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Dynamic anti-parallel flows observed within an active
region filament with SDO/AIA and Hi-C
Author(s): Caroline E. Alexander, Stephane Regnier,
Robert W. Walsh and the Hi-C science team
Affiliation(s): University of Central Lancashire

browsers. For more advanced users, a Search/Get Python
module is also available at http://sdo.ias.u-psud.fr/python.
The users can use it to build more complex yet more
powerful queries. We encourage everyone in Europe and
beyond to use these new services!
Flares, waves, and energy

Plasma flows within prominences/filaments have been
observed for many years and hold valuable clues
concerning the mass and energy balance within these
structures. Previous observations of these flows primarily
come from H-alpha and cool EUV lines (e.g., 304 A) where
estimations of the size of the cool prominence threads has
been limited by the resolution of the available
instrumentation. Evidence of curious `counter-steaming'
flows have previously been inferred from observations but
now, for the first time, these flows have been directly
imaged within the corona. In this work we present
observations of an active region filament observed with
SDO/AIA and Hi-C that exhibits dynamic anti-parallel
flows along side-by-side threads within the structure. The
ultra-high spatial resolution of Hi-C allows the individual
flow velocities to be measured and complementary data
from AIA provides context and allows temperature analysis
to take place. Measuring the flow speeds, the spatial scale
of the threads, and their emission in different temperature
regimes allows us to comment on the physical mechanisms
taking place and can help us to understand how these flows
relate to the stability of the filament as a whole.
MEDIA : MEDoc Interface for AIA
Author(s): P. Alingery (2), E. Soubrié(1), F. Auchère(1),
K. Bocchialini (1), JP. Boignard (5), E. Buchlin (1), J.C
Malappert (3), S. Parenti (1, 4)
Affiliation(s): (1) Institut d'Astrophysique Spatiale, Paris
(2) Exelis VIS Tour de l'Horloge, Paris (3) CNES,
Toulouse, France (4) ROB, Bruxelles, Belgique (5) AKKA
Technologies,27 Colomiers, France
MEDOC, the space solar data center at Orsay
(http://www.ias.u-psud.fr/medoc) is now providing a new
web access to the AIA/SDO level 1 images. This interface
has the advantage of being simple, intuitive, very stable and
fast. The full resolution 4k x 4k AIA level 1 images
archived at MEDOC are downloaded from upstream DRMS
nodes with a 1 minute cadence at all wavelengths. The
dataset will be kept online on a redundant archive for the
whole SDO mission duration. The FITS files are accessible
via an user friendly web interface (http://medoc-sdo.ias.upsud.fr) that allows users to request data by selecting a date
range, the desired wavelengths and a sampling rate
(choosing a cadence from 1 minute to 1 day). For each file,
users can preview the image (using the Helioviewer tool) or
display the header information before downloading the
FITS files (with or without Rice-compression). This web
interface was built using Sitools2, a tool developed by
CNES, the French space agency, and supports most

Author(s): A. Andic, R.T.J. McAteer, B. McNamara
Affiliation(s): New Mexico State University
Solar energy storage and release events are interconnected.
This research addresses one aspect of the interconnection of
those energetic solar events. Addressed aspect emerged in
recent research that showed a movement of a flux tubes
generates oscillations. Analysis was performed using six C
class and one M class flares during Dec. 25, 2011. Using
AIA and HMI data, we investigated the connection between
flare induced disturbance and changes in the flux of
photospheric oscillations. Results showed significant
increase of oscillatory flux following the flare itself. This
increase was detected outside of flare location. Results
show a need for deeper statistical analysis of the oscillatory
response at flare induced disturbance. This kind of analysis
might reveal energy distributions when this aspect of
interconnection is in question.
Application of Bayesian Inference
Comparison Techniques to Solar
Seismology

and Model
Atmospheric

Author(s): Arregui, I. (1), Asensio Ramos, A. (1), Pascoe,
D. J. (2), Diaz, A.J. (1)
Affiliation(s): (1) Instituto de Astrofisica de Canarias,
Tenerife, Spain, (2) School of Mathematics and Statistics,
University of St. Andrews, UK
Wave activity is ubiquitous in the solar atmosphere. The
detection and analysis of waves and oscillations is
important for our understanding of solar atmospheric
physics. Seismology deals with the determination of
difficult to measure physical parameters by a comparison
between observed and theoretical wave properties. We
present recent results form the application of Bayesian
inference and model comparison techniques to seismology.
In the first example, quickly damped transverse coronal
loop oscillation data are inverted to obtain estimates for the
density contrast, the transverse inhomogeneity length scale,
and the Alfvén speed in the oscillating loops. In the second
example, we use the detection of multiple mode harmonic
kink oscillations in coronal loops to obtain information on
coronal density stratification and magnetic field expansion.
The inference is based on the measurement of period ratios
and their deviation due to the hypotheses of either coronal
density stratification or magnetic field expansion of the
wave guide. The two models are compared using a
Bayesian model comparison scheme to assess how
plausible each one is, given our current state of knowledge.

In the last example, the spatial damping of propagating
waves and the characteristic damping length scales are used
to obtain estimates for the plasma density variation across
the oscillating structures. This method could be applied to
extended regions in the corona for obtaining information
about the cross-field density structuring of the medium
where these waves propagate.
Hydrodynamic Scaling Laws and Solar Flare Statistics
from AIA
Author(s): Markus J.Aschwanden
Affiliation(s):
Solar and Astrophysics Laboratory,
Lockheed-Martin ATC
We present a statistical solar flare study of 155 GOES Mand X-class flares observed with AIA/SDO in all 7 coronal
wavelengths (94, 131, 171, 193, 211, 304, 335 A) and
investigate the wavelength-dependence of scaling laws and
statistical distributions. Except for the 171 and 193 A
wavelengths, which are affected by EUV dimming caused
by coronal mass ejections (CMEs), we find near-identical
size distributions of geometric (flare size L, area A, volume
V, fractal dimension D2), temporal (flare duration D), and
spatio-temporal parameters (diffusion coefficient, spreading
exponent, and maximum expansion velocity) in different
wavelengths, which are consistent with the universal
predictions of the fractal-diffusive avalanche model of a
slowly-driven self-organized criticality (FD-SOC) system,
i.e., N(L) ~ L^(-3), N(A) ~ A^(-2), N(V) ~ V^(-5/3), N(D)
~ D^(-2), D2=3/2, for a Euclidean dimension d=3. We
perfom also a differential emission measure (DEM)
analysis in all flares to determine the flare peak emission
measure EM_p, peak temperature T_p, electron density
n_p, and thermal energy E_th. We find that these
parameters obey the Rosner-Tucker-Vaiana (RTV) scaling
law T_p^2 ~ n_p L and H ~ T^(7/2) L^(-2) during the flare
peak time t_p of maximum density n_p, when energy
balance between the heating rate H and the conductive and
radiative loss rates is achieved for a short instant, and thus
enables the applicability of the RTV scaling law. The
application of the RTV scaling law predicts powerlaw
distributions for all physical parameters, which we
demonstrate with numerical Monte-Carlo simulations as
well as with analytical calculations. A consequence of the
RTV law is also that we can retrieve the size distribution of
heating rates, for which we find N(H)~H^(-1.8), which is
consistent with the magnetic flux distribution
N(Phi)~Phi^(-1.85) observed by Parnell et al. (2009) and
the heating flux scaling law F_H ~ H L ~ B/L of Schrijver
et al.~(2004). The fractal-diffusive self-organized criticality
model in conjunction with the RTV scaling law reproduces
the observed powerlaw distributions and their slopes for all
geometrical and physical parameters and can be used to
predict the size distributions for other flare datasets,
instruments, and detection algorithms.
FESTIVAL 5.0 - AIA and more !

Author(s): F. Auchère, E. Soubrié
Affiliation(s): Institut d'Astrophysique Spatiale
FESTIVAL is an open source IDL-based browser designed
for simultaneous and dynamic compositing of multiinstrument imaging data. FESTIVAL is very flexible and
works with FITS files, which allows advanced processing.
It is distributed as a Solar Software package. Initially
developed for SECCHI, FESTIVAL now supports most
space imaging telescopes, the latest additions being AIA
/SDO and SWAP / Proba2. Its native zoom/pan mouse
navigation mode makes it well suited to the large format of
AIA images. In additio, version 5.0 brings a variety of new
features making FESTIVAL even more powerful: enhanced
search options, base and N-x running differences, solar
rotation compensation, remote access to the MEDOC data
archive, etc.
Progress in Near-Surface
Minimizing Systematics

Flow

Determinations:

Author(s): Charles S. Baldner (1), Sarbani Basu (2),
Richard S. Bogart (1), Jesper Schou (1)
Affiliation(s): (1) Stanford University; (2) Yale University
One of the key achievements in helioseismology has been
the measurement of sub-surface dynamics. Measurements
of both differential rotation and meridional circulation exist
from multiple instruments for more than one and a half
solar cycles. The precision of flow determinations from
various helioseismic techniques has been found to be
greater than their accuracy. Flows have been found to
depend on the disk position of the measurements, and some
inconsistencies between measurements from different
instruments have also been found. In this work, we report
progress in understanding and correcting for these
systematic errors, and present the latest ring diagram
determinations of shallow subsurface flows with HMI/SDO
data.
"Nanoflare heating in the solar corona -- Parker was
right"
Author(s): Bingert, Sven and Peter, Hardi
Affiliation(s): Max Planck Institute for Solar System
Research
We investigate the energy distribution of the heat input in a
3D MHD model of a solar active region. We find that the
energy is deposited mostly in quantities around 10^17 J,
which is very close to the nanoflare energy derived by
Parker. For our study we employ a 3D MHD model of the
solar corona to investigate the spatial and temporal
evolution of the heat input based on Ohmic dissipation. The
model is driven by horizontal motions shuffling around the
magnetic field in the photosphere. This induces currents
and their dissipation heats the coronal plasma, very similar
to the field-line braiding mechanism proposed by Parker.

We find a power-law behavior of the energy input due to
Ohmic dissipation indicating that the system is scale
invariant. However considering the coronal part of the
computational box alone, we find a knee in the energy
distribution and a preferred energy for the heat deposition.
This energy coincides with the nanoflare energy proposed
by Parker. While Parker considered a quite idealized setup,
we model a realistic corona, accounting for gravity, heat
conduction and radiative losses, and account for the full
interaction of plasma and magnetic field. Our results are
remarkable, because even in the complex and dynamic
setup we find a result that basically supports Parker's
original proposal. By synthesizing coronal emission from
our model we can go one step further, though, and show
that the resulting model corona really resembles the
observed corona in structure and dynamics.
Application of Solar EUV-Spectra to the Study of
Photoionization of Interstellar Neutrals in the
Heliosphere (invited)
Author(s): Peter Bochsler 1), Maciej Bzowski2), Harald
Kucharek1), Eberhard Möbius1), Justyna M. Sokół2)
Affiliation(s): 1) Space Science Center and Department of
Physics, University of New Hampshire, Durham NH 03824,
USA 2) Space Research Centre, Polish Academy of
Sciences, 00-716 Warsaw, Poland
For investigations of neutral interstellar gas penetrating into
the inner solar system, as well for the study of so-called
pickup ions, which are produced from inflowing interstellar
matter in the heliosphere, it is crucial to determine the
photoionization rates of various elements by solar EUVradiation. We routinely use the EUV-spectra from
TIMED/SEE to compute the photoionization rates of H, He,
O, and Ne. Since observations of interstellar neutrals and
pickup ions in the heliosphere are also available for periods
long before solar EUV-spectra became routinely available,
it is also important to find good proxies for photoionization
rates. For this purpose we have developed a linear model
involving different proxies (F10.7, Mg IIc/w, Lyman alpha
and SOHO/CELIAS/SEM). For the past decade, for which
all proxies and the TIMED spectra are available, we
typically find average deviations of the model results from
the TIMED/SEE-derived values of the order of a few
percent. However, this model does not include systematic
errors, e.g., from calibration uncertainties. We also
investigate the impact of temporal and spatial
inhomogeneities on photoionization rates and on the flow of
interstellar gas through the heliosphere and on the
production of pickup ions.
Behavior of the vertical current during the X2 flare of
2011 February 15 observed by SDO/HMI, compared to
a line-tied zero-beta resistive MHD simulation
Author(s): Veronique Bommier and Guillaume Aulanier
Affiliation(s): LESIA, Observatoire de Paris

The level-1 data of SDO/HMI have been inverted with the
UNNOFIT inversion code (Bommier et al., 2007, A&A,
464, 323), which differs from VFISV about the magnetic
filling factor modeling. More realistic field inclinations are
obtained outside the active region. The spatial resolution
seems to be also better. UNNOFIT is enabled for the taking
into account of gradients of radial velocity, responsible for
asymmetry of the Stokes profiles (Molodij et al., 2011,
A&A, 531, A139). The ambiguity has been solved with the
ME0 code of Metcalf, Leka, Barnes & Crouch. We present
the movie of 4 hours of observation, the flare occurring at
middle. Two current ribbons of opposite polarity are visible
along the magnetic neutral line, in the vertical density
current map. The negative one strengthens and radially
expands from the flare center at the eruption moment. A
similar current ribbon pair is visible in a 3D line-tied zerobeta resistive MHD flare simulation with the OHM code
(Aulanier et al. , 2012, A&A, 543, A110). The two ribbons
part from the flare center during the flare, similarly to what
observed on 2011 February 15 at 02:00 with SDO/HMI.
Coronal structure and dynamics above an active region
- MHD model versus observation
Author(s): Bourdin, Philippe-A. (1), Bingert, Sven (1),
Peter, Hardi (1)
Affiliation(s): Max Planck Institute for Solar System
Research
We present a one-to-one comparison between an observed
active region and a 3D MHD model including spectral
synthesis. We set up the 3D MHD model from the
photosphere to the corona and use the actually observed
photospheric magnetograms and horizontal motions as a
lower boundary condition to drive the 3D coronal model.
Following Parker's model for field-line braiding this
induces currents that are dissipated and heat the corona.
From the 3D MHD model we synthesize emission spectra
in EUV and X-rays that can be compared directly to the
Hinode/EIS and XRT observation of the active region we
model. We find that the hot coronal loops that form in the
model occur at just the same places as they are found in the
actual observations. Moreover, their spatial structure and
the flows along the loops as seen in the synthesized
intensity and Doppler maps compare well to the actual
observations. By this we present the first coronal model
driven by photospheric observations that provides a one-toone match to the coronal structure and dynamics observed
for that same active region. This shows that the distribution
of the energy input in time and space through the field-line
braiding is close to the real solar coronal energy deposition.
X-ray and EUV Observations of GOES C8 Solar Flare
Events
Author(s): Bowen, Trevor A. (1), Testa, Paola. (2),
Reeves, Katharine, K. (3)
Affiliation(s): Harvard Smithsonian CfA

