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Abstract

The highly inhomogeneous appearance of the quiet Sun is characterised by a rich diversity of small-scale
dynamic structures which have profound effects on the mass and energy flow to the outer solar atmosphere.
The principal inhomogeneities are related to roughly cellular patterns that constitute the network, which
is best observed in chromospheric lines and persists throughout the chromosphere-corona transition region
and the low corona (at a considerably reduced contrast). Over the past decade many transient events have
been discovered in association with the network boundaries, e.g. explosive events, network brightenings,
chromospheric and X-ray jets, as well as different types of spicules. Common sense would dictate that
some of these phenomena are physically tied to one another and to the constantly evolving photospheric
magnetic concentrations at their core. However, the exact means of these connections, the plasma
properties and structure of these features, as well as their formation process still remain unknown,
mainly because the same event has a different appearance when observed in different spectral lines and
with different instruments. The aim of the proposed meetings is to consolidate our knowledge on the
properties of small-scale transient phenomena, their association with the magnetic field, their inter-
relationship, as well as their implications for the mass balance and heating of the upper atmosphere of
the Sun.

1 Scientific rationale

1.1 Background

The physical processes that continuously generate and sustain the million degree temperature of the
Sun’s upper atmosphere - the solar corona - remain unknown. It is widely believed that the heating
of the solar corona could be driven by small-scale magnetic activity. It is now well established, from
investigation of high-resolution magnetograms, that in quiet Sun regions new bipolar elements emerge
continuously inside the cell interiors and are, subsequently, swept to the network boundaries by the
super-granular flow. When observed with high spatial and temporal resolution with both spectrometer
and imager instruments, this small-scale activity is seen as an impulsive (and sometimes quasi-periodic)
fluctuation in the intensity and Doppler shift of spectral lines that are emitted from the solar chro-
mosphere, transition region and corona, and it is associated with various transient phenomena. These
phenomena have been given many names: “spicules”/“mottles” (Beckers 1968); “macrospicules” (Bohlin
et al. 1975); Extreme-UltraViolet (EUV) “brightenings” (Gallagher et al. 1999); “blinkers” (Harrison
et al. 1999) and “explosive events” (Brueckner & Bartoe 1983). In active regions the increased number
density of magnetic flux concentrations in the photosphere gives rise to extended plages which consist of
many bright elements packed together and narrow dark/bright jet-like structures which are referred to
as fibrils.

1.2 Spicules, mottles and fibrils

At photospheric levels the smallest field proxies are the individual subarcsec network bright points. Their
first order association with magnetic fields is well established and, as such, they provide an observable
check to theories of local dynamo generation and magnetic flux transport by the convective flow field.
Much of our current knowledge about the structure, distribution and dynamics of small-scale magnetic
features is based on G-band observations, a spectral region around 430nm, which support their close
association (Berger et al. 2004).

A strong spatial coincidence exists between the photospheric flux concentrations and the overlying chro-
mospheric network. When seen in strong lines, such as Hα, the chromospheric network boundaries seem
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to be outlined by several elongated bright and dark jet-like structures, called mottles. Their appearance
is similar to the active region fibrils. Mottles are very important features, since they seem to be the
on-disk counterparts of the ubiquitous spicules, which are jet-like structures seen above the solar limb
with apparent velocities of ≈30 km s−1. They are believed to be the principal channels through which
mass and energy is supplied from the lower layers of the solar atmosphere to the corona and to the solar
wind (Tsiropoula & Tziotziou 2004). Mottles and fibrils frequently show 5 min periodicities (De Pontieu
et al. 2003, Tziotziou et al. 2004). A p-mode driving source is the likely trigger (De Pontieu et al. 2004).
Hansteen et al. (2006) and De Pontieu et al. (2007a) showed that active region dynamic fibrils are
readily interpreted as shock wave generated jets driven by p-modes and/or by chromospheric 3-minute
oscillations. Rouppe van der Voort et al. (2007) demonstrated that this interpretation also extends to
(at least a subset of) quiet region mottles. For both mottles and spicules bi-directional flows have been
inferred suggesting magnetic reconnection as the driver (Tziotziou et al. 2003, Wilhelm 2000). Based
on high-resolution Solar Optical Telescope/Hinode observations, De Pontieu et al. (2007b) recently sug-
gested that there should be at least two types of spicules: “Type-I” driven by shock waves that form
when global oscillations and convective motions leak into the upper atmosphere along magnetic field
lines, and “Type-II” which are more dynamic, have shorter lifetimes and are possibly driven by magnetic
reconnection.

