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In preparing this report, which covers the period July 1, 1987, to June 30, 1990, close
collaboration has taken place between the two solar commissions (10 and 12), in order to avoid duplication
and to ensure that appropriate topics are treated. Further information on solar physics may be found in the
report of Commission 12. It is a pleasure to thank the reviewers who wrote the different sections of this
report, which demonstrate the active and lively state of our subject. Unfortunately, two topics that we had
hoped to include, namely "active regions” and "solar activity from space observations”, were unable to be
completed in time, but they are to some extent covered in Sections 7 and 6.

1.
(P Maltby)

The interest in investigations of sunspots extends outside solar physics. One reason is that it
involves studies of the effects of a magnetic field, a topic of general interest in astrophysics. During the
period 1987-1990 few scientific meetings concentrated on sunspots or the solar cycle (Wilson,
1987,1988). However, research on sunspots was a topic at several meetings, such as, on the Sun (Hejna
and Soboka, 1987) the photosphere (Stenflo, 1990), the fine-scale magnetic fields (Schroter et al., 1987),
secular solar and geomagnetic variations (Stephenson and Wolfendale, 1988).

1.1~ SUNSPOT PROPERTIES

Studies of the Mount Wilson white-light plate collection show that the sunspot umbral areas are
distributed lognormally (Bogdan ez al., 1988). The Greenwich photoheliographic results 1874-1976 as
well as the first catalogue prepared in Debrecen (Dezso et al., 1987) are discussed by Dezso (1987). The
well known Maunder's "butterfly diagram" displays the distribution of sunspots/sunspot groups in time
and in heliocentric latitude. Until recently studies of the pattern in solar longitude have been given less
attention. Evidence for the existence of opacity sources other than H- in the visible umbral spectrum were
given by Baranovskij and Shcherbakova (1987). Chou (1987) claimed to have detected an intensity
difference between growing and stable sunspots. It should be noted that extremely good observing
conditions, combined with a proper stray light correction method are required to determine with any
accuracy the intensity and other physical parameters of small to medium size sunspots. Spectrophotometric
analysis of small sunspots suggests higher temperatures than in cold sunspot models according to
Stellmacher and Wiehr (1988). The observed fine structures of umbral dots (Garcia de 1a Rosa, 1987) and
penumbral filaments (Shine et al., 1987; Collados et al., 1988) show dynamics in structures with
dimensions comparable to the scale height. The diagnostics of sunspot regions from visible and UV
observations were reviewed by Lemaire (1987). The diagnostic value of the molecular VO bands was

discussed by Singh and Chaturvedi (1989)-

Measurements of the umbra/penumbra area ratio and of sunspot and plage intensities have been
carried out by Lawrence (1987) with the intension of clarifying the effects of sunspots on solar irradiance
variations. Further discussions are given by Hudson (1988), Frohlich and Pap (1989), Intermediate-term
solar periodicities have been studied and the 155 day period is reported to be present in flare activity, the
sunspot blocking function, the 10.7 cm flux, and the sunspot number (Lean and Brueckner, 1989). In
addition a 216 day periodicity has been noted (Hoegy and Wolff, 1989) in the Pioneer Venus Orbiter
measurements of solar EUV radiation.

1.2 MAGNETIC FIELD

Interpretation of magnetic field observations demands an understanding of the theory of spectral line
formation in the presence of a magnetic field. Considerable efforts have been devoted to the solution of the
Unno-Rachkovsky equations, including the magneto-optical effect (Ye and Jin, 1987; Rees er al., 1989;
Landi degl'Innocenti, 1987). The sunspot magnetic field is observed to be coaligned with penumbral
filaments (Bachmann, 1988). New measurements of the magnetic induction and field inclination have been
presented (Lites et al., 1989; 1990; Lites and Skumanich, 1990), and the effects of noise on sunspot
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magnetic field measurements have been pointed out by Linke and Utrobin (1990). Methods giving
information about the magnetic field in the corona include the use of the vertical gradient of the field
(Hofmann and Rendtel 1989; Gusejnov, 1988), the deviation from a potential field (Hagyard, 1988; Linke
et al., 1989), and from force-free models (Lin and Wu, 1987).

