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1 Introduction

The subject of this work is related to the LWS
2006 TR&T Focused Science Topic “Solar Ori-
gins of Irradiance Variations”. Measurements
of solar irradiance over the solar spectrum have
now established conclusively that solar irra-
diance varies on time scales from minutes to
the solar activity cycle. Considering the solar
physics and climate implications of irradiance
variations, considerable efforts have been put
forward to model and predict the observed ir-
radiance changes, however, their physical ori-
gin is not yet well-understood. This research
effort addresses the following three fundamen-
tal problems to better understand the physi-
cal processes by which solar magnetic activity
causes these variations:

1. Origin and evolution of sunspots, active
regions, and activity complexes

2. Energy balance of active regions

3. Detection and parametrization of weak
magnetic fields outside of active regions

To achieve these goals, we will work with
the full disk and high resolution images taken
by the “Michelson Doppler Imager” (MDI) ex-
periment on SOHO (Scherrer et al., 1995). To-
tal irradiance observations are available from
the SOHO/VIRGO (Frohlich et al., 1997),
SORCE/TIM (Lawrence et al., 2000) and
ACRIM III (Willson and Mordvinov, 2003)
experiments. Solar spectral irradiance from
the UV to infrared has been measured by the
SIM experiment on SORCE in the 200 nm to
2,700 nm range (Harder et al., 2000; 2005),
while the VIRGO experiment spans the solar
spectrum at selected narrow band wavelengths
at 402, 500, and 862 nm (Frohlich et al., 1997).
Measurements of UV irradiance are provided

by the UARS/SOLSTICE and SUSIM experi-
ments and from various NOAA platforms.

Although the main objective is to re-
veal the physical origin of irradiance variations
based on the three targeted research areas, this
work will also help to further develop and com-
plement currently available methods (as de-
scribed by Turmon et al., 2002), to analyze
MDI images. In addition, it will also lead to
new tools to analyze the images to be obtained
by the “Heliosesimic and Magnetic Imager”
(HMI) investigation on SDO, the first satellite
in the series of the forthcoming LWS missions.

1.1 Proposed Research

When decomposing MDI images, StarTool,
developed specifically to analyzing MDI im-
ages, uses both full-disk (1024% pixels) mag-
netograms (level 1.5, about 15 per day), and
quasi-white-light photograms (level 2.0, about
4 per day). It handles image preprocessing,
synchronization, and registration. Note that
we recognized that analyzing magnetograms
alone is not sufficient to correctly recognize
sunspots and faculae since magnetic field values
between 25 and about 400 Gauss in MDI unit
may cause either sunspots or faculae (Turmon
et al., 2002).

In analyses to date, we have concentrated
on three specific structures: sunspots (umbra
and penumbra), faculae, and background (the
so-called quiet-Sun/network). These structures
are relatively easy to identify consistently in
sample images, which facilitates model selec-
tion. Figure 1 illustrates how this is done. Re-
sults of this image decomposition and irradi-
ance changes are presented in Figure 2.

However, with the current version of Star-
Tool and using the full disk MDI images, the
weak magnetic network structures cannot be
identified well, and these weaker structures are
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Figure 1: Synchronized full disk magnetogram and photogram, with scatter plots of sites within
the two indicated regions. The top two panels are details from a magnetogram and a photogram;
the photogram was taken at 17:58 UTC on September 7, 1997 and preprocessed to remove
various instrumental effects; the magnetogram has been synthesized from bracketing one-minute
magnetograms taken at 6:24 and 19:11 UTC on that day. The selected regions are “255x725”.
The scatter plots of data for the two indicated subregions are in the bottom panels. The bipolar
spot (left panel) shows clearly as having lower intensity, and the penumbra is visible at the knee
of the plot. Most encouraging, the brightness enhancement of the decayed facula (right panel),
far from the limb at p = 0.81, is clearly visible, increasing with magnetic flux strength. The
maximum brightness enhancement amounts to about 3-4% of the nominal intensity level. They
also show how various region types, here faculae and sunspots, may be identified on the basis of
the joint observables, but not either alone. Plot is updated from Turmon et al. (2002).



SOHO/VIRGO and MDI Results

Total Irradiance and Spot, Faculae Area
6 T T T T T T

—— VIRGO TSI
MDI Spot Area
— — - MDI Faculae Areg

Normalized Time Series

0 250 500 750 1000 1250 1500 1750

Data between May 19, 1996 and September 28, 2000
SOHO/MDI Results

UARS/SUSIM Mg c/w Ratio and Faculae Reconstruction
3 T T T T T T T

—— SUSIM Mg c/w
~ MDI/Faculae Area

Normalized Time Series (ARbitrary Units)
N
T
L

0 250 500 750 1000 1250 1500 1750

Data between May 19, 1996 and September 28, 2000

Figure 2: The upper panel shows the VIRGO
total irradiance and the area of sunspots and
facula; the lower panel shows the SUSIM
Mg ¢/w and the facular areas derived from the
MDI images. As can be seen, the sunspots
correspond well to the temporary dips in to-
tal irradiance. Both the rotational and solar-
cycle-related variations of the MDI faculae are
in good agreement with those of the Mg ¢/w
ratio, which is considered as a good indica-
tor of the UV irradiance variability (Heath and
Schlesinger, 1986; Floyd et al., 2002). These
results indicate that the StarTool automated
image processing software provides a powerful
tool to extract and characterize sunspots and
faculae from the MDI images.