1.3 Explosive events

Explosive events were first reported by Brueckner & Bartoe (1983) and later intensively studied during
the Solar and Heliospheric Observatory (SoHO) mission using Solar Ultraviolet Measurement of Emitted
Radiation (SUMER) spectrometer observations. They are identified by their non-Gaussian profiles with
Doppler shifts up to 200 km s−1 of spectral lines with formation temperatures from 4 104 K to 6 105 K.
Their existence at coronal temperatures is still uncertain. Explosive events were found mostly above the
magnetic network or the boundaries of regions with large magnetic flux concentrations (Chae et al. 2000,
Innes 2001). Innes et al. (1997) observed several events with bi-directional flow structure, as predicted by
theoretical models of magnetic reconnection, which support the view that reconnection is one of the most
likely processes for accelerating plasma on the Sun. Ning et al. (2004) and Doyle et al. (2006) found that
the events appear in bursts often separated by 3–5 min and concluded that reconnection events within a
burst could be triggered at a particular phase of a wave. Doyle et al. (2006) suggested kink waves, while
Chen & Priest (2006) suspect p-mode waves as the source.

1.4 Blinkers

The most studied EUV brightenings, named blinkers, represent an enhancement in the intensity of
transition region lines with a duration of up to 2 hours and an average size of about 8′′×8′′ (Coronal
Diagnostic Spectrometer (CDS); Harrison et al. 2003). They are seen on the disk in the quiet Sun network
(Bewsher et al. 2005), as well as in cell centers (Brkovic̀ et al. 2001). They show Doppler velocities from
–5 to 30 km s−1 preferentially occurring above regions of large or strong magnetic fragments (Bewsher
et al. 2002). Madjarska & Doyle (2003) found that a magnetic flux increase plays a crucial role in the
blinker generation. Blinkers, therefore, may appear in a more imbalanced magnetic environment, which
is consistent with the recent results by McIntosh et al. (2007) and McIntosh (2007). Subramanian et
al. (2008) used magnetic topology analysis and found that some blinkers are associated with flows in a
small-scale loop and are related to the emergence of new magnetic flux.

1.5 The inter-relationship between EUV/UV events

Harrison et al. (2003) unified some of these phenomena considering their plasma properties and the limi-
tations of the instruments used for their detection. They found that a number of events such as blinkers,
network and cell brightenings can be classified as the same type of phenomenon – EUV brightening. A
possible connection between EUV brightenings and explosive events is suggested by the findings of Innes
et al. (1997) that elementary brightenings, often with non-Gaussian wings, come in bursts lasting about
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10–30 min. However, no consistent correlation has yet been established. Both spicules and explosive event
flows show periodicities of about 5 min, suggesting they could be triggered by the same photospheric
activity. Recently, a similarity between fibrils and mottles/spicules in the quiet Sun has been suggested
by De Pontieu et al. (2007b). X-ray Telescope and Extreme-ultraviolet Imaging Spectrometer/Hinode
simultaneous observations revealed for the first time the existence of small-scale high-temperature bright-
enings (≈106 K and size of 3′′ × 3′′) in the quiet Sun which is believed to be associated with an emerging
magnetic flux (Innes et al. 2008, Madjarska 2008). Their connection to some of the above mentioned
phenomena is an open question.

2 The Goals of the project

The major objectives of our meetings will be to achieve a better understanding via discussions and strong
collaborations between leading scientists on the following main issues:

2.1 Hα versus UV and EUV phenomena

The relationship between the small-scale transient events observed at different temperatures is not yet
clear. Obvious questions are: what are the possible Hα counterparts of different UV and EUV phe-
nomena (e.g., spicules, Hα jets, explosive events, EUV and X-ray brightenings and jets)? What are the
evolutionary properties of the magnetic fields associated with them? What mechanisms generate these
phenomena and what is the importance of these features to the fluxes of mass and energy in the solar
atmosphere? We are presently using the unique combination of Hinode, SoHO, TRACE and ground-
based observations together with techniques, such as magnetic field extrapolations and others, in order
to clarify the above points (Hansteen et al. 2008, Madjarska & Bewsher 2008).

2.2 Derivation of physical parameters and modelling

Knowledge of the physical conditions in isolated structures is needed to elucidate the physical processes
which are occurring in them. The physical parameters of different transient phenomena, such as Doppler
shifts and proper motions, densities and temperatures will be reviewed and compared. Forward modelling
is the state-of-the-art method by which data output from numerical simulations (e.g. temperatures,
densities, magnetic field strengths) can be converted into observable quantities (e.g. spectra, Doppler
shifts), bridging the gap between theory and observations. Comparison of theoretical results produced
with this method with observations will be discussed during the meeting.