We present an analysis of soft X-rays (SXR) and extremeultraviolet (EUV) imaging and spectral observations of
solar flares with an approximate C8 GOES class. Our
constraint on peak GOES SXR flux allows for the
investigation of correlations between various flare
parameters. We show that the the duration of the decay
phase is proportional to the duration of its rise phase.
Additionally, we show significant correlations between the
radiation emitted in the rise and decay phases of a flare: the
total radiated energy of a given flare is proportional to the
energy radiated during the rise phase alone. This
partitioning of radiated energy between the rise and decay
phases is observed in both soft X-ray (SXR) extreme
ultraviolet (EUV) wavelengths. Though observations from
the EUV Variability Experiment (EVE) show significant
variation in the behavior of individual EUV spectral lines
during different C8 events, we show that the broadband
EUV emission is well constrained. Furthermore, using
GOES and AIA data, we determine several thermal
parameters of these events: temperature, volume, density,
and emission measure. Analysis of these parameters
demonstrate that the longer duration solar flares are cooler
events with larger volumes capable of emitting vast
amounts of radiation. The shortest C8 flares are typically
the hottest events, smaller in physical size, and have lower
associated total energies. These relationships are directly
comparable with several sample scaling laws and flare loop
models.
The Helioseismic Search for Emerging Flux
Author(s): D.C. Braun
Affiliation(s): NorthWest Research Associates
Arguably considered the holy grail of local helioseismology
is the detection of emerging flux before its appearance as a
sunspot or magnetic region on the photosphere. After
almost two decades of searching, this goal remains elusive
and, at best, controversial. Helioseismic exploration is
increasingly assisted by numerical simulations of rising flux
which offer predictions of the magnitude and type of
signatures, and also by computational wave propagation
models which can validate and help improve the methods.
We discuss some of these developments as well as results
of a recent survey, carried out at NWRA, of approximately
one hundred emerging active regions observed with the
GONG network. A new survey, carried out in collaboration
with colleagues at the Max Planck Institute for Solar
System Research and made using the observations obtained
by the HMI instrument on SDO is under way. This talk
reviews work at NWRA which has been funded through the
NASA Living with a Star program and currently though the
NASA Solar and Heliospheric SR&T program (contract
NNH12CF23C) and Heliophysics GI program (contract
NNH12CF68C).
EUV Emission from Sungrazing Comets

Author(s): Paul Bryans, W Dean Pesnell
Affiliation(s): ADNET Systems, NASA GSFC
The EUV emission resulting from comets' passage through
the solar atmosphere has opened many exciting avenues of
study. The observations show the sublimated cometary
material to interact with ambient magnetic field and
highlight magnetic features that are not normally visible
with EUV telescopes. The first step, however, is to explain
why the comet produces the EUV emission. In this talk, I
will outline a model that describes the interaction of the
cometary atmosphere with the quiescent solar background
and results in such emission. In particular, the model
accurately predicts the temporal and wavelength response
of the emission detected by SDO/AIA. After describing the
emission process, I will go on to discuss what we can learn
about the corona from these observations.
Automated detection, characterization, and tracking of
filaments from SDO data
Author(s): Buchlin, E., Mercier, C., Vial, J.-C.
Affiliation(s): IAS, CNRS / Univ. Paris-Sud, Orsay,
France
Thanks to the cadence and continuity of AIA and HMI
observations, SDO offers unique data for detecting,
characterizing, and tracking solar filaments, until their
eruptions, which can be associated to coronal mass
ejections. Because of the requirement of short latency when
aiming at space weather applications, and because of the
important data volume, only an automated detection can be
worked out. We present the code "FILaments, Eruptions,
and Activations detected from Space" (FILEAS) that we are
developing at IAS for the automated detection and tracking
of filaments. Using data either from local files or from
DRMS, detections are based on analysis of AIA 30.4 nm
He II images and on magnetic polarity inversion lines
derived from HMI. Following the tracking of filaments as
their rotate with the Sun, filament characteristics are
computed. We discuss the algorithms and performances of
the code, and we compare its results with the filaments
detected in Halpha and already present in the HEK. We
finally discuss the possibility of using this code for
detecting eruptions in real time.
Progress on Reconstructing the Solar Coronal Magnetic
Field above Active region at different scales
Author(s): Canou A. (1) Amari T. (2)
Affiliation(s):
(1) Institut d'Astrophysique Spatiale,
Universite Paris Sud, France (2) CNRS, Centre de Physique
Theorique de l'Ecole Polytechnique, France
he low solar corona is dominated by the magnetic field
which is created in the Sun's interior by a dynamo process
and which then emerges into the atmosphere. This magnetic
field plays an important role in most structures and

phenomena observed at various wavelengths such as
prominences, small and large scale eruptive events, and
continuous heating of the plasma. It is therefore important
to understand its three-dimensional properties in order to
elaborate efficient theoretical models. Unfortunately, the
magnetic field is difficult to measure locally in the hot and
tenuous corona. But this can be done at the level of the
cooler and denser photosphere, and several instruments
with high resolution vector magnetographs are currently
available
(e.g.
THEMIS/MTR,
SOLIS/VSM,
HINODE/SOT/SP or SDO/HMI) or will be available on
future programmed missions (e.g. Solar Orbiter, ATST and
EST). This has lead solar physicists to develop an approach
which consists in reconstructing the coronal magnetic field
from boundary data given on the photosphere. <P> We will
present our recent progress and results to solve this problem
at the active region scale or the larger one such as the full
disk or synoptic one, for which the large amount of data as
well as their sparsity on the solar disk, require to develop
particular strategies. We will also show how this can be
helpful to characterize the many aspects of active regions
during their static or pre-eruptive evolution phases.

cover the full range of flare plasma temperatures.
Previously, we have calculated differential emission
measures (DEMs) using EVE and RHESSI independently,
for a small number of flares, and showed that they tend to
agree well in the ~10-20 MK region, where their responses
overlap, but that, as expected, they disagree significantly
outside this range, where the DEM is poorly constrained by
one instrument or the other, exemplifying the need for a
unified solution. Recently, we have developed a technique
for determining flare DEMs using both EVE and RHESSI
simultaneously, with each instrument constraining the
other. We apply this technique to a number of synthetic test
cases to show that it robustly recovers the input test DEMs,
and then show results of analyzing real data from two
intense, X-class flares. Through this technique, for the first
time, we can determine self-consistent DEMs over the
complete flare temperature range of ~3-50 MK, and this
precise determination of the thermal emission will later
enable detailed studies of the non-thermal electron
populations, as well.

Exploring Thermal and Non-Thermal Flare Emission
with EVE and RHESSI

Author(s): Phillip Chamberlin
Affiliation(s): NASA/GSFC

Author(s): Caspi, Amir (1); McTiernan, James M. (2);
Warren, Harry P. (3)
Affiliation(s): (1) Laboratory for Atmospheric and Space
Physics, Univ. of Colorado, Boulder; (2) Space Sciences
Laboratory, Univ. of Califoria, Berkeley; (3) Naval
Research Laboratory

The EUV Variability Experiment (EVE) onboard the Solar
Dynamics Observatory (SDO) has been obtaining
unprecedented observations of solar variation on times
scales of seconds during flares and over the rising phase of
Solar Cycle 24 since its start of normal operations in May
2010. Unexpectedly, as first pointed out in Hudson et. al.,
Ap. J. (2011), even with EVE’s spectral resolution of 0.1
nm and ‘irradiance’ measurements, EVE has the ability to
very accurately determine Doppler shifts in all emissions
during solar flares and coronal mass ejections (CMEs). The
technique for deriving these absolute velocities is not
straightforward, as the optical and instrumental effects must
first be eliminated in order to separate the absolute plasma
velocities from the instrument effects. This talk will discuss
these efforts to eliminate the instrumental component, as
well as show some of the first results of absolute velocities
of multiple emissions at a wide range of temperatures
during solar flares.

Solar flares accelerate electrons up to hundreds of MeV and
heat plasma to tens of MK, but the physical processes
behind these phenomena remain poorly understood. In
intense (GOES M- and X-class) flares, in addition to the
common 10-25 MK plasma thought to be the result of
chromospheric evaporation, even hotter plasma (up to 50
MK) may be directly heated in the corona. While
observations of hard X-ray bremmstrahlung directly probe
the non-thermal electron population, for large flares, the
spectra below 20-30 keV are typically dominated by this
strong thermal emission. The low-energy extent of the nonthermal spectrum can be only loosely quantified, resulting
in significant implications for calculating flare energy
budgets and for constraining possible acceleration
mechanisms. A precise characterization of the thermal
electron population is imperative, and this requires an
equally precise characterization of the thermal emission.
Extreme ultraviolet observations from the EUV Variability
Experiment (EVE) on-board the Solar Dynamics
Observatory (SDO), combined with X-ray data from the
Reuven Ramaty High Energy Spectroscopic Imager
(RHESSI), currently offer the most comprehensive view of
the flare temperature distribution. EVE observes EUV
emission lines with peak formation temperatures of 2-20
MK, while RHESSI observes the X-ray bremsstrahlung of
hot, 10-50 MK plasma; combined, the two instruments

Doppler-shifted flare emissions observed by SDO/EVE

FISM 2.0: Improved spectral range, resolution, and
accuracy
Author(s): Phillip Chamberlin
Affiliation(s): NASA/GSFC
The Flare Irradiance Spectral Model (FISM) was first
released in 2005 to provide accurate estimates of the solar
VUV (0.1-190 nm) irradiance to the Space Weather
community. This model was based on TIMED SEE as well
as UARS and SORCE SOLSTICE measurements, and was
the first model to include a 60 second temporal variation to
estimate the variations due to solar flares. Along with

flares, FISM also estimates the tradition solar cycle and
solar rotational variations over months and decades back to
1947. This model has been highly successful in providing
driving inputs to study the affect of solar irradiance
variations on the Earth’s ionosphere and thermosphere,
lunar dust charging, as well as the Martian ionosphere. The
second version of FISM, FISM2, is currently being updated
to be based on the more accurate SDO/EVE data, which
will provide much more accurate estimations in the 0.1-105
nm range, as well as extending the ‘daily’ model variation
up to 300 nm based on the SOLSTICE measurements. With
the spectral resolution of SDO/EVE along with SOLSTICE
and the TIMED and SORCE XPS ‘model’ products, the
entire range from 0.1-300 nm will also be available at 0.1
nm, allowing FISM2 to be improved a similar 0.1nm
spectral bins. FISM also will have a TSI component that
will estimate the total radiated energy during flares based
on the few TSI flares observed to date. Presented here will
be initial results of the FISM2 modeling efforts, as well as
some challenges that will need to be overcome in order for
FISM2 to accurately model the solar variations on time
scales of seconds to decades.
Coupled model for the formation of an active region
corona
Author(s): Chen, Feng (1), Bingert, Sven (2), Peter, Hardi
(3), Cameron Robert (4), Schüssler, Manfred (5), Cheung,
Mark C. M. (6)
Affiliation(s): (1) Max Planck Institute for Solar System
Research, Katlenburg-Lindau, Germany, (2) Lockheed
Martin Solar and Astrophysics Laboratory, CA, USA
We will present the first model that couples the formation
of an active region corona to a model of the emergence.
This allows us to study when, where, and why active region
loops form, and how they evolve. For this we use an
existing 3D radiation MHD model of the emergence of an
active region through the upper convection zone and the
photosphere as a lower boundary for a coronal model. Our
3D MHD coronal model accounts for the braiding of the
magnetic field lines that induces currents in the corona that
is getting filled with the emerging magnetic field. Starting
with a basically field-free atmosphere we follow the flux
emergence until numerous individually identifiable hot
coronal loops have been formed. The temperatures in the
coronal loops of well above 1 MK are reached at densities
corresponding to actually observed active region loops. The
loops develop over a very short time period of the order of
several minutes through the evaporation of material from
the chromosphere. Because we have full access to the
heating rate as a function of time and space in our
computational domain we can determine the conditions
under which these loops form.
Coordinated Observations of On-Disk Type II Spicules
with IBIS and Hinode