classified into the quiet Sun or background
structures. To identify and characterize the
weak network magnetic components, as a first
step we need to properly define and identify the
quiet Sun values. For this purpose, we apply
the results gained from the “standard instru-
ment distribution curve” technique — as used
to analyze to Mt Wilson magnetograms (Ulrich
et al., 2002. Since StarTool uses both the mag-
netograms and the intensity images to extract
features from the MDI images, these “standard
instrument distribution curves” need to be de-
rived from the continuum images as well. In
this way, we can derive the necessary param-
eters for the quiet Sun values from the high
resolution MDI images and these parameters,
together with the currently available parame-
ters for faculae and sunspots, would define the
MDI weak field structures. Technically, the
weak field parameters will be determined by
the maximum magnetic field and intensity val-
ues of the instrument distribution curves and
the minimum values for the already identified
faculae.

1.1.1 Science Plan

1.1.2 Specific Research Tasks

Research Task 1: Origin and Evolution of
Sunspots, and Active Regions, and Their
Relation to Spectral Irradiance Varia-
tions

Within this research task, we examine the effect
of sunspots and faculae on spectral irradiance
at different portions of the solar spectrum as
measured by SORCE/SIM, and will compare
these variations to those of observed in total
irradiance.

As part of the work, we will identify the
sunspot-related dips and the faculae-related en-
hancements in the SIM spectral irradiance at
various wavelength bands and will compare the
amplitude of these dips relative to each other
and also relative to T'SI. Since radiations at var-
ious wavelengths are emitted from various parts
of the photosphere and chromosphere, this in-



vestigation will give us information about the
energy deficit caused by sunspots at various
photospheric/chromospheric heights.

As a next step, we will examine whether
and to what extent evolutionary effects play a
role in the observed irradiance changes. Fur-
ther, we will examine the facular areas around
spots with different magnetic configurations
and related irradiance dips; and we will com-
pare the facular/spot area ratio with the am-
plitude of the dips as a function of wavelengths.
This information will give us a further insight
about the relation between the active regions
evolution and related irradiance dips.

Research Task 2: Energy Budget of
Active Regions and Spectral Irradiance
Variations

Work on this research task will be built on
the results achieved within the above-described
research efforts. Study of the intensity of
sunspots and faculae based on the MDI con-
tinuum intensity maps will allow us to directly
compare the energy deficit due to sunspots and
irradiance enhancements due to faculae. The
intensity values of each sunspot and faculae
within the same active region will be recorded
and their energy deficit and excess flux will be
calculated to estimate the energy balance of ac-
tive regions. The deficit and excess flux values
will be compared during the different evolution-
ary stage of active regions.

Integration of the sunspot deficit and facu-
lar excess flux over the lifetime of an active re-
gion will also help to clarify whether the energy
blocked by sunspots is re-radiated by the fac-
ulae (Chapman, 1987) or are additional mech-
anisms at work to store the energy deficit due
to sunspots. Therefore, study of the energy
budget of active regions will provide important
information about the mechanism of the for-
mation of active regions and related irradiance
changes.

Research Task 3.: Detection and
Parametrization of Weak Magnetic Field
Structures and Spectral Irradiance Vari-
ations

The detection and parametrization of the weak
magnetic fields from the MDI images will follow
the method developed by Ulrich et al. (2002)
using the Mt. Wilson images. The actual mag-
netic field on the solar surface is highly inho-
mogeneous and the Mt. Wilson system mea-
sures only one specific function which depends
on spatial averages of this field. Although the
Mt. Wilson system does not attempt to achieve
high enough spatial resolution for a direct mea-
surement, this system has a high photon flux
due to the large size of its critical optical ele-
ments that permits the detection of very weak
magnetic fields by their diluted effect within
the resolution pixel. In fact the sensitivity is
such that the addition or removal of a single
magnetic flux tube with properties deduced by
Keller (1993) produces a detectable change in
the magnetic field measured by the Mt. Wilson
system. The MDI images will be analyzed in a
similar fashion.

We note that according to former plans,
we have combined the MDI and Ca K images
from the PSPT instrument in Rome to iden-
tify the network component. Specifically, the
network itself would have been identified from
the PSPT (or any) Ca II K images (i.e., Er-
molli et al., 2003), and the Ca K network would
have been extrapolated back to MDI. As a next
step, the total network area and pixel intensi-
ties would have been calculated from the MDI
images. Although this method is feasible (see
also Ortiz et al., 2002), it has a limitation, due
to the fact that at this point of time we have
to compare the space-borne MDI images with
ground-based Ca K images which are subject
to the atmospheric transparency changes, not
only over time, but in many cases even during
the observational sequence.

The method based on the standard in-
strument distribution curves as a reference to
ideally quiet-Sun conditions, provides a com-
pletely different approach. However, cross-
comparison of the results achieved by the two
techniques will be necessary and it will help
to validate results of other image processing
programs when the network component is esti-



mated from Ca K images (e.g., Ermolli et al.,
2003), and will also help to clarify to what ex-
tent the method proposed here is capable to
recognize and parametrize the weak network
component.
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