Small-scale transient phenomena are probably all driven by magnetic activity in the photosphere. The
two energizing processes under debate are magnetic field dissipation into plasma heat and flow, i.e.
reconnection, and dissipation of hydro-magnetic shocks. At transition region temperatures and higher
both will produce brightenings and directed flows. The observed flow velocities are more likely influenced
by, for example, geometry, plasma density at the dissipation site, and density of the pre-flow plasma.
The most important difference between the two processes is their relationship to the underlying magnetic
field. This aspect has been briefly investigated by Dere et al. (1989), Innes et al. (1997) and others for
short individual sets of observations. Now more sophisticated magnetic models and high-resolution vector
magnetic field measurements and chromospheric filtergrams are available so we can tackle this problem
from a global point-of-view.

2.3 Mass balance and heating of the upper atmosphere due to small-scale events

Magnetic reconnection is suggested to be the driver for most of the small-scale events and is probably
the most suitable mechanism not only for releasing energy with important implications for heating the
chromosphere and corona, but also for the transfer of mass from the lower layers to the corona and the
solar wind. On the other hand, it has been shown that on inclined magnetic flux-tubes, the p-modes
leak sufficient energy from the global resonant cavity into the chromosphere to power shocks that drive
upward flows and form jet-like structures (Hansteen et al. 2006, De Pontieu et al. 2007a). The roles of
magnetic reconnection and waves will be addressed and explored.
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3 Timeliness of the project

We believe that the time is ripe for a project aiming to bring together observers and theoreticians in order
to put together their experience in different fields and make a significant advance in our understanding of
small-scale transient events and the role they play in coronal heating. Sophisticated ground-based tele-
scopes on the Canary islands, various instruments on SoHO, advanced analysis methods and exploitation
of the seeing-free data from Hinode, constitute a unique combination of facilities ripe for a rich yield from
such collaborative studies. On the other side, the available computer power and the ability of the present
numerical tools make it possible to venture into quite realistic 3D modelling of this type of events when
the initial conditions can be sufficiently constrained by the available Hinode, SoHO, TRACE and ground
based observations.

4 Expected output

The present proposal was inspired by the long ongoing discussion on the relationship of these phenomena,
the physical mechanism(s) responsible for their existence and, especially, their contribution to the heating
of the solar corona. We plan to reach conclusions on the possible relationship between these phenomena
and their plasma characteristics. This will result in a review paper on the nature of small-scale transient
phenomena in the quiet Sun and active regions. The paper should be ready no later then the date of the
second meeting. Additionally, the results from existing collaborations between members of the team and
collaborations that will be established during the meeting will result in a few peer-reviewed papers.

5 Added value from ISSI for the implementation of the project

We believe that the International Space Science Institute (ISSI) provides an excellent working environ-
ment for small groups of experts to concentrate on a well defined project and to discuss and confront
their results, views and theories. Members of the team have already participated in other ISSI working
groups and have been impressed by the facilities and the on-line support.

6 List of confirmed participants

D. Bewsher (STFC/RAL, United Kingdom): observations; blinkers
S. Bradshaw (Imperial College, United Kingdom): theory; simulations; forward modelling
B. De Pontieu (Lockheed Martin Solar & Astrophysics Lab, USA): observations; fibrils; simulations
J.G. Doyle (Armagh Observatory, N. Ireland): observations; transient events/atomic input
K. Galsgaard (Niels Bohr Institute, Denmark): theory; simulations; magnetic reconnection
V.H. Hansteen (University of Oslo, Norway): theory; simulations; waves
D. Innes (MPI für Sonnensystemforschung, Germany): observations; explosive events; blinkers
M.S. Madjarska (MPI für Sonnensystemforschung, Germany): observations; explosive events; blinkers
S. McIntosh (Southwest Research Institute, USA): observations; waves; chromo-TR coupling
R. J. Rutten (Utrecht University, The Netherlands): observations; photosphere; chromosphere
Y. Suematsu (National Astronomical Observatory of Japan): observations; simulations; modelling
G. Tsiropoula (National Observatory of Athens, Greece): observations; mottles; physical parameters
K. Tziotziou (National Observatory of Athens, Greece): observations; mottles; oscillations

7 Schedule

We plan two 4 day meetings at ISSI within 18 months from its start. The first meeting is planned to take
place some time between September 2008 and January 2009 and it will be led by Georgia Tsiropoula
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8 Facilities required

The standard ISSI workshop facilities are required, i.e. a meeting room for 13 people, equipped with
data projection facilities, wireless internet access and some limited printing facilities. Team members will
bring their own laptops.

9 Financial requirements

The standard support, i.e. per diem and lodging, for 13 team members is required two times for 4 days,
as well as travel support for one of the team leaders.
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