Author(s): Xin Chen (1), Na Deng (1), Ju Jing (1),
Alexandra Tritschler (2), Kevin Reardon (3,4) and Haimin
Wang (1)
Affiliation(s): (1) Space Weather Research Laboratory,
New Jersey Institute of Technology (2) National Solar
Observatory, Sunspot, NM (3) INAF - Osservatorio
Astrofisico di Arcetri, Florence (4) Astrophysics Research
Centre, Queen’s University, Belfast
Ubiquitous small-scale spicules/jets in the chromosphere
are believed to be an important ingredient contributing to
coronal heating and solar wind by supplying energy and
mass upwards. In particular, type II spicules discovered at
the solar limb (De Pontieu et al. 2007) and their highly
probable chromospheric on disk counterpart "Rapid
Blueshifted Excursions" (RBEs; Langangen et al. 2008)
have drawn much attention in recent years. Their rapid
heating, high speed upflow and association with magnetic
field indicate that the most possible underlying driving
mechanism is magnetic reconnection on small scales. In
order to understand the physical properties of these
features, we carried out a coordinated high resolution and
high cadence observation of chromospheric RBEs using the
Interferometric BIdimensional Spectrometer (IBIS) at the
Dunn Solar Telescope and photospheric magnetic fields
using Hinode SOT/SP and SOT/NFI in October 2011. We
identify RBEs based on the IBIS observations, study their
properties (velocity, density, temperature etc.) by statistical
analysis and show their relationship with signatures of
small-scale magnetic reconnection in the Hinode
magnetograms. Furthermore, we search for coronal
counterpart of RBEs from observations of the Atmospheric
Imaging Assembly (AIA) onboard the Solar Dynamics
Observatory (SDO). References: De Pontieu, B. et al. 2007,
PASJ, 59, 655-662 Langangen, O. et al. 2008, ApJ, 679,
L167
The Coronal Mass Source for Post-Eruption Arcade
Loops
Author(s): Cheung, M. C. M. (1), Title , A. M. (1),
Boerner, P. (1)
Affiliation(s): Lockheed Martin Solar & Astrophysics
Laboratory
Dark, sunward propagating features above post-eruption
arcades have long been studied using X-ray and EUV data
since their first reported discovery in the Yohkoh era. The
data suggests that these so-called supra-arcade downflows
(SADs, sometimes referred to as tadpoles) may be
evacuated field lines retracting from the current sheet
beneath a coronal mass ejection. In this study, we focus on
the bright material in between tadpoles. AIA observations
indicate that this high emission-measure (EM) material is
also propagating sunward. From this empirical detection,
we argue that a large fraction of retracting field lines is
loaded with mass. This plasma, which was initially thrown
up into the high coronal during the preceding CME launch,
is trapped in the reconnected magnetic field lines. As these

field lines retract toward a more force-free configuration,
they pump the plasma sunward and compress the plasma to
high densities, temperatures (T > 10 MK) and EMs, leading
to the fuzzy haze above the post-eruption arcade loops. The
fuzzy haze actually precedes the formation of distinct
arcade loops, which originate starting from the loop tops
(which are near the bottom of the haze) instead of the
footpoints. We suggest this occurs because the bottom of
the haze is the region that has experienced the most
compression (due to pile-up up of retracting field lines) and
is thus an ideal location for catastrophic cooling to occur.
“Reconstructing the Subsurface Three-Dimensional
Magnetic Structure of A Solar Active Region Using
SDO/HMI Observations”
Author(s): Georgios Chintzoglou, Jie Zhang
Affiliation(s): George Mason University
A solar active region (AR) is a three-dimensional magnetic
structure formed in the convection zone, whose property is
fundamentally important for determining the coronal
structure and solar activity when emerged. However, our
knowledge on the detailed 3-D structure prior to its
emergence is rather poor, largely limited by the low
cadence and sensitivity of previous instruments. Here, using
the 45-second high-cadence observations from the
Helioseismic and Magnetic Imager (\emph{HMI}) onboard
the Solar Dynamics Observatory (\emph{SDO}), we are
able for the first time to reconstruct a 3-D Datacube and
infer the detailed subsurface magnetic structure of NOAA
AR 11158 and to characterize its magnetic connectivity and
topology. This task is accomplished with the aid of the
image-stacking method and advanced 3-D visualization.
We find that the AR consists of two major bipoles, or four
major polarities. Each polarity in 3-D shows interesting
tree-like structure, i.e. while the root of the polarity appears
as a single tree-trunk-like tube, the top of the polarity has
multiple branches consisting of smaller and thinner fluxtubes which connect to the branches of the opposite polarity
that is similarly fragmented. The roots of the four polarities
align well along a straight line, while the top branches are
slightly non-coplanar. Our observations suggest that an
active region, even appearing most complicated on the
surface, may originate from a simple straight flux-tube that
undergoes both horizontal and vertical bifurcation processes
during its rise through the convection zone.
Progress Report of Korean Data Center for SDO
Author(s): Choi, S., Hwang, E., Baek, J.-H., Kim, Y.-H.,
Park, Y.-D., and Cho, K.-S.
Affiliation(s):
Korea Astronomy and Space Science
Institute
KASI has been constructing Korean Data Center for SDO
based on the letter of agreement between KASI and NASA
for space weather research. We have installed a data
transfer server and a storage system about 1.5 PB. We have

successfully installed NetDRMS to synchronize database
and JMD to download FITS files with the help of Stanford
University and NSO. We will increase its storage capacity
more from year to year. In 2013, we will improve network
performance and stability through GLORIAD between
Stanford University and KASI, and it will be integrated
with VSO (Virtual Solar Observatory). In addition,
scientists and space weather institutes will be able to access
Korean
data
center
through
the
website
(http://sdo.kasi.re.kr) and the visualization tool that is in
development and be scheduled to be released in the middle
of this year. The Korean Data Center for SDO will
contribute space weather researches and applications not
only in Korea but also over the world.
Comparison Between Line-Of-Sight Observables And
Milne-Eddington Inversion Results From HMI: 24- And
12-hour Period Oscillations
Author(s): Couvidat, Sebastien (1), Liu, Yang (1),
Scherrer, Philip H. (1), Schou, Jesper (1), and the HMI
Team
Affiliation(s): (1) Stanford University, CA, USA
Oscillations with 12 and 24 hour periods are visible in
sunspots on line-of-sight (LOS) observables and, to a lesser
extent, on Milne-Eddington (ME) inversion results from the
SDO/HMI instrument.Such oscillations are artifacts
produced by the LOS algorithm and ME inversion
procedure, and are not of solar origin. For instance, the
LOS algorithm depends on an Fe I line profile and on HMI
filter transmission profiles to convert the HMI intensities
into Doppler velocities and LOS magnetic-field strengths:
one of the issues we encountered is that in the presence of
strong fields the Fe I profile used is inappropriate and
results in errors in the left and right circular polarization
velocity estimates. Here we present some properties of
these 12- and 24-hour period oscillations, and we discuss
their origin and the possibility of improving the LOS
algorithm and ME inversion procedure to reduce their
amplitudes.
Turbulence as a Unifying Principle in Coronal Heating
and Solar Wind Acceleration
Author(s): Steven R. Cranmer
Affiliation(s): Harvard-Smithsonian Center for
Astrophysics
The origins of the hot solar corona and the supersonically
expanding solar wind are still the subject of much debate.
Far from there being a shortage of ideas, there is in fact a
surplus of proposed physical mechanisms, each of which
requires testing by comparison with the right observations.
Many of the suggested processes are related to the
dissipation of solar MHD waves, and many involve
multiple steps of energy conversion between waves,
turbulence, current sheets, and other nonlinear plasma
features. This presentation will give a summary of

wave/turbulence models that seem to succeed in explaining
the time-steady properties of the corona and the existence
of fast and slow solar wind streams. Models employing
turbulent heating have been found to reproduce many of the
observed features of the fast and slow solar wind without
the need for artificial "coronal heating functions" used by
earlier models. The newest versions of these models are
also being used to simulate the development of corotating
stream structures at 1 AU, seeded by small-scale coronal
flux tubes resolved at the sub-arcsecond level at the solar
surface. This presentation will also summarize the results of
time-dependent 3D reduced MHD simulations of turbulence
in coronal loops and open field regions. These simulations
largely validate the phenomenological turbulent heating
terms used in larger-scale models, and they shed light on
the apparent inability of slow quasi-static "braiding" to
provide sufficient energy to explain coronal heating.
EUNIS 2013 and Beyond: Resolving the AIA 94 and 131
Å Bandpasses
Authors: A. Daw (1), J. Brosius (2), J.P. Haas (1), E. Landi
(3), D. Linard (4), T. Plummer (1), D. Rabin (1), R. Thomas
(4), T. Wang (2)
Affiliations: (1) NASA Goddard Space Flight Center (2)
Catholic University of America at NASA-GSFC (3)
University of Michigan (4) NASA-GSFC Emeritus
The Extreme Ultraviolet Normal Incidence Spectrograph
(EUNIS) sounding rocket instrument is a two-channel
imaging spectrograph that observes the solar corona and
transition region with high spectral resolution and a rapid
cadence made possible by unprecedented sensitivity. The
upcoming flight will incorporate a new wavelength channel
covering the range 524–630 Å, the previously-flown 300370 Å channel, and the first flight demonstration of cooled
active pixel sensor (APS) arrays. With the resulting readnoise limited performance, over a dozen new diagnostic
line pairs become available in the two wavelength channels.
The new 524–630 Å channel incorporates a Toroidal Varied
Line Space (TVLS) grating coated with B4C/Ir, providing
broad spectral coverage and a wide temperature range of
0.025 to 10 MK. Absolute radiometric calibration of the
two channels is performed using a hollow cathode
discharge lamp and NIST-calibrated AXUV-100G
photodiode. EUNIS will co-observe dynamic coronal
phenomena with SDO/AIA and Hinode/EIS and will
contribute to the absolute radiometric calibrations of these
instruments. Plans for future wavelength channels to cover
the AIA 94 and 131 Å bandpasses and address the currently
unresolved spectral lines (and therefore temperature
responses) within them are presented.
Some Difficulties in Determining
Sympathetic Solar Events

Causality

of

Author(s): M.L. DeRosa(1), C.J. Schrijver(1), A.M.
Title(1), A.R. Yeates(2)

Affiliation(s):
(1) Lockheed Martin Solar and
Astrophysics Laboratory (2) Department of Mathematical
Sciences, Durham University
Much has been made regarding the occurrence of
synchronous eruptive events occurring in the solar corona.
Determining the frequencies at which they occur and
understanding the causal linkages that may connect such
events (making them sympathetic in addition to
synchronous) are an area of active research. Causal linkages
are observed to take the form of (1) disturbances in
magnetic fields that connect active regions, (2) disturbances
in the magnetic field configuration overlying active regions,
and/or (3) triggering by disturbances propagating from one
region to another. Here we display two types of
synchronous events: those where, using a combination of
image sequences from SDO and STEREO as well as
coronal-field modeling, evidence for sympathy seems solid,
and those where evidence of sympathy is more ambiguous.
We use these two types of cases to illustrate some
difficulties in establishing whether synchronous events are
in fact sympathetic. This has implications for determining
the frequency and importance of sympathetic events, and
thus for understanding of coronal field evolution and the
origins of space weather.
Coronal Post-Flare Dynamics for 14 August 2010 Late
Phase of the Coronal Dimming Event
Author(s): Leonid Didkovsky (1), Darrell Judge (1), Seth
Wieman (1), Tom Woods (2), Rachel Hock (3), Phillip
Chamberlin (4), Kent Tobiska (5), Hugh Hudson (6)
Affiliation(s): (1) University of Southern California, (2)
Laboratory for Atmospheric and Space Physics, (3) US Air
Force, (4) Goddard Space Flight Center, (5) Space
Environment Technologies, (6) Space Sciences Laboratory
Coronal irradiance dynamics related to the 14 August 2010
C4.4 post-flare event was analyzed using EUV spectral
emission lines in the range of logT from 5.8 to 6.4 (0.7 to
2.6 MK). Temporal changes of high-resolution spectral
irradiance for different thermal layers of the Corona from
the Extreme ultraviolet Variability Experiment (EVE)
onboard the Solar Dynamics Observatory (SDO) were
compared to study both a decrease and an increase of the
spectral irradiance during the late phase of the coronal
dimming. We found an irradiance decrease which
propagated from the low-temperature layer to the higher
temperature layers with much lower speed than the speed of
the `horizontal’ dimming wave inside the low-temperature
layer. This upward decrease of the irradiance in the coronal
layers may represent a `vertical’ spatial perturbation of the
plasma within these layers in response to the plasma density
and temperature decreases of the dimming wave. The
perturbation may cause a redistribution of the coronal loops
and trigger the late phase of the flare. The increase of the
irradiance detected in the high-temperature coronal layers
where the late phase of the flare occurred after 12 UT was

propagating in part downward, restoring the pre-dimming
plasma conditions in these Coronal layers.

Understanding the Dynamics of Supergranulation Using
Helioseismology and Linear Acoustic Simulations

Flare Footpoint Regions Observed by the Extremeultraviolet Imaging Spectrometer (EIS) on Hinode

Author(s): T.L. Duvall Jr., S.M. Hanasoge
Affiliation(s): NASA/GSFC ; Princeton Univ.

Author(s): G. A. Doschek, H. P. Warren, P. R. Young, &
A. Caspi
Affiliation(s): Naval Research Laboratory

Some recent work of Duvall and Hanasoge has suggested
that supergranulation, on average, is shallow, with peak
flows 2 Mm below the photosphere, and is quite vigorous,
with peak flows (vertical 200 m/s; horizontal 700 m/s)
considerably larger than the photospheric values (vertical
10 m/s; horizontal 300 m/s). This result is based on
measurements of center-annulus travel time differences
measured in time-distance helioseismology with larger
separations (up to 24 heliocentric degrees) than previously
considered and on ray theory forward modeling. This result
is somewhat at odds with earlier work based on smaller
separations (less than 5 heliocentric degrees). To test
whether the vigorous, shallow supergranulation is viable,
linear acoustic simulations were done with flow
perturbations consistent with the above result. The depth of
the model is 70 Mm, enabling the use of separations up to
18 deg heliocentric. The simulation has high enough
horizontal resolution to study small separations (~ 1 deg)
and also to examine the f mode. With this simulation then,
we should be able to examine then both short and large
separations and both p and f modes. By computing rays
through the flow model, we can also then test the
applicability of ray theory for this particular case.

