level (= 18 G) to more than 200 G.
In figure 3 we present the contrast as a function of
u, for both the lowest and highest B/p intervals. A
second order polynomial has been fitted to guide the
eye and a line indicating Cf,c = 0 has been added
for clarity.

There are clear differences between the behaviour
of the contrast in both cases, one showing features
with the lowest magnetic flux per pixel (top), proba-
bly the network, the other showing features with the
highest magnetic signal (bottom), probably faculae.
Clearly, features within the network show a low and
almost constant contrast compared to that shown by
active region faculae which have a very pronounced
center-to-limb variation (CLV). Note also the negati-
ve contrast around disk center seen for faculae, that
becomes positive when looking at the network.

Figure 4 shows the contrast dependence on B/y,
for positions at disk center (u=1) and at the limb
(1=0.3). The fits are also second degree polynomials.
The contrast at the limb is considerably higher than
at disk centre. At the limb, higher contrasts are asso-
ciated with higher magnetic fields, whereas at p=1
faculae with high fields appear dark, as in Figure 3.

4. CONCLUSIONS

The magnetic network provides an important contri-
bution to irradiance variations that has to be taken
into account in irradiance models. By binning into
different magnetic fields we can distinguish between
different associated bright features. The contrast of
active region faculae and of the network exhibits di-
fferent CLV, implying that they need to be treated
separately when reconstructing variations of the to-
tal solar irradiance.

Stronger magnetogram signals (corresponding to
wider flux tubes on average, see Grossmann-Doerth
et al.,, 1994) appear dark at disk centre, but very
bright at the limbs, while the weakest signals (narro-
west flux tubes) are equally visible at disk centre and
at the limb. This result is in good agreement with
the observational results of Topka et al. (1997) and
with the predictions of theoretical flux-tube models
(Deinzer et al., 1984a,b; Kndlker et al., 1988; Knolker
& Schiissler, 1988) if there is a distribution of flux-
tube sizes present on the Sun. The advantage of the

present investigation relative to that of Topka et al.
(1997) is that by using full disk MDI data we have
a result for a well-defined spatial resolution, so that
any models derived on the basis of these results can
be directly used for reconstructing total and spectral
solar irradiance measered by VIRGO (Frohlich et al.,
1995) without further adjustment.
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