Increased accuracy in the observations of the penumbral magnetic field is possible through
measurements of the infrared line of MgT at 12.32u (Deming et al. 1988). The magnetic splitting of the
line follows the Paschen-Back pattern, with a Landé factor of unity (Lemoine et al., 1988). Zirin and Bopp
(1989) argued that the line was formed in the chromosphere.

Broad band polarization observations have hitherto been of limited diagnostic value (see Makita,
1988). A better theoretical calculation of the spectrum, taking into account the blends present and the
magnetic intensification (Leroy, 1989; Leroy and LeBorgne, 1989) may improve this situation. Radio
observations and modelling of the atmosphere above sunspots (Chiuderi Drago et ar, 1987; Urpo et al.,
1987; Kriiger and Hildebrandt, 1988), combined with radio-wave diagnostics (Karlicky and Kriiger, 1987)
may give information on the structure of the coronal magnetic field (Brosius and Hofman, 1989).

1.3 FLOWS

The motion away from the sunspot, across the surrounding moat, is of another character
(Brickhouse and LaBonte, 1988; Muller and Mena, 1987; Nye ez al., 1988) than the Evershed flow in the
penumbra, observed in various "photospheric” lines (Ichimoto, 1987; 1988). The sharp decrease in the
magnitude of the Evershed velocity close to the penumbral rim is still not fully understood (Wiehr and
Balthasar, 1989). Some observers confirm that the highest Evershed flow speeds occur in the dark
penumbral filaments (Wiehr ez al., 1987; Bida et al., 1990), whereas others (Wiehr and Stellmacher, 1989,
Lites er al. 1990) question this assertion. White light observations confirm the finding that penumbral
grains move in the opposite direction to the Evershed flow, ie, towards the umbra (Shine et al., 1987; Zirin
and Wang, 1989). Furthermore, a time variation has been reported (Shine ez al., 1990). One alternative to
a fluid motion interpretation of the white light observations may be propagation of distortions at flux tube
boundaries (Maltby, 1989).

The inverse Evershed flow, directed towards the umbra along superpenumbral filaments, has been
observed in the / « line by Alissandrakis er al. (1988) and Dere er al. (1990). Their interpretation in
terms of a subsonic siphon flow contradicts earlier findings where the driving force along individual flux
tubes was regarded as being able to give subsonic solutions in some position angles, but supersonic
solutions in others within the same sunspot region.

The structure of the large-scale flow field in relation to the magnetic structure of the active region
has been studied (Klimchuk, 1987). With higher spatial resolution both upflows and downflows are
observed (Kjeldseth-Moe et al., 1988). Large disturbances in the transition region flow field may be
introduced by an emerging flux region (Brueckner et al., 1988). If the line shift of CIV is derived from the
wavelength moment and if axial symmetry in the flow field is assumed, subsonic flow speeds are deduced
(Dere et al., 1990). On the other hand, line profile studies give evidence of regions with supersonic
downflows (Kjeldseth-Moe et al., 1988). Regions with supersonic downflow may either be of limited
spatial extent, 4-6 seconds (Kjeldseth-Moe et al., 1988) or more extended (Brekke et al. 1987).
Observational evidence for a sub-resolution fine structure (Kjeldseth-Moe, 1989) and multiple flow speeds
within the one arc second resolution element (Brekke e al., 1987) have been presented.

The flow pattern in the sunspot area is in general agreement with the siphon flow hypothesis, but
some deviations appear to be present (Kjeldseth-Moe et al., 1988). Thomas (1988) and Montesinos and
Thomas (1989) have presented a theoretical study of the flow in isolated flux tubes, with possible
application to the Evershed flow at photospheric heights.