The Extreme-ultraviolet Imaging Spectrometer (EIS) on
Hinode has observed flare footpoints using a variety of
studies designed to observe various aspects of the solar
flare Standard Model. Some of these observations are
accompanied by imaging data from RHESSI. We present
observations of upflows in flare footpoint regions obtained
from picket-fence raster observations of two flares that
occurred on 24 and 25 September 2011. The observations
consist of upflow and non-thermal speeds at various
temperatures (from about 1 MK to 15 MK) at footpoint
regions as well as a limited differential emission measure.
RHESSI observations provide constraints on the energetic
electron precipitation into the footpoints. Electron densities
are available from an Fe XIV ratio, and SDO AIA data are
also investigated for context. The RHESSI energy input
will be assessed in terms of 1D models of the footpoint
regions.
Social Media - An Interactive and Engaging Approach
to Bring the Science to the People
Author(s): Romeo Durscher, Martha Wawro
Affiliation(s): Stanford University, NASA GSFC
NASA has embraced social media as a valuable tool to
communicate the activities of the agency in fulfillment of
its mission. Team SDO continues to be on the forefront of
using social media in a very engaging and interactive way
and share mission information, solar images and space
weather updates via a variety of social media platforms and
outlets. We will present the impact SDO’s social media
strategy has made, including follower, friends and fan
statistics from Twitter, Facebook, YouTube, Google+ and
other outlets. We will discuss the various social media
outlets and the techniques we use for reaching and engaging
our audience. Effectiveness is measured through the use of
various automatically gathered statistics and level of public
engagement. Of key importance to effective social media
use is having access to scientists who can quickly respond
to questions and express their answers in meaningful ways
to the public. Our presentation will highlight the importance
of scientist involvement and suggest ways for encouraging
more scientists to support these efforts. We will present
some of the social media plans for 2012 and discuss how
we can continue to educate, inform, engage and inspire.

Large-Scale Dynamics of the Solar Convection Zone:
Puzzles, Challenges, and Insights from a Modeler's
Perspective
Author(s): Featherstone, Nicholas A. (1), Miesch, Mark S.
(2)
Affiliation(s): High Altitude Observatory, NCAR
Meridional circulations and rotational shear serve as a key
ingredient in many models of the solar dynamo, likely
playing an important role in the maintenance and timing of
the solar cycle. These global-scale flows must themselves
be driven by the large-scale overturning convection thought
to pervade the outer layers of the Sun. As these deep
interior motions are inaccessible to local helioseismic
analyses in virtually all respects, global-scale numerical
models have become a widely-used tool for probing their
dynamics. Such models must confront a number of
challenges, however, if they are to yield an accurate
description of the convection zone. These difficulties stem
in part from the Sun's location in parameter space being far
removed from anything accessible to modern
supercomputers, but also from questions concerning how to
best capture the salient, but generally unresolvable, physics
of the tachocline and near-photospheric layers. In recent
years, global-scale models have made good contact with
observations in spite of these challenges, presumably owing
to their ability to accurately reflect the large-scale balances

established throughout the convection zone. Due to their
success in reproducing many aspects of the solar
differential rotation and the solar cycle in particular, we
might be encouraged to ask what insights numerical models
can provide into phenomena that are much more difficult to
observe directly. Of particular interest is the possibility that
deep modeling efforts might provide some glimpses into the
nature of the Sun's deep meridional circulation. I will
describe the essential elements common amongst many
global-scale models of the solar convection zone, with
some discussion of the strengths and weaknesses associated
with the assumptions inherent in a typical model setup. I
will then present a class of solar convection models that
demonstrate the existence of two distinct regimes of
meridional circulation. These two regimes depend
predominantly on the the vigor of the convective driving
and possess, in one instance, a single monolithic cell of
circulation in each hemisphere, and in the other instance, a
single cell at high latitudes with multiple cells at low
latitudes. The transition between these two regimes in the
context of solar simulations serves to motivate the need for
careful treatment of heat transport in the upper and lower
convection zone. After discussing the nature of this
transition, I will examine how thermal perturbations
associated with the inclusion of a tachocline might alter this
phenomenon. Finally, I will compare various strategies
employed by different authors to address the nature of heat
transport in the upper boundary layer, focusing on the
implications of each approach for the resulting velocity
amplitudes and the convective heat flux established
throughout the bulk of the convection zone. Convective
amplitudes associated with those regimes that produce a
nearly solar-like differential rotation are in generally good
agreement with those based on theoretical predictions, but
are somewhat higher than those inferred through
helioseismic analysis.
On the Effects of the SDO Orbital Motion on the HMI
Vector Magnetic Field Measurements
Author(s): Fleck, B. (1), Centeno, R. (2), Cheung, M. (3),
Couvidat, S. (4), Hayashi, K. (4), Rezaei, R. (5), Steiner, O.
(5), Straus, T. (6)
Affiliation(s): (1) ESA, (2) HAO, (3) LMSAL, (4),
Stanford Univ., (5) KIS, (6) INAF/OAC
In a previous study we have investigated the magnetic field
diagnostics potential of SDO/HMI. We have used the
output of high-resolution 3D, time-dependent, radiative
magneto-hydrodynamics simulations to calculate Stokes
profiles for the Fe I 6173 Å line. From these we constructed
Stokes filtergrams using a representative set of HMI filter
response functions. The magnetic field vector (x,y) and
line-of-sight Doppler velocities V(x,y) were determined
from these filtergrams using a simplified version of the
HMI magnetic field processing pipeline, and the
reconstructed magnetic field (x,y) and line-of-sight velocity
V(x,y) were compared to the actual magnetic field (x,y,z)
and vertical velocity V0(x,y,z) in the simulations. The

present investigation expands this analysis to include the
effects of the significant orbital motions of SDO, which,
given the limited wavelength range of the HMI filter
profiles, affects the outer wing measurements and therefore
might impact the magnetic field measurements. We find
that the effects of the orbital movement of SDO are
noticeable, in particular for the strongest fields (B > 3 kG)
and the maximum wavelength shift of 5.5 km/s (3.5 km/s
orbital movement + 2 km/s solar rotation). Saturation
effects for strong fields (B > 3 kG) are already visible for
wavelength shifts of 3.2 km/s (orbital movement, disk
center). The measurements of inclination and vertical
velocity are more robust. Compared to other factors of
uncertainty in the inversion of HMI Stokes measurements
the orbital movement is not a major concern or source of
error.
Success of Solar Dynamics Observatory (SDO)
Education & Public Outreach (E/PO) in Montana
Author(s): Freed, M.S.; Lowder, S.C.; McKenzie, D.E.
Affiliation(s): Montana State University
The Space Public Outreach Team (SPOT) program at
Montana State University (MSU) is the main component of
SDO E/PO efforts in Montana. SPOT brings energetic
presentations of recent science & NASA missions to
students in primary & secondary schools. Presenters are
university undergraduates that visit a diverse group of K-12
students from both rural & urban areas of Montana. This
program is extremely cost effective, a valuable servicelearning experience for undergraduates at MSU and has
repeatedly received praise from both teachers and students.
A complementary effort for training schoolteachers entitled
NASA Education Activity Training (NEAT) is also
employed. NEAT illustrates to teachers inexpensive and
highly effective methods for demonstrating difficult science
concepts to their students. We will highlight the successes
and lessons learned from SPOT & NEAT, so that other
E/PO programs can use it as a template to further science
literacy in our nation’s schools.
MHD simulations of flux emergence in an open field
region: Jet formation and explosive events.
Author(s): Klaus Galsgaard (1) Fernando Moreno-Insertis
(2)
Affiliation(s): (1) Niels Bohr Institute, Denmark, (2)
Instituto de Astrofísica de Canarias, Spain
The launch of Hinode in 2006 was the start of a new
interest in the jet phenomena in open field regions. Since
then observations by the Hinode, SDO and Stereo satellites
have shown that one characteristic jet type dominates,
namely the so-called Eiffeltower or inverted-Y jet. The
names arise from the jet's appearance in X-ray, where they
are seen having two small "legs" below a long monolith
structure representing the jet. This structure is interpreted as

the result of the interaction between a newly emerged
bipolar field into an unipolar magnetic field region. This
picture naturally leads to magnetic reconnection between
the two flux regions, where two the high velocity outflows
from the diffusion region forms both the long jet structure
and the underlying loop structure. To investigate this
scenario in detail, we have preformed new MHD
experiments of the emergence of a magnetic dipole region
into an uniform open field region. The new experiments
represent a significant extension of both the domain size,
the duration of the experiment and the details of the
analysis compared to the one presented in Moreno-Insertis
et al. 2008. We find the initial jet phase to last on the order
of 10 minutes, showing a smoothly evolving structure
which, for a part of the evolution, closely resemblance the
inverted-y structure. A number of characteristic structures
arises around the footpoint region of the loop that may be
compared with observations. Towards the end of this
"steady state" inverted-y jet phase, the amount of flux in the
emerged bipolar region is being exhausted by the
reconnection process and the dynamical evolution enters a
new phase. In this phase we find five explosive eruption
from different parts of the remaining structure. These
eruptions arises from only three main areas of the emerged
flux region, implying that the same physical region can host
repeated instabilities in the magnetic field.
Automated Detection, Characterization and Tracking of
sunspots
Author(s): Suruchi Goel, Shibu K. Mathew
Affiliation(s): Udaipur Solar Observatory, India
Sunspot identification and characterization including
location, area, lifetime, brightness, and so forth are required
for a quantitative study of the solar cycle. Sunspot studies
are also important for the modeling of the total solar
irradiance during the solar cycle. We have developed a
procedure for automatic detection and characterization of
sunspots from full-disk continuum intensity images
applicable for high resolution images from SDO/HMI. Our
procedure is based on active contour method using level set
formulation. The basic idea of level-set formulation for
binary image segmentation is to define a 2-D level set
function such that it has opposite signs for two regions and
the boundary is defined as 'zero' of level-set function. We
implemented the SBGFRLS (Selective Binary and Gaussian
Filtering Regularized Level Set) method for sunspot
detection. It utilizes both the edge information as well as
the region statistics of sunspots. This method is
computationally fast and simple to implement. The
algorithm is designed to run in two levels, once for umbra
and then for penumbra detection with different choices of
detection parameters. The proposed procedure can give all
parameters of sunspots like, location; center of gravity;
area, mean (/min/max) intensity of umbra/penumbra. We
applied this procedure and generated the sunspots catalog
with the above listed parameters from the SOHO/MDI
images. We have also developed an automated procedure to

extract magnetic field values from corresponding
magnetograms (near in time to intensity images) for
detected sunspots regions. Hence, magnetic field values are
also available for the sunspots catalog. Along with the
characterization of detected sunspots we have also
generated the tracking report of all detected sunspots in a
fully unsupervised manner. The characterization and as well
as tracking report of sunspots enable us to study the
evolution of sunspots parameters with the solar cycle.
Extremely Impulsive Eruption associated with an Xclass Flare on 2012 October 23
Author(s): N. Gopalswamy, S. Yashiro, S. Akiyama
Affiliation(s): NASA Goddard Space Flight Center
Typically about 10% X-class solar flares are confined, i.e.,
they are not association with mass ejection or type II bursts
in the metric and longer wavelengths. Failed eruptions are
known to occur occasionally, indicating the weakness of the
propelling force compared to the overlying restraining
forces. Here we report an event on 2012 October 23 that is
closer to an eruptive event: it was associated with a metric
type II burst, EUV disturbance (SDO, STEREO) and an
extremely brief CME in the STEREO coronagraphic field
of view. This paper presents an analysis of the event
showing that the EUV disturbance is close to a blast wave,
but not quite. Model fitting indicates that the speed falls
faster than that of a blast wave indicating a quick shutoff of
the propelling force. We also compare this event with
another eruptive event on 2012 January 27 that had a
similar flare magnitude, but was accompanied by a huge
CME with all the usual interplanetary disturbances.
GAIA-DEM : The Gaussian AIA DEm Maps database
Author(s): C. Guennou, F. Auchère, E. Soubrié and K.
Bocchialini
Affiliation(s): Institut d'Astrophysique Spatiale/CNRS
Providing the amount of emitting material as a function of
the temperature along the line-of-sight, the Differential
Emisssion Measure (DEM) analysis is a widespread
diagnostic tool, used for most types of coronal structures.
With six available coronal bands, the AIA instrument on
board the SDO satellite provides new possibilities to more
reliably estimate the DEM than previous UV imagers, and
over a large FOV. The purpose of this database is to
provide synoptic Gaussian DEM inversions of the AIA
data. Using our recent results (Guennou et al. 2012a and
2012b), these maps can be then interpreted, taking
advantage of our new tools developed to facilitate the DEM
interpretation. The GAIA database provides the best
Gaussian DEM fit matching the observations. A Gaussian
form is a good first order approximation to determine the
main thermal characteristics of the coronal plasma. With
generally four inversions per day, at a 6 hours cadence, this
database enables the user to quickly examine the global