1.4  OSCILLATIONS

New knowledge on both the sunspot atmosphere and the interaction of a magnetic field with solar
oscillations may come from the observed oscillations in the sunspot region. Oscillation periods close to 3
minutes in MgIl k (Gurman, 1987) and 5 minutes in Fel (Balthasar et al., 1987) are observed; see also Vial
and Bellout (1987) and Lites (1988). An observed variation in the height of formation of the H o« and NaD
lines in the sunspot atmosphere with a period in the 3 minute range has been reported (Mattig and Zerfass,
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1988). In the debate on the interpretation of oscillations in the sunspot atmosphere, quite sophisticated
models including cavities (eg, Locans et al., 1988; Campos, 1989; Abdelatif, 1988), as well as simple
models (Yun and Lee, 1988; Evans and Roberts, 1990) have appeared.

Absorption by the sunspot of externally impinging p-mode waves have been detected by Braun et
al. (1987,1988). Observations of this kind may give us knowledge about the subsurface structure of
sunspots. Bogdan (1989) has reviewed the proposed wave absorption and wave scattering mechanisms
(Abdelatif and Thomas, 1987; Hollweg, 1988; Grossmann and Smith, 1988; Hollweg and Yang, 1988,
Poedts et al., 1989; Lou, 1989; Campbell and Roberts, 1989; Bogdan, 1989a, Bogdan and Knélker, 1989;
Avans an?d Roberts, 1990a).

1.5 SEMI EMPIRICAL AND THEORETICAL MODELS

Semi-empirical model atmospheres of the umbra containing respectively an extended temperature
minimum (Lites et al., 1987) and two components (Obridko and Staude, 1988; Sobotka, 1988) have
appeared. Attempts to construct models for umbral light bridges (Sobotka, 1989) and penumbrae (Ding
and Fang, 1989) have been published. It has been suggested (Fontenla et al., 1990) that ambipolar
diffusion strongly influences the energy balance in the solar atmosphere; this assumes that dynamical
processes are unimportant.

Although analytical magnetostatic models (Osherovich and Garcia, 1989) are of interest, the focus
has shifted to numerical solutions (Pizzo, 1987; Jahn 1989). In a study of the adiabatic instability of
sunspots 1o convective motion, Moreno-Insertis and Spruit (1989) find a growth time of 18 minutes and
note a connection between the fluting and convective instabilities. The effect of stratification on non-linear
compressible magnetoconvection is to introduce a complicated oscillatory behaviour when the Boussinesq
approximation is removed (eg, Hurlburt er al., 1989). Weiss ez al, (1990) studied an idealised model,
whereas Stein and Nordlund (1989) have tried to simulate the sunspot atmosphere. The penumbra is very
probably in a quasistatic equilibrium except with respect to motion along the field (Spruit, 1989); see
Busse (1987) for an alternative view.

1.6  SUNSPOT CYCLE

The discovery by GE Williams in 1981 of layered sediments of the Elatina Formation of South
Australia has attracted attention, and the periodicity has been attributed to the solar cycle (Sonett and
Williams, 1987; Bracewell, 1988). New data by Williams have prompted Sonett ez al (1988) and Williams
(1988;1989) to propose a lunar-solar tidal interaction model as the source of the laminae.

A catalogue of naked eye sunspot observations from 165 BC to AD 1684 has been published
(Wittmann and Xu, 1987). Further discussions of the historical records are given in Stephenson and
Wolfendale (1988). Investigations of the sunspot cycle include studies of its statistical properties (eg,
Wilson er al., 1988), the Maunder minimum (Kopecky and Kuklin, 1987), the inclination of the bipolar
axis (Ivanov, 1987), different classes of sunspots (Kuklin and Kopecky, 1988), proper motion (Marquette
and Martin, 1988), decay rates of groups (Moreno-Insertis and Vdzques, 1988), torsional oscillations
(Snodgrass, 1987), and forecasts (eg, Wilson, 1988). Dicke (1988) has found that the phase fluctuations
of the cycle is compatible with the magnetic field being carried to the surface by convection, and Weiss
(1988) has discussed the solar cycle as an example of deterministic chaos.
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2. PROMINENCES
(E Tandberg-Hanssen and J M Fontenla)

2.1 INTRODUCTION

The 3-year period covered by this report (1987-1990) has seen a vigorous growth in the interest in
prominence research. This interst has manifested itself in the occurrence of a number of workshops,
symposia, and special meetings whose topics have included most areas of prominence physics. The
publication of many important papers on prominences bears witness to the vigor of this field of solar
physics research.