evolution of the thermal structure of the solar corona. DEM
maps are available at http://medoc-dem.ias.u-psud.fr/.
Can the Differential Emission Measure diagnostic be
used to constrain the timescale of energy deposition in
the corona?
Author(s): C. Guennou, F. Auchère, J. A. Klimchuk, K.
Bocchialini and S. Parenti
Affiliation(s): Institut d'Astrophysique Spatiale/CNRS
Differential emission measure (DEM) analysis is a
widespread tool used to diagnose the thermal properties of
coronal plasmas. The slope of the DEM distribution
coolward of the coronal peak (near 3-4MK in active
regions) can be used to diagnose the timescale for the
energy deposition repeating on a given magnetic strand.
Recent AR studies suggest that some active region cores are
consistent with low frequency heating mechanisms, where
the plasma cools completely before being reheated, while
other show consistency with high frequency energy
deposition, where rapid reheating causes the temperature to
fluctuate about a particular value. Distinguishing between
these possibilities is important for identifying the physical
mechanism of the heating. It is therefore crucial to
understand the uncertainties in measurements of observed
DEM slopes. In this work, based on a probabilistic
approach and Monte Carlo simulations, we carefully assess
the errors in the slopes determined from EIS data. We
consider both the random errors due to photon counting
statistics, and the systematic errors associated with
uncertainties in atomic physics and instrument calibration.
The technique developed provides all the solutions
consistent with the data and their associated probabilities.
We demonstrate how the quality and the accuracy of the
inversion are affected by the presence of noises and
systematic errors, and we characterise the quality of the
DEM inversion and its statistical properties. From these
results, estimation of the uncertainties in the reconstructed
slopes can be derived, thereby allowing a proper
interpretation of the degree of agreement between
observations and heating model predictions.
Tomographic reconstructions of large scale coronal
structures
Author(s): C. Guennou, F. Auchère, D. Seaton, A. Canou,
N. Barbey, K. Bocchialini
Affiliation(s): Institut d'Astrophysique Spatiale/CNRS
Classical plasma diagnostic techniques suffer from the line
of sight (LOS) integration problem, which can confuse
structures to the point that measurements crucial to the
understanding of coronal physics are difficult to interpret.
Tomography provides one way of understanding the LOS
content, giving important insights on the morphology and
physical properties of the coronal structures. Large scale,
long-lived, arch-like structures are observed in the field of

view of EUV telescopes at mid-latitudes, most notably in
the 174 nm passband. In the present work, we use
tomographic inversions of the solar corona the 3D
morphology of these structures. We focus on a 28 days
period of data from July/August 2012 during which some of
these features were observed up to 1.7 Rsol by the
SWAP/PROBA2 telescope. Additional multi-wavelength
observations in the 6 bands of AIA/SDO are used to derive
the corresponding 3-D maps of electron density and
temperature. The results are then compared with global
magnetic field extrapolations. We conclude by proposing an
interpretation of the morphology of these structures as seen
in EUV images.
Spatiotemporal scaling of the photospheric magnetic
field in the active region AR11158
Author(s): Guerra, Jordan (1,2); Pulkkinen, Antti (1,2);
Uritsky, Vadim (1,2); Yashiro, Seiji; Davila, Joe (2)
Affiliation(s):
(1) Catholic University of America,
Washington DC. (2) NASA GSFC, Greenbelt, MD.
Spectral analysis of the multiscale photospheric magnetic
field in solar active regions requires high spatial and
temporal resolution of the data in order to resolve small and
rapidly varying magnetic structures. The Helioseismic and
Magnetic Imager (HMI) on board the SDO spacecraft
provides high quality imaging data which can be used to
extract detailed spectral information on solar dynamics. In
this talk, we analyze an extensive set of line-of-sight SDO
HMI magnetograms corresponding to the active region
NOAA AR 11158, between Feb. 10 and 19, 2011. During
this time period, a major X-class flare (Feb. 15) and a few
M-class flares were observed. We study the spatial and
temporal behavior of the magnetograms by measuring the
power-law exponents of the magnetic field power spectra as
a function of the Fourier wavenumber and frequency,
correspondingly. Our results show that the joint time
evolution of these scaling indices are an informative
measure of solar magnetic complexity providing a new
insight into the turbulent state of the photospheric magnetic
field. The behavior of the magnetic spectral indices is
compared with the dynamics of the coronal emission from
the same active region as observed at two AIA wavelengths
(094 Å and 193 Å) in the search of new precursors of
flaring activity.
Temperature and Electron Density Diagnostics of a
Candle-Flame Shaped Flare. Asymmetric Reconnection
Evidence
Author(s): Silvina E. Guidoni (1), David E. McKenzie (2),
Dana W. Longcope (2), Joseph E. Plowman (2), Keiji
Yoshimura (2)
Affiliation(s): (1) NASA Goddard Space Flight Center, (2)
Montana State University - Bozeman

Candle-flame shaped flares are archetypical structures that
represent indirect evidence of magnetic reconnection. For
long-lived events, most of their observed features can be
explained with the classic magnetic reconnection model of
solar flares, the CSHKP model. A flare resembling 1992
Tsuneta's famous candle-flame flare occurred on January 28
2011; we present its temperature and electron density
diagnostics. This flare was observed with Hinode/XRT,
SDO/AIA, and STEREO (A)/EUVI, resulting in high
resolution, broad temperature coverage, and stereoscopic
views of this iconic structure. Our XRT filter-ratio
temperature and density maps corroborate the general
reconnection scenario. The high temperature images reveal
a brightening that grows in size to form a tower-like
structure at the top of the post-flare arcade, a feature that
has been observed in other long duration events. This tower
is a localized density increase, as shown by our XRT
electron density maps. Despite the extensive work on the
standard reconnection scenario, there is no complete
agreement among models regarding the nature of this
tower-like structure. The XRT maps also reveal that
reconnected loops that are successively connected at their
tops to this tower develop a density increase in one of their
legs that can reach over 2 times the density value of the
other leg, giving the appearance of ``half-loops''. Their
density is nevertheless still lower than at the tower. These
jumps in density last longer than several acoustic transit
times along the loops. We use STEREO images to show
that the half-loop brightening is not a line-of- sight
projection effect of the type suggested by Forbes and Acton
(1996). This would indicate that asymmetric reconnection
took place between loops originally belonging to systems
with different magnetic field strengths, densities, and
temperatures. We hypothesize that the heat generated by
reconnection's slow shocks is then transferred to each leg of
the loop at different rates. Therefore, the increase in
electron density due to chromospheric evaporation is
different in each leg. Thermal pressure balance between the
legs is prevented by shocked plasma at the top of the loops.
We also present preliminary results comparing a new fast
DEM method that uses SDO/AIA data with the XRT filter
ratio method. Both methods complement each other, they
agree at the overlap between their instruments' temperature
response functions ($3-12$ MK) while the SDO/AIA
method works well at lower temperatures and the XRT one
at higher temperatures.

rotation in the convection envelope of the Sun, throwing
into question models of dynamo action.
Diary of a Wimpy Cycle
Author(s): Hathaway, David H. (1), Upton, Lisa (2) (3)
Affiliation(s): (1) NASA Marshall, Huntsville, AL, (2)
Univ. Alabama, Huntsville, AL, (3) Vanderbilt University,
Nashville, TN
The cause of the low and extended minimum in solar
activity between Sunspot Cycles 23 and 24 was the small
size of Sunspot Cycle 24 itself – small cycles start late and
leave behind low minima. Cycle 24 is small because the
polar fields produced during Cycle 23 were substantially
weaker than those produced during the previous cycles and
those (weak) polar fields are the seeds for the activity of the
following cycle. Here we discuss the observed
characteristics of Cycle 24 and contrast them to the
characteristics of previous cycles. We present observations
and Magnetic Flux Transport simulations with data
assimilated from SOHO/MDI and SDO/HMI that help to
explain these differences and point the way to predictions
of future activity levels.
A data-driven MHD simulation of solar active regions
with HMI data.
Author(s): Keiji Hayashi(1) and HMI vector magnetic field
team
Affiliation(s): (1) Stanford University

Weak convective flows on large scales in the solar
interior

We will show our preliminary results of the MHD
simulation of the active regions using the HMI vector
magnetic field data. In this simulation, the initial value of
the magnetic field is the nonlinear force-free field (NLFFF),
and the plasma flow on the bottom boundary is given by
DAVE4VM that, in this case, uses the HMI vector data. In
this way, all data given as initial and boundary values are
deducted from HMI vector magnetic field measurements.
Then, the evolution of the MHD variables is traced by
means of time-dependent MHD model. Our MHD model
uses computational strategies, such as TVD, MUSCL,
FVM, and the projected normal characteristic method.
Results from test runs suggest that the results depend on the
initial density that can be given somewhat arbitrarily. This
is somewhat expected but challenging. We are refining
model and settings, and we will show the latest results and
status of our model.

Author(s): Shravan Hanasoge
Affiliation(s): Princeton University

What can the stars tell us about the Sun?

Seismic analyses of observations taken by HMI reveal
convective velocities that are almost two orders in
magnitude smaller than current theoretical and
computational predictions. The associated Reynolds'
stresses would be too small to explain the observed largescale flow systems of meridional circulation and differential

Author(s): Hekker, Saskia
Affiliation(s): Astronomical Institute Anton Pannekoek,
Amsterdam, The Netherlands
The Sun is our best studied star, but it is only one star. To
study the context of the Sun in terms of stellar evolution,

but also in parameter space such as metallicity, rotation,
magnetic fields or mass we need information about other
stars. The CoRoT and Kepler satellites provide excellent
data for asteroseismology on a wide variety of stars. With
these observations it will be possible to find out whether
our Sun is just an ordinary star or a very special one. We
may also learn about the past of the Sun and predict how
the Sun will evolve.

and high school astronomy lab teachers who might consider
trying the labs themselves.

Polar Coronal Hole Areas from 1996 through Present

The EVE flare catalog was created to study all of solar
flares observed by SDO larger than C1.0 and to produce a
complete picture of the EUV variability of flares. In the
process of developing the catalog, I discovered that flares
can be placed into one of five EVE flare categories. The
EUV irradiance signature of these categories is unique and
closely related to the magnetic structure of the flare region.
Preliminary analysis of the EVE flare catalog from the first
eighteen months of the SDO mission show strong
asymmetries both in the total number of flares and EVE
flare categories between the northern and southern
hemispheres. Over 60% of flares larger than C1.0 occurred
in the northern hemisphere. Furthermore, arcade or tworibbon flares occurred frequently than expected in the
northern hemisphere while more localized eruptive flares
(flares associated with EUV surges) occurred in the
southern hemisphere while This work will expand that
preliminary analysis by examining the full SDO mission
and including other features of the flares such as the
McIntosh classification of the active region and associated
radio bursts. By examining asymmetries in flare production
for almost three years, I will be able to address whether the
hemispheric differences in flares are a result of the southern
hemisphere is simply “lagging behind” the northern
hemisphere or whether each hemisphere is undergoing a
unique cycle.

Author(s): S.A. Hess Webber, N. Karna, W.D. Pesnell
Affiliation(s): GMU, GSFC
The evolutionary analysis of the polar coronal hole (PCH)
areas from the beginning of solar cycle 23 through the cycle
24 minimum has introduced several new scientific results
regarding changes in the magnetic field configuration
during the past solar cycle. Observations show that the PCH
sizes peak at discrete times in the two hemispheres,
suggesting that the two poles reach solar minimum
(magnetic maximum) up to three years apart. The northern
polar hole has also decreased significantly in size since
2010, while the southern hole has remained stable. This
indicates that the northern hemisphere has already reached
solar maximum even though the southern hemisphere has
yet to peak.
Using Solar Dynamics Observatory Data in the
Classroom to Do Real Science - A Community College
Astronomy Laboratory Class Investigation
Author(s): Scott Hildreth, Shannon Lee, Timothy Dave,
Deborah Scherrer, Philip Scherrer
Affiliation(s):
Chabot Community College, Stanford
University
The incredible accessibility of extremely high spatial and
temporal resolution data from the Solar Dynamics
Observatory creates an opportunity for students to do near
real-time solar investigations in an astronomy lab
environment. We are developing a short series of laboratory
exercises using SDO (AIA, HMI) data, targeted for
Community College students in an introductory astronomy
lab class, extendable to high school and university students.
The labs initially lead students to explore what SDO can do,
online, through existing SDO video clips taken on specific
dates. Students then investigate solar events using the
Heliophysics Events Knowledgebase (HEK), and make
their own online movies of events, to discuss and share with
classmates. Finally, students can investigate specific events
and areas, selecting specific dates, locations, wavelength
regions, and time cadences to create and gather their own
SDO datasets for more detailed investigation. In exploring
the Sun using actual data, students actually do real science.
We are in the process of beta testing the sequence of labs,
and are seeking interested community college, university,

Asymmetries in Flare Production during Solar Cycle 24
Author(s): Rachel Hock
Affiliation(s): US Air Force Research Laboratory, Space
Vehicle Directorate

Solar global convection with the Reduced Speed of
Sound Technique
Author(s): Hideyuki Hotta (1) Matthias Rempel (2)
Takaaki Yokoyama (3)
Affiliation(s): (1), (3) University of Tokyo, Tokyo, Japan
(2) High Altitude Observatory, CO, USA
We achieve high-resolution numerical calculations of the
solar global convection with the reduced speed of sound
technique (RSST). Compared with the anelastic
approximation, the RSST has two advantages: 1. Good
scaling in parallel computing. 2. Accessibility to the real
solar surface. Thus, our calculation can have the resolution
of 720x1280x3072 and the top boundary can be at
r=0.99Rsun at maximum. In addition we adopt OPAL
repository, since the ionization effect is not negligible in
near-surface region. Our calculation can capture
supergranulation scale (10Mm) convection pattern. In the
presentation, the detail of our achievement will be shown.

Affiliation(s): NJIT
Can Alfven wave turbulence explain
temperature loops in the quiet corona?

inverted

We recently studied the quiet Sun (QS) corona during solar
minimum with the Michigan Loop Diagnostic Technique
(MLDT), which combines Differential Emission Measure
Tomography (DEMT) with magnetic models to determine
the electron density and electron temperature along
individual magnetic field lines (ApJ v. 755 p. 86, 2012). In
that work, we found two types of QS coronal loops: "up"
loops in which the temperature increases with height, and
"down" (inverted temperature) loops in which the
temperature decreases with height. Furthermore, we found
the "up" loops are dominant in high latitude regions while
"down" loops are ubiquitous in low latitude regions. In the
present work, we use one of the most sophisticated solar
corona models, the Michigan Two-Temperature Alfven
Wave Driven Model, to explore the corona heating
problem. The model is based on the the BATSRUS code,
and is developed as part of the Space Weather Modeling
Framework (SWMF). It is a 3D global model, driven by
synoptic magnetograms and with an upper chromospheric
inner boundary. The solar corona is heated by Alfven
waves: open field lines with reflected wave dissipation and
closed field lines with counter-propagating waves. We find
that enhanced Alfven wave reflection in the low corona
may explain the observed "up" and "down" loops feature in
the solar corona.