The major prominence-related meetings conducted in the 1987-1990 period were held at Palma de
Mallorca, Spain, November 1987 (Proc. Workshop Palma de Mallorca, 1988), and at Hvar, Yugoslavia,
September 1989 (Proc. JAU Symposium No 117, 1990). The book Dynamics and Structure of Quiescent
Solar Prominences (Priest 1989), which resulted from the Workshop at Palma de Mallorca, contains a
series of excellent overview articles on most areas of prominence research, viz, properties and flows
(Schmieder), prominence environment (Engvold), magnetic fields (Leroy), formation (Malherbe), structure
and equilibrium (Anzer), and stability and eruption (Hood). A concise review of quiescent prominences
has been given by Zirker (1989).

It has been customary to divide the study of prominences into two classes, quiescent and active. It
may, however, be more appropriate in the light of the recent developments to consider three types, viz.
stationary (quiescent and active region), eruptive, and flare-related prominences. For example, a
prominence seen in Hy in absorption against the solar disk is referred to as a filament. Some of the
stationary prominences are related to active regions, and are generally low-lying and seen as active region
filaments. Other staionary prominences appear out of active regions at high altitudes and are well observed
as quiescent prominences above the limb.

There is strong evidence that many forms of very dynamic prominences are genuinely parts of the
flare phenomenon, and should be treated in that context. For this reason we will not discuss them here,
and we refer to the special symposium on eruptive flares which is held after the General Assembly.
However, many eruptive prominences appear unrelated to optical flare phenomena and we will consider
them below.

2.2 STATIONARY PROMINENCES

It has become increasingly clear in later years that quiescent prominences are associated to dynamic
structures and often also to very dynamic features. The velocity fields associated with the prominence
plasma and its surrounding have been studied by Noéns, Schmieder and Mein (1988), Schmieder (1989),
Engvold (1989) and Schmieder et al. (1988). Periodic and quasi-periodic velocities were investigated by
Balthasar, Stellmacher and Wiehr (1988) in the context of their eigenmodes. Hanaoka and Kurokawa
(1989) studied mass motions in active region filaments and found flows generally along the long axis of the
filament. The presence of velocity shear and microturbulence has been investigated by Mein and Schmieder
(1988).

The importance of the fine structure of prominences for our understanding of their evolution as well
as their equilibrium and energy balance has been studied by Démoulin et al. (1987), Ballester and Priest
(1988, 1989), Zirker and Koutchmy (1990) and others. The height of prominences was studied by Kim et
al. (1988a) who found a sharp decrease in the number of prominences reaching more than 30 000 km into
the corona.

The role of the all-important magnetic fields in prominences has been investigated by Kim ez al.
(1988b) and Leroy (1989) from an observational point of view. These authors characterize the normal (N)
and inverse (I) polarity configurations, a notation introduced by Priest (1989), who pointed out that N type
polarities would apply to the Kippenhahn-Schliiter model, while the Kuperus-Raadu model would be
associated with I type polarity configurations. Molodensky and Filippov (1988) studied the transverse field
by using observations of Hg fibril orientation. Hood and Anzer (1990) developed a two-dimensional
magnetostatic model. The interpretation of magnetic field observations and the theoretical modeling
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implications of the magnetic field for formation, support and stability of the magnetic field have been
subject of extensive research (Amari and Aly, 1988; Aly and Amari, 1988; Bommier, Landi Degli'Innocenti
and Sahal-Brechot, 1988; Démoulin and Priest, 1989; Osherovich, 1988; Rompolt, 1988; Démoulin, Priest
and Anzer, 1989). Research on a three-dimensional model of prominences has been published by Wu and
Low (1987) and Priest, Hood and Anzer (1989). Yeh (1989) has studied a dynamical model of
prominence loops, regarded as flux ropes, and Sakai, Colin and Priest (1987) investigated a model for
prominence formation in a current sheet between two regions of opposite polarity.

The prominence formation was also studied in relation to the thermal processes leading to the
condensation. The proposed models include injection of chromospheric plasma into closed loops, due to
suige: {spicule) activity or evaporation (Démoulin and Einaudi, 1988; Wu er al, 1988; An er al . 1988;
Poland and Mariska, 1988; Mok et al. 1990). One difficulty still to be overcome is the high value of the
plasma-B required in some of these simulations, which does not seem consistent with observations. Recent
simulations by Sparks, Van Hoven and Schnack (1990) show that condensational instabilities in a sheared
magnetic field can generate filamentary structure.

The physical characteristics, ie, temperature and density, of the prominence plasma have been
determined by different methods, including one proposed by Brickhouse and Landman (1987), where the
ratio OI (7774)/NaD> is used to give kinetic temperatures in the range 5500-9000 K (Zhang et al. 1987).
The electron density is found to be between 1010 cm™3 and a few times 101! em-3 in quiescent prominences,
while erupting prominences (see Section 2.3) may have electron densities up to 1012 cm3 and a few times
1012 cm-3 before eruption (Athay, Low and Rompolt, 1987; Foukal, Little and Gillian, 1987). Conditions
in quiescent prominences and the prominence-corona transition region have also been investigated using
radiative transfer methods and UV observations (Heinzel and Rompolt, 1987; Heinzel, Gouttebroze and
Vial, 1988) while Rompolt (1988) and Bendlin, Stellmacher and Wiehr (1988) used optical data, and Kim
(1987) studied the Nal D line, in particular arriving at values for temperature and number density of at least
5000 K and 4 x 1011 cm3, respectively. Wiehr, Bendlin and Stellmacher (1988) used CA II and H lines to
derive optical thickness, turbulence values, and gas pressure for quiescent prominences.

Toot and Malville (1987) have studied centrally reversed Ha emission profiles in certain areas of
quiescent prominences and interpret them as the result of ongoing condensation of coronal material. The
relationship of a small transient, but probably not flare-related, prominence to a coronal condensation was
studied by Suematsu et al. (1988).

While most information on the behaviour of quiescent prominences comes from the UV or optical
part of the spectrum, Lang and Wilison (1989) have studied radio emission from these objects at 91.6 cm
wavelength, and concluded that the emission may be attributed to thermal Bremsstrahlung from a
prominence-corona transition region. Landi Degl'Innocenti, Bommier and Sahal-Brechot (1987) and
Bommier, Landi Degl'Innocenti and Sahal-Brechot (1988) have studied the theory of the linear polarization
and Hanle effect of the Balmer lines in prominences.

Quiescent prominences are usually subject to sudden disappearances. These "disparitions
brusques” (DBs) may be either dynamic in nature - the original definition, and caused by an instability in
the supporting magnetic field (Raadu et al. 1988) which transforms a stationary into an eruptive prominence
- or thermal (DBt), as studied by Mouradian et al. (1987), Mouradian and Soru-Escaut (1989), and Soru-
Escaut and Mouradian (1990) where the plasma is heated, leading to hydrogen ionization and the apparent
disappearance of the Ha prominence. A statistical study by Mouradian et al. (1987) found that locations
where filaments rotate rigidly with respect to the mean solar rotation, "pivot points”, are associated with
active centers where the emergence of magnetic flux appears related to a reduced speed of filament rotation
about the pivot point.

2.3  ERUPTIVE PROMINENCES

These prominences seen in cool lines (eg, Ha) display large-scale rapid motions. They often have
related coronal mass ejections (CMEs) and erupting active region prominences are often associated with Ha
flares. We exclude from the present review the flare-related prominences. Vizoso and Ballester (1987)
made statistical study of the north-south asymmetry in the distribution of DBs for solar cycles 18-21.
MacQueen and Holzer (1988) discussed the prominence-CME relationship for a well-observed event from
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the SKYL.AB period, and Gopalswamy and Kundu (1989) reported observations of a moving type IV burst
associated with a filament eruption.