The MHD model by Kusano et al. (2004) shows that flares
are triggered by the injection of reversed helicity into the
magnetic polarity inversion line (PIL). Here we present
observations of reversed helicity injection in the active
region NOAA 11158 from 2011 February 12 to 16 during
which two major flares with GOES class M6.6 and X2.2,
respectively, occurred. We have calculated magnetic
helicity by counting the emerging motion as well as
shearing motion of the magnetic fields by applying the
Differential Affine Velocity Estimator for Vector
Magnetograms (DAVE4VM, Schuck 2008) to a sequence
of photospheric vector magnetograms of the Helioseismic
and Magnetic Imager (HMI) on the Solar Dynamic
Observatory (SDO). Amount of the accumulated helicity
injected in this active region over the five-day period is
estimated to be $\sim2\times10^{43}$ Mx$^2$, mainly
contributed by the shearing motion of magnetic fields. By
examining the series of helicity density maps, we find the
intermittent injection of negative helicity as well as the
persistent accumulation of positive helicity in the region
located around the magnetic PIL. We further use the
Southwest Automatic Magnetic Identification Suite
(SWAMIS) to detect and track each feature with reversed
helicity (i.e., negative helicity in this case). A total of 19
reversed-helicity features are detected, and their location,
lifetime, maximum area and flux variation are presented in
this paper. The two most noticeable injections of reverse
helicity appear prior to each of two major flares, M6.6 and
X2.2, respectively. The presented observation may have
implications on the tearing mode instability growing on the
shear inversion layer and magnetic reconnections leading to
flare/CME initiation.

High resolution He I 1083 nm imaging with NST at
BBSO

Energetic characterisation and statistics of solar coronal
bright points with SDO/AIA

Author(s): Haisheng Ji
Affiliation(s): Purple Mountain Observatory

Author(s): Joulin, Buchlin, Guennou, Solomon
Affiliation(s): Institut d'Astrophysique Spatiale

I will report some interesting results of 1083 nm narrowband imaging with NST at BBSO. Simultaneous
observations made by AIA and HMI on board SDO are
used for coordinated analysis. Following results will be
reported: 1) Continuous small scale, impulsive events have
been tracked from their origin in the photosphere's
intergranular lanes on through to their brightening of the
local corona. 2) Observation of magnetic reconnection
initiated and driven by granule scale advection. 3) Eruption
of a flux rope triggered by shear motion around a sunspot
light bridge. 4) Preliminary results of an M-class flare.

To explain the high temperature of the corona, much
attention has been paid to the distribution of energy in
dissipation events. Indeed, if the power-law slope of the
dissipated energy distribution is less than -2, the smallest,
unobservable events could be the largest contributors to the
total energy dissipation in the corona. Observations in EUV
and X-rays have actually shown a distribution of event
energies extending over 8 decades, with a slope close to -2,
but they remain inconclusive about the precise slope.
Furthermore, these results rely on a very crude estimate of
the (thermal) energy. On the other hand, more detailed
spectroscopic studies of events such as coronal bright points
do not provide enough statistical information to derive their
total contribution to heating. In this work we aim at getting
a better estimate of the distributions of the energy
dissipated in coronal heating events, by detecting EUV
brightenings at small spatial and temporal scales (minutes
to few hours) in high-cadence multi-chanel SDO/AIA data

Author(s): Zhenguang Huang, Bart van der Holst, Richard
A. Frazin, Igor V. Sokolov, Ward B. Manchester IV, Rona
Oran, Meng Jin, Alberto M. Vasquez, Tamas I. Gombosi
Affiliation(s): University of Michigan

Properties of Reversed Helicity Injection in Active
Region 11158
Author(s): Ju Jing, Xin Chen, Jeongwoo Lee, Shuo Wang,
Peter W. Schuck, Chang Liu, Yan Xu, Haimin Wang

(94Å, 131Å, 171Å, 193Å, 211Å, 335Å). And using
temperature and emission mesure maps derived from the
same data to compute the thermal energy assiociated to
these events. We compare these distributions of event
energies by this method with previous results.
Coronal Cavities from SDO Observations
Author(s): N. Karna, J.Zhang, W. D. Pesnell, S. A. Hess
Webber
Affiliation(s): GMU, GMU, GSFC-NASA, GMU
Coronal cavities are circular darkened regions observed
above the solar limb in white light and EUV coronal
images. It is believed a region of low density relative to the
surrounding corona. In this study, we are using synoptic
maps made from EUV images from the Atmospheric
Imager Assembly (AIA) instrument on the SDO to
determine the structure and evolution of cavities. The
synoptic maps, constructed from circular rings above the
limb, are found to best show cavities in 211Å (Fe XIV, ~2.0
MK) and 193 Å (Fe XII, ~1.6 MK) and171 Å (Fe IX, ~0.6
MK) pass bands. Moreover, 304Å (He II, ~0.05 MK)
synoptic map best shows the evolution of prominence
associated with cavity. The high spatial and time resolution
combined with the broad temperature coverage provides a
consistent picture of the cavity material and the dynamics
of the structure. Our goal in this work is to study the
cavity’s sizes (height, diameter and length), density and
temperature properties.
Using realistic MHD simulations for modeling HMI
observables
Author(s): I.Kitiashvili (1), S.Couvidat (1), N.Mansour (2),
A.Wray (2), A.Kosovichev (1)
Affiliation(s): 1) Stanford University; 2) NASA Ames
Research Center
The solar atmosphere is extremely dynamic, and many
important phenomena which develop on small scales are
unresolved in the SDO/HMI observations. For correct
calibration and interpretation of HMI observations it is very
important to investigate the effects of small-scale structures
and dynamics on the HMI observables. We use radiative
MHD simulations of the upper turbulent convective layer
and atmosphere of the Sun and spectro-polarimetric
radiative transfer codes to study Stokes profiles of the FeI
6173 line for different conditions in the solar atmosphere,
including quiet-Sun regions with various background
magnetic field strengths and sunspot umbrae and
penumbrae, and discuss effects on HMI observables and
interpretation of the HMI data.
Where is Coronal Plasma Heated?
Author(s): James A. Klimchuk

Affiliation(s): NASA-GSFC
The coupling between the chromosphere and corona is a
question of great interest at the moment. It has long been
understood that coronal mass originates in the
chromosphere and that the energy which powers the corona
flows up through the chromosphere. However, the details of
how this happens are now being questioned. In the
traditional view, “mechanical” energy flows into the corona
in the form of waves or gradually increasing magnetic
stresses. The waves or stresses dissipate and heat the
plasma. The resulting downward thermal conduction flux
causes material to evaporate from the chromosphere and fill
the corona. If the heating is steady, an equilibrium is
established whereby radiation and thermal conduction
balance the energy input. If the heating is impulsive (a
nanoflare), the evaporated plasma cools and drains, only to
reappear during the next event. In either case, the heating
occurs in the corona. A new idea is that the heating occurs
instead in the chromosphere. Cold plasma is directly heated
to coronal temperatures and then flows upward due to
expansion and perhaps also an ejection process. The hot tips
of type II spicules are one example, though spicules need
not be involved. I will discuss these two fundamentally
different scenarios and the observational predictions that
they make. A comparison with actual observations leads to
the conclusion that only a small fraction of the hot plasma
in the corona comes from chromospheric heating. Most
coronal plasma is a consequence of heating that occurs in
the corona itself.
Sunquake Observations from HMI: Time-Distance and
Holography Analyses
Author(s): Kosovichev, Alexander (1), Zhao, Junwei (1)
Affiliation(s): (1) Stanford University, Stanford, CA
HMI observations of solar flares revealed new sunquake
events. We analyze and compare the results obtained using
two different approaches: time-distance analysis and
holography. The time-distance analysis provides detailed
information about physical properties of the flare-excited
helioseismic waves, including their interaction with strong
magnetic field regions. On the other hand, the holography
approach, which measures the integrated signal, allows us
to detect weak events and investigate their relative power
and its frequency dependence. A remarkable features of the
observed events are their strong anisotropy, associated with
the rapid motion of the flare impacts in the low atmosphere,
which are the source of the energy and momentum of
sunquakes. We identify the sunquake source spatialtemporal characteristics and show that source locations
determined from the holographic method systematically
differ from the HMI observed Doppler impact locations.
We discuss the potential mechanisms of sunquakes, and
their relationship to the energy release and transport in solar
flares.

Solar EUV irradiance variability as observed by
SDO/EVE: from flares to long-term variations

Probing vortical motions in the Sun with time-distance
helioseismology

Author(s): M. Kretzschmar
Affiliation(s): LPC2E - CNRS & University of Orléans,
France
The observations of the solar EUV irradiance by SDO/EVE
at both high temporal and spectral resolution allow us for
the first time to investigate irradiance variations both on the
long term and on the time scale of flares. I will first present
the variations of the EUV irradiance spectrum during
several flares, with an emphasis on the spectral distribution
of the flare energy and how it may change with the soft Xray amplitude of the flare. The second part of the
presentation will be devoted to the comparison of the long
term variations of the EUV irradiance observed by
PROBA2/LYRA and SDO/EVE.

Author(s): Langfellner, Jan (1,2), Gizon, Laurent (2,1),
Birch, Aaron (2), Schunker, Hannah (2)
Affiliation(s): (1) Institut für Astrophysik, Universität
Göttingen, Germany, (2) Max-Planck-Institut für
Sonnensystemforschung, Katlenburg-Lindau, Germany

Mass Flows in a Prominence Spine as Observed in EUV
Author(s): T.A. Kucera and H.R. Gilbert
Affiliation(s): NASA/GSFC
We analyze flows in the spine of a quiescent prominence
observed by SDO/AIA. We discuss the appearance of the
prominence in absorption and emission and estimate
quantities including the mass of material flowing in the
spine, measured by analyzing Lyman absorption, velocities
and sizes of moving features, and lifetimes of flows. These
quantities provide constraints on models of prominence
formation and dynamics such as the thermal nonequilibrium model of prominence condensation. This work
is funded by NASA's LWS program
Time delays between radio and HXR observed during
the 2011-02-15 X2.2 solar flare
Author(s): Natsuha Kuroda, Haimin Wang, and Dale Gary
Affiliation(s): New Jersey Institute of Technology
We report the second-scale delays observed between radio
and HXR during the X2.2 solar flare on February 15, 2011.
The delays between different energy channels from various
instruments were previously reported by Dolla et al. in
2012; they reported that the Reuven Ramaty High Energy
Solar Spectroscopic Imager (RHESSI) channels in the 25100 keV range lead all the other channels including the
Nobeyama RadioPolarimeters at 9 and 17 GHz and the
Extreme Ultra-Violet (EUV) channels of the Euv
SpectroPhotometer (ESP) onboard the Solar Dynamic
Observatory (SDO). We looked at RHESSI channels in 25250 keV and Nobeyama channels in 1-35 GHz and found
that, in four data pairs that showed more than 80 %
correlation, the same several RHESSI peaks lead
Nobeyama peaks by few seconds. We discuss the possible
physical meaning of this delay.

Fluid vorticity describes fundamental aspects of the
dynamics of the solar convection zone. For example,
vortical flows play an important role in dynamo models and
inform us about the dynamical effects of rotation on
convection and active region flows. However, no specific
helioseismology technique has so far been developed to
infer vorticity in the solar interior. Here we propose to use a
new geometrical scheme for time-distance helioseismology,
which is particularly sensitive to vertical vorticity. It
consists of measuring the difference in wave travel time
(clockwise minus counterclockwise) around a circular array
of points. We will demonstrate the capabilities of the
technique using SDO/HMI observations and discuss future
applications.
Living With a Star: The Van Allen Probes Mission and
Space Weather
Author(s): Louis J. Lanzerotti
Affiliation(s): New Jersey Institute of Technology
Van Allen Probes, the second mission in NASA’s Living
With a Star Program, is designed to answer major questions
about Earth’s space environment, the Van Allen Radiation
Belts. Specifically, the Probes mission will address (i)
Which physical processes produce radiation belt
enhancements? (ii) What are the dominant mechanisms for
high-energy electron loss from the belts? (iii) What factors
affect radiation belt dynamics? These questions are of more
than scientific interest. Achieving understanding is also
critically important for forecasting delirious effects on
space technologies, for designing of space systems that can
operate in harsh radiation environments, and for the secure
and reliable operations of engineered space systems.
Interest in this mission and its scientific and engineering
objectives comes from both civilian and national security
sectors. This talk will describe the Van Allen Probes
mission, address solar drivers that can affect Earth’s
radiation belt populations, and provide some personal views
as to major issues that couple solar processes to the
dynamics of Earth’s radiation belts. I will also provide a
personal perspective on one or more “grand challenges” of
solar predictions for space weather impacts at Earth,
challenges whose solutions appear distant.
On the Modulation of the Solar Activity Cycles, and
Hemispheric Asymmetry of Solar Magnetism during the
Cycle 23/24 Minimum