Helical motions have been observed in eruptive prominences. House and Berger (1987) and
Prokakis and Tsiropoula (1988) studied in detail the helicity and its evolution from prior to lift-off until the
passage of the material through the outer corona. Vrsnak et al. (1988) and Vrsnak (1990) discussed the
evolution and implications of such twisted fields, and Vrsnak et al. (1990) investigated oscillations of a
prominence due to its eruption. Athay, Low and Rompolt (1987) studied the evolution of density and
characterized the mass expansion associated with prominence eruptions. They found that the expansion
cannot be described by a self-similar expansion unless one allows the expansion velocity to be a function of
the direction.

Steele and Priest (1989) modeled a magnetically coupled prominence and mass ejection and
suggested that this arrangement drives the reconnection below the prominence rather than the inverse.
Raadu er al. (1987) modeled the dynamics of a filament ejection using both thermal and magnetic driving
forces, finding better agreement for the latter.

A theoretical model of prominence formation and eruption, triggered by magnetic cancellation in a
sheared magnetic arcade which gives rise to helical fields, was developed by van Ballegooijen and Martens
(1989). Other theoretical studies by DeBruyne and Hood (1989a,b) discuss the stability of various
magnetic configurations and the role of shears, based on energy principles. Priest, Hood and Anzer (1989)
proposed a model where a twisted prominence with normal polarity can undergo reconnection and pass to
the inverse polarity. If the flux tube becomes too long or too twisted it will loose its stability and undergo a
DB. This eruption has been modeled by Priest and Forbes (1900), who found a self-consistent, ideal MHD
solution in the low- limit which describes the formation of a current sheet below the erupting filament.

There is growing evidence that magnetic energy dissipation produces localized heating and
nonthermal electrons in non-flare eruptive prominences. However, these processes may be similar to those
in flares. From a study of several eruptive prominences Harrison, Rompolt and Garczynska (1988)
concluded that also X-ray emission appears in highly localized and compact sites. Zodi er al. (1988)
reported on radio observations and suggested that gyrosynchrotron emission from nonthermal electrons is
produced in an eruptive prominence. Fontenla and Poland (1989) found, from UV line studies, substantial
heating in a section of a polar crown prominence eruption.

Measurements of Paschen-line Stark-broadening by Foukal, Little and Gillian (1987) show that 10
V cm1 is an upper limit to the macroscopic electric fields in an eruption, and they conclude that the
observed line shape is consistent with pressure broadening. Heinzel and Rompolt (1987) have studied
theoretically the Doppler brightening and dimming effects in Balmer and Lyman lines for moving
prominences.
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Microscopic plasma theory is the "kinetic" part of solar flare theory and deals with topics like (a)
particle acceleration, (b) particle transport and related instabilities and (c) plasma radiation theories and
plasma models of flare emission. We summarize below the progress made the last three years in these three
topics.

4.1  PARTICLE ACCELERATION

One potential candidate for particle acceleration is the DC Electric fields. The source and strength of
the E-field during a solar fiare are not known and in most studies the E-field is treated as a free parameter.
Takakura (1988) studied the acceleration of electrons by a DC Electric field in the presence of ion sound
turbulence. He solved numerically the time-dependent Fokker-Planck equations and found that the electron
momentum distribution became a steady state in the whole turbulent region in a short time. The steady state
energy distribution has a very hard power-law like spectrum with index 0.75. The bremstrahlung emission
from such a distribution shows a hard spectrum with a photon index 1.3. Takakura suggested that the
spectrum index can be much greater, as observed, only if many elementary loops with a power-law
distribution in the strength of the E-field accelerate the electrons. Moghaddam-Taheri and Goertz (1990)
studied numerically the run-away electrons in solar flares using a relativistic quasilinear code. They
estimated the synchrotron emission from the run-away electrons and concluded that in order to account for
the observed synchrotron emission spectrum of a typical solar flare, the electric field acceleration phase
must be accompanied or proceeded by a heating phase. Diakonov and Somov (1988) studied the behaviour
of the electrons that run-away from a hot plasma; they assumed that the direct current of fast electrons is
compensated by the reverse current of the thermal electrons in the hot plasma. The reverse-current E-field
and the distribution function of fast electrons are found in the form of an approximate analytical solution.
Winglee (1989) proposed that heavy ions during solar flares are acclerated as follows. Energetic ele