Author(s): Leamon, Robert J. (1), McIntosh, Scott W. (2)
Affiliation(s): (1) Montana State Univ./NASA HQ, (2)
NCAR High Altitude Observatory
We address the origin of the 11-year (quasi-)periodicity of
the sunspot cycle by tying it to the significant temporal
overlap of activity bands belonging to the 22-year magnetic
activity cycle. Using a systematic analysis of ubiquitous
coronal brightpoints, and the prevalent magnetic scale on
which they form, we are able to observationally
demonstrate the entirety of the 22-year magnetic activity
cycle. The phases of the sunspot cycle occur as landmarks
in the interaction and evolution of the overlapping activity
bands in each hemisphere. The unusual conditions of the
recent Cycle 23/24 minimum can be directly attributed to
the asymmetry (southern lag) between the two hemispheres
of the sun. The work presented establishes significant
observational constraints for models of the origins of solar
magnetic activity and will, as a result, improve our
understanding of the structure of the heliosphere and the
modulation of our star's radiative and particulate output. We
demonstrate how the Sun can descend into, and recover
from, Grand Minima. Even if that is not where we're
headed, we show why Cycle 25 is likely to be even weaker
than Cycle 24.
Solar Irradiance from Days to Decades: Present, Past
and Future
Author(s): Lean, Judith
Affiliation(s): Space Science Division, Naval Research
Laboratory, Washington, DC 20375
The Sun’s photon output varies continuously at all
wavelengths across the electromagnetic spectrum, on time
scales from days to decades, and possibly longer. Reliable
specification of solar irradiance is requisite for a range of
geophysical applications, including space weather and
space climatology, ozone and atmosphere variability, and
climate change.
Continuous observations exist of total solar
irradiance – the integrated emission over all wavelengths for 33 years, but only in the last decade have space-based
radiometers measured the irradiance spectrum from the
shortest EUV wavelengths (TIMED/SEE and SDO/EVE) to
visible and near infrared wavelengths (SORCE/SIM).
Models have been developed from the observations to
estimate irradiance variations during past and future epochs.
The models, which estimate the irradiance changes arising
from sunspots and faculae, are well constrained by
observations on time scales of days to months but in some
spectral regimes can differ significantly from observations
over the solar cycle, possibly because of instrumental
uncertainties. Reliable reconstructions of past solar
irradiance do not yet exist because of incomplete
understanding of solar sources of irradiance variations in
addition to sunspots and faculae.
This talk summarizes evidence and mechanisms
for real variations in solar irradiance on time scales for

which measurements are considered reliable – in the range
of days to years. Reconstructions of past irradiance
variations using a variety of assumptions about plausible
solar sources are compared. Projections of future solar
irradiance are shown, emphasizing the need for improved
forecasts of solar activity to advance these projections for
terrestrial applications.
Subsurface flows associated to non-Joy oriented active
regions
Author(s): J. Leibacher, I. González Hernández, L. van
Driel-Gesztelyi, R. Komm, D. Baker, L. Harra, R. Howe
Non-Joy oriented active regions (ARs) are a challenge for
the solar magnetic field modelers. Although significant
deviations from Joy's law are relatively rare for simple
bipolar ARs, understanding the causes of their particularity
could be critical for the big picture of the solar dynamo.
We explore the possibility of the sub-surface dynamics
being responsible for the significant rotation of these ARs.
We apply the ring-diagram technique, a local
helioseismology method, to HMI Dopplergrams to infer the
flows under and surrounding a particular non-Joy oriented
AR's and present the results in this poster as a case study.
Solar cycle variation of zonal and meridional flow
Authors (Affiliation): Leibacher, J. (National Solar
Observatory), Komm R. (National Solar Observatory),
Howe R. (University of Birmingham),
González Hernández I. (National Solar Observatory), Hill
F. (National Solar Observatory),
Bogart, R.S. (HEPL Stanford University), Haber, D. (JILA
University of Colorado)
We study the variation with the solar cycle of the zonal and
meridional flows in the near-surface layers of the solar
convection zone. We have analyzed MDI, GONG, and
HMI data with a ring-diagram analysis. The analyzed MDI
Dynamics-Program data cover the rising phase of cycle 23,
the GONG high-resolution data cover the maximum and
declining phase of cycle 23 and the rising phase of the
current cycle, which is covered by HMI data as well. The
measured flows show systematic effects, such as a variation
with the B angle, which have been taken into account to
lead to more reliable flow estimates. We focus on residual
flows after subtracting long-term averages and on flow
differences between the hemispheres during the course of
the solar cycle. We will show whatever is ready in time for
the meeting.
Solar zonal and meridional flow derived from HMI
using the ring-diagram pipeline
Authors (Affiliation): Leibacher, J. (National Solar
Observatory), Komm R. (National Solar Observatory),

González Hernández I. (National Solar Observatory), Hill
F. (National Solar Observatory), Bogart, R.S. (HEPL
Stanford University), Haber, D. (JILA University of
Colorado)
We determine the zonal and meridional flows in subsurface
layers derived from HMI Doppler data processed with the
HMI ring-diagram pipeline. We analyze subsurface flow
measurements obtained during Carrington rotation 2097 to
2125. We are especially interested in flows at latitudes of
60 degree and higher, since previous observations have
been limited to lower latitudes (using local helioseismic
techniques). The flows have been determined in layers
from near the surface to a depth of about 16 Mm with the
HMI ring-diagram pipeline. Systematic effects, such as B0angle and east-west variations, have been taken into
account to lead to reliable flow estimates at high latitudes.
In addition, we analyze GONG data covering the same
epoch.

not successfully predict the magnitude and direction of Bz.
In this paper, we outline a possible approach to this
problem, using coupled coronal and heliospheric
simulations of coronal mass ejections. Research supported
by NASA, NSF, and AFOSR.
Recent Advances in Observations of Coronal EUV
Waves

The Solar Aspect Monitor (SAM) is a spare channel on
EVE in which a pinhole places a solar image on unused
section of one EVE detector. As the image is used for
individual photon detection to resolve solar spectra from
0.1 to 7 nm, contamination from out-of-band irradiance and
the photon-like energetic particles has made retrieval of the
solar spectrum challenging. Techniques are developed to
address these issues and determine integrated SAM
irradiance in separated soft X-ray energy bands. Results
under different levels of solar activity are compared with
EVE ESP photodiode measurements.

Author(s): Wei Liu(1), Leon Ofman(2), Markus J.
Aschwanden(3), Nariaki Nitta(3), Junwei Zhao(4), Alan M.
Title(3)
Affiliation(s): (1) Stanford-Lockheed Institute for Space
Research; (2) Catholic University of America and NASA
Goddard Space Flight Center; (3) Lockheed Martin Solar
and Astrophysics Laboratory; (4) Stanford University.
MHD waves can be used as seismological tools to decipher
otherwise elusive physical parameters of the solar corona,
such as the magnetic field strength and plasma density.
Recent high cadence, high resolution, full-disk imaging
observations from SDO/AIA have opened a new chapter in
understanding these waves. Various types of EUV waves
associated with flares/CMEs have been discovered or
observed in unprecedented detail. In this talk, we will
review such new observations, focusing on the following
topics and their interrelationships: (1) quasi-periodic fast
waves traveling along coronal funnels within CME bubbles
at speeds up to ~2000 km/s, associated with flare pulsations
at similar frequencies; (2) quasi-periodic wave trains within
broad, diffuse pulses of global EUV waves (so-called "EIT
waves") running ahead of CME fronts; (3) interactions of
global EUV waves with local coronal structures on their
paths, such as flux-rope coronal cavities and their
embedded filaments (kink oscillations) and coronal holes or
active regions (deflections). We will discuss the
implications of these observations on coronal seismology,
on their roles in transporting energy through different parts
of the solar atmosphere, and on understanding their
associated eruptive flares/CMEs.

Can We Predict the Geoeffectiveness of CMEs?

Magnetic Helicity in Emerging Solar Active Regions: A
Statistical Study

Author(s): Jon Linker, Roberto Lionello, Cooper Downs,
Zoran Mikic, Tibor Torok, Viacheslav Titov, and Pete
Riley
Affiliation(s): Predictive Science Inc.

Author(s): Y. Liu (1), J. T. Hoeksema (1), M. Bobra (1),
K. Hayashi (1), P. W. Schuck (2), X. Sun (1)
Affiliation(s): (1) Stanford University, (2) NASA

Coronal Mass Ejections (CMEs) are immense eruptions of
plasma and magnetic field that are propelled outward from
the sun, sometimes with velocities greater than 2000 km/s.
They are also responsible for some of the most severe space
weather at Earth, including geomagnetic storms. Modeling
CMEs from Sun to Earth is especially challenging, because
of the enormous disparity of scales involved. At the present
time, both NOAA SWPC and the CCMC use the WSAEnlil model with "cone model" CMEs to predict the arrival
of possibly geoeffective CMEs at Earth. This model has no
embedded magnetic fields in the CME, and therefore does

Using HMI vector magnetic field data, we study magnetic
helicity injection into the corona in emerging active regions
and examine the hemispheric helicity sign rule. It is found
that the photospheric shearing motion contributes most of
the helicity accumulated in the corona. The hemisphere rule
is also confirmed with the newly observed data of 28
emerging active regions observed in the early phase of
Solar Cycle 24. A relationship between the size and
magnetic twist of active regions is inferred in a sample of
22 emerging active regions having a bipolar magnetic field
configuration. This relationship is predicted by flux
emergence models.

EVE/SAM: Pinhole Images to Solar Soft X-ray
Irradiance
Author(s): Lin, Cissi Y. (1), Bailey, Scott M. (1), Jones,
Andrew (2), Woodraska, Don (2), Woods, Thomas (2),
Eparvier, Frank (2)
Affiliation(s): (1) Virginia Tech, (2) Laboratory for
Atmospheric and Space Physics

Heating of Flare Loops During a Two-ribbon Flare on
2011 March 07 Observed by AIA and EVE
Author(s): Liu, W-J (1) O'Hara, J. (1,2) Peck, C. (1, 3)
Qiu, J (1) Longcope, D. W. (1)
Affiliation(s): (1) Department of Physics, Montana State
University, Bozeman (2) School of Mathematics and
Statistics, University of St Andrews (3) Laboratory for
Atmospheric and Space Physics, University of Colorado,
Boulder
Recent high-resolution EUV observations have revealed
that flare loops are formed and heated by reconnection
events taking place successively. Our recent work shows
that the rapidly rising phase of the UV emission at the footpoints of the flare loops could be used to infer the time
profile of the impulsive heating rate. In this study, we
analyze an M-class flare observed by AIA and EVE. We
utilize the spatially resolved UV brightness time profiles to
infer heating rates of a few thousand flux tubes anchored at
the UV foot-points, and compute plasma evolution in each
flux tube using the EBTEL model (Klimchuk et al. 2008,
Cargrill et al. 2012). The coronal radiation is then
calculated and compared with soft X-ray and EUV light
curves observed by GOES and AIA. With a steady-state
assumption, we also compute the transition-region DEM for
each flux tube during its decay phase, and compare the
predicted optically-thin transition-region emission in UV
and EUV with AIA foot-points observations. The EUV
emissions from both loops and foot points are also
compared with irradiance observed by EVE. This study
presents a method to infer heating functions of reconnection
formed flare loops and how they affect evolution of the
overlying corona as well as the lower-atmosphere dynamics
coherently.
Dynamical Processes At Vertical Current Sheets Behind
Erupting Flux Ropes
Author(s): Rui Liu
Affiliation(s): University of Science and Technology of
China
We report in this presentation two solar eruptive events, in
both of which a vertical current sheet (VCS) is detected in
the wake of the erupting flux rope in the SDO/AIA
131~{\AA} passband. Plasma blobs are observed to move
along the VCS bidirectionally. In the 2011 March 14 event,
the VCS is observed after a nonthermal hard X-ray (HXR)
burst which is due to a loop-loop interaction leading up to
the ejection of the flux rope, while in the 2012 July 19
event, the VCS is observed following the impulsive
acceleration of the erupting flux rope but prior to the onset
of a nonthermal HXR/microwave burst. The initial, slow
acceleration of the erupting structure is associated with the
slow elevation of a thermal looptop HXR source and the
subsequent, impulsive acceleration is associated with the
downward motion of the looptop source, the latter of which

therefore reflects a catastrophic release of magnetic free
energy in corona. However, the poor temporal correlation
between VCSs and nonthermal HXR/microwave bursts
suggest that neither the VCS nor the magnetic islands (i.e.,
the blobs) in the tearing mode is the primary accelerator for
nonthermal electrons emitting HXRs/microwaves. In the
2012 July 19 event, we find that the blobs moving
downward within the VCS into the cusp region and the flare
loops retracting from the cusp region make a continuous
process, with the former apparently initiating the latter. This
provides a 3D perspective on reconnections at the VCS and
implies a transportation of magnetic twist to the lower
atmosphere via Alfv\'{e}n waves. We also identify a dark
void which moves within the VCS toward the flare arcade,
which suggests that dark voids observed in supra-arcade
downflows are also magnetic islands formed within the
VCS in the high corona and move with the downward
reconnection outflow.
Bi-directional Ejections and Loop Contractions in an
Eruptive M7.7 Solar Flare: Evidence of Particle
Acceleration and Heating in Magnetic Reconnection
Outflows
Author(s): Wei Liu, Qingrong Chen, Vahe Petrosian
Affiliation(s):
(1) Lockheed Martin Solar and
Astrophysics Laboratory; (2) Hansen Experimental Physics
Laboratory, Stanford University; (3) Department of
Physics, Stanford University
Where particle acceleration and plasma heating take place
in relation to magnetic reconnection is a fundamental
question for solar flares. We report analysis of an M7.7
flare on 2012 July 19 observed by SDO/AIA and RHESSI.
Bi-directional ejections in forms of plasmoids and
contracting cusp-shaped loops originate between an
erupting flux rope and underlying flare loops at speeds of
typically 200-300 km/s up to 1050 km/s. These ejections
are associated with spatially separated double coronal X-ray
sources with centroid separation decreasing with energy.
The highest temperature is located near the nonthermal Xray loop-top source well below the original heights of
contracting cusps near the inferred reconnection site. These
observations suggest that the primary loci of particle
acceleration and plasma heating are in the reconnection
outflow regions, rather than the reconnection site itself.
This supports particle acceleration by turbulence, shocks,
and/or collapsing traps associated with reconnection
outflows, not by a DC electric field within the reconnection
region. In addition, there is an initial ascent of the X-ray
and EUV loop-top source prior to its recently recognized
descent. The impulsive phase onset is delayed by 10
minutes from the start of the descent, but coincides with the
rapid speed increases of the upward plasmoids, the
individual loop shrinkages, and the overall loop-top
descent, suggestive of an intimate relation of the energy
release rate and reconnection outflow speed.

The Coronal Pulse
Algorithm (CorPITA)

Identification

and

Tracking

Author(s): Long, David M. (1), Bloomfield, D. Shaun (2),
Feeney-Barry, R. (2), Gallagher, Peter T. (2), Pérez-Suárez,
David (2,3)
Affiliation(s): (1) Mullard Space Science Laboratory,
University College London, UK (2) School of Physics,
Trinity College Dublin (3) Finnish Meteorological Institute,
Helsinki, Finland
The Coronal Pulse Identification and Tracking Algorithm
(CorPITA) is an automated technique for detecting and
analysing "EIT Waves" in data from the Solar Dynamics
Observatory (SDO) spacecraft. CorPITA will operate as
part of the Heliophysics Event Knowledgebase (HEK),
providing unbiased, near-real-time identification of coronal
pulses. When triggered by the start of a solar flare, the
algorithm uses an intensity profile technique radiating from
the source of the flare to examine the entire solar disk. If a
pulse is identified, the kinematics and morphological
variation of the pulse are determined for all directions along
the solar surface. Here, CorPITA is applied to a test data-set
encompassing a series of solar flares of different classes
from 13-20 February 2011. This allows the effectiveness of
the algorithm in dealing with the varied morphology of
different eruptions to be characterised. The automated
nature of this approach will enable an unbiased examination
of "EIT Waves" and their relationship to coronal mass
ejections.
Measuring the magnetic field strength of the quiet solar
corona using "EIT waves"
Author(s): Long, David M. (1), Williams, David R. (1),
Régnier, Stéphane (2), Harra, Louise K. (1)
Affiliation(s): (1) Mullard Space Science Laboratory,
University College London, UK (2) Jeremiah Horrocks
Institute, University of Central Lancashire, UK
Variations in the propagation of globally-propagating
disturbances (commonly called "EIT waves") through the
low solar corona offer a unique opportunity to probe the
plasma parameters of the solar atmosphere. Here, highcadence observations of two "EIT wave" events taken using
SDO/AIA are combined with spectroscopic measurements
from Hinode/EIS and used to examine the variability of the
quiet coronal magnetic field strength. The combination of
pulse kinematics from AIA and plasma density from EIS is
used to show that the magnetic field strength is in the range
~2-6G in the quiet corona. The magnetic field estimates are
then used to determine the height of the pulse, allowing a
direct comparison with theoretical values obtained from
SDO/HMI magnetic field using PFSS and local-domain
extrapolations. While local-scale extrapolations predict
heights inconsistent with prior measurements, the
agreement between observations and the PFSS model

indicates that "EIT waves" are a global phenomenon
influenced by global-scale magnetic field.
EUV Coronal Holes as a Proxy for Open Magnetic Field
Regions
Author(s): Lowder, Chris; Qiu, Jiong; Leamon, Robert
Affiliation(s): Montana State University, Bozeman, MT
Coronal holes are regions marked by a decreased intensity
in the extreme ultraviolet and x-ray wavelengths.
Associated with regions of open magnetic field, plasma is
allowed to escape along open magnetic field lines resulting
in a rarefied plasma below. This study seeks to quantify the
relationship between boundaries of coronal holes and open
magnetic field. Using a combination of STEREO and SDO
data in EUV wavelengths, we can provide a full solar
surface map of coronal hole boundaries. These boundaries
in conjunction with charts of radial magnetic field can be
used to calculate open magnetic fluxes. Direct comparison
is made with potential magnetic extrapolations as well as a
non-potential, magneto-frictional model. There is strong
agreement both in the geometry of regions as well as
associated magnetic fluxes. These data provide a unique
opportunity to study the far side dynamics of coronal holes
and open magnetic field evolution.
Understanding the Expansion of Coronal Loops
Author(s): A. Malanushenko, C. J. Schrijver
Affiliation(s): LMSAL
Coronal loops have been observed for several decades, yet
some of their properties remain a mystery. These in
particular include the lack of apparent expansion of coronal
loops and the increased pressure scale height in loops
compared to the diffuse background.
We approach these problems in an entirely new way. We
demonstrate that solely lifting the assumption about circular
cross-sectional shape of flux tubes is alone sufficient to
explain lack of expansion and increased pressure scale
height. While magnetic flux tubes expand in the corona,
they do so in a highly anisotropic manner, which we
examine in details for several model fields and quantify for
a potential field model based on HMI data. We demonstrate
how, and why, this leads towards (1) selection bias which
might make some loops stand out if they expand mostly
along the line of sight, due to their increased column depth;
(2) principal limitations on measuring expansion of coronal
loops, even if they are resolved and (3) the apparent
increased pressure scale height. We also address the
existing studies which seemingly concluded the opposite.
The latter was based on several properties of the loops'
emission which, as we show, are also reproduced when
loops are oblate in cross-section.
Coronal and Solar Wind Ion heating by dispersive
Alfven waves -- 2.5D hybrid simulations

Author(s): Maneva, Y. (1,2), Ofman, L. (1,2) and Vinas,
A. (2)
Affiliation(s):
(1) Catholic University of America,
Washington DC, USA; (2) NASA Goddard Space Flight
Center, MD, USA
We perform 2.5D hybrid simulations to model the
preferential heating and differential acceleration of minor
ions as observed by remote sensing in coronal holes and
measured in situ in the fast solar wind at various
heliospheric distances. We consider a low-beta plasma
consisting of fluid electrons, particle-in-cell protons and
He++ ions and different spectra of parallel propagating
Alfven-cyclotron waves as initial energy source for the ion
heating and acceleration. For fixed low wave-numbers the
generated wave spectrum generally shifts towards higher
frequencies in multi-species plasma. This effect is further
enhanced when differential streaming is present due to the
expected preferential acceleration of heavy ions in coronal
holes. We use the results from the cold plasma linear theory
to initialize the nonlinear 2.5D hybrid simulations and
compare the resulting ion heating, temperature anisotropies
and differential streaming when the initial wave spectra
belongs to the alpha-cyclotron and the proton-cyclotron
dispersion branches, with and without initial relative drifts,
and study the nonlinear 2D effects, extending our previous
1D hybrid studies. Finally, we investigate the effect of a
gradual solar wind expansion, consider its influence on the
wave-particle interactions and discuss its implications for
non-adiabatic perpendicular cooling for both ion species.
Approach to Integrate Global-Sun Models of Magnetic
Flux Emergence and Transport for Space Weather
Studies
Author(s): Nagi Nicolas Mansour, NASA, Moffett Field,
CA; and A. Wray, P. Mehrotra, C. Henney, N. arge, C.
Manchester, H. Godinez, J. Koller, A. Kosovichev, P.
Scherrer, J. Zhao, R. Stein, T. Duvall, and Y. Fan
Affiliation(s): NASA Ames Research Center
The Sun lies at the center of space weather and is the source
of its variability. The primary input to coronal and solar
wind models is the activity of the magnetic field in the solar
photosphere. Recent advancements in solar observations
and numerical simulations provide a basis for developing
physics-based models for the dynamics of the magnetic
field from the deep convection zone of the Sun to the
corona with the goal of providing robust near real-time
boundary conditions at the base of space weather forecast
models. The goal is to develop new strategic capabilities
that enable characterization and prediction of the magnetic
field structure and flow dynamics of the Sun by
assimilating data from helioseismology and magnetic field
observations
into
physics-based
realistic
magnetohydrodynamics
(MHD)
simulations.
The
integration of first-principle modeling of solar magnetism
and flow dynamics with real-time observational data via
advanced data assimilation methods is a new,

transformative step in space weather research and
prediction. This approach will substantially enhance an
existing model of magnetic flux distribution and transport
developed by the Air Force Research Lab. The
development plan is to use the Space Weather Modeling
Framework (SWMF) to develop Coupled Models for
Emerging flux Simulations (CMES) that couples three
existing models: (1) an MHD formulation with the anelastic
approximation to simulate the deep convection zone
(FSAM code), (2) an MHD formulation with full
compressible Navier-Stokes equations and a detailed
description of radiative transfer and thermodynamics to
simulate near-surface convection and the photosphere
(Stagger code), and (3) an MHD formulation with full,
compressible Navier-Stokes equations and an approximate
description of radiative transfer and heating to simulate the
corona (Module in BATS-R-US). CMES will enable
simulations of the emergence of magnetic structures from
the deep convection zone to the corona. Finally, a plan will
be summarized on the development of a Flux Emergence
Prediction Tool (FEPT) in which helioseismology-derived
data and vector magnetic maps are assimilated into CMES
that couples the dynamics of magnetic flux from the deep
interior to the corona.
Modeling small-scale flux emergence
Convection Zone into the Corona

from

the

Author(s): Juan Martinez-Sykora
Affiliation(s): Lockheed Martin Solar & Astrophysics Lab
High resolution telescopes reveal small-scale flux in the
photosphere and roughly 20% of these events seem to reach
and impact the chromosphere. As a result of such flux
emergence, reconnection with the ambient field or other
processes that do not necessarily involve reconnection but
nevertheless impact the chromosphere and lower corona
may occur. I am going to present recent simulations that
show small-scale flux emergence in a computational
domain that captures the upper-convection zone,
photosphere, chromosphere and lower corona. As we will
see, small scale activity is strongly dependent on the
physics that dominate in the various layers of the
atmosphere, such as thermo-dynamics, radiative transfer in
the photosphere and thermal conduction along field lines in
the corona (we use for that Bifrost). In addition, small scale
activity is also dependent on the ambient field which
changes rapidly with height both in strength and topology
through the different layers of the solar atmosphere. Some
of these small-scale events erupts into the atmosphere
destabilizes the pre-existing magnetic field and drives it to
new configurations.
Understanding Solar Eruptive Events
Author(s): Mason, James P. (1); Hock, Rachel A. (2);
Woods, Thomas N. (1); Thompson, Barbara J. (3); Webb,
David F. (4); Caspi, Amir (1)

Affiliation(s):
(1) LASP / University of Colorado,
Boulder; (2) Kirtland AFB; (3) NASA GSFC; (4) Boston
College
Coronal dimming is studied using data from the EUV
Variability Experiment (EVE) and the Atmospheric
Imaging Assembly (AIA), both onboard the Solar
Dynamics Observatory (SDO). Dimming can be caused by
a number of physical processes, including mass loss (e.g.
coronal mass ejections), obscuration of bright features (e.g.
flaring loops) by dark features (e.g. filament eruptions),
global scale waves, and changes of temperature in the
emitting plasma. Each of these processes have unique
spectral signatures, which EVE and AIA are well suited to
observe. We are building a method for isolating the
signature indicative of mass loss, which is thought to be
correlated with the kinetics of coronal mass ejections. Our
analysis of the M9 flare on August 4, 2011 are shown as an
example of all four of these physical processes and their
spectral signatures.
Chromospheric Waves and Oscillations in Sunspots
Author(s): R. A. Maurya and J. Chae
Affiliation(s):
Astronomy Program, Seoul National
University, Seoul 151-747, Korea
We studied the chromospheric oscillations in and around a
sunspot of the active region NOAA 11242 using high
spectral and spatial resolution observations in the spectral
lines H$\alpha$ and Ca II 8542\AA~obtained from the Fast
Imaging Solar Spectrograph (FISS) of 1.6 meter New Solar
Telescope (NST) at Big Bear Solar Observatory. A suitable
bisector method is applied to the spectral observations, to
construct the chromospheric Doppler Velocity maps. Time
series analysis of Doppler maps, in both the spectral bands,
revealed enhanced high frequency oscillations inside the
umbra of the sunspot. The frequency of oscillations
gradually decreases from the umbra to outward. We have
found clear evidence of two boundaries for the peak power
frequency transformation, one of which occurs close to the
umbral and penumbral boundary, and the other near the
penumbral and super-penumbral boundary of the sunspot.
The oscillation power is found to be associated with
magnetic field strength and inclination, although they
showed different relationships in different frequency bands.
Innovative Near Real-Time Data Dissemination Tools
Developed by the Space Weather Research Center
Author(s): Marlo M. Maddox (1), Richard Mullinix (1), M.
Leila Mays(1, 2), Maria Kuznetsova (1), Yihua Zheng (1),
Antti Pulkkinen (1, 2), Lutz Rastaetter (1)
Affiliation(s): (1) NASA/GSFC, (2) CUA
Access to near real-time and real-time space weather data is
essential to accurately specifying and forecasting the space
environment. The Space Weather Research Center at

NASA Goddard Space Flight Center's Space Weather
Laboratory provides vital space weather forecasting
services primarily to NASA robotic mission operators, as
well as external space weather stakeholders including the
Air Force Weather Agency. A key component in this
activity is the iNtegrated Space Weather Analysis System
which is a joint development project at NASA GSFC
between the Space Weather Laboratory, Community
Coordinated Modeling Center, Applied Engineering &
Technology Directorate, and NASA HQ Office Of Chief
Engineer. The iSWA system was developed to address
technical challenges in acquiring and disseminating space
weather environment information. A key design driver for
the iSWA system was to generate and present vast amounts
of space weather resources in an intuitive, userconfigurable, and adaptable format - thus enabling users to
respond to current and future space weather impacts as well
as enabling post-impact analysis. Having access to near
real-time and real-time data is essential to not only ensuring
that relevant observational data is available for analysis but also in ensuring that models can be driven with the
requisite input parameters at proper and efficient temporal
and spacial resolutions. The iSWA system currently
manages over 300 unique near-real and real-time data feeds
from various sources consisting of both observational and
simulation data. A comprehensive suite of actionable space
weather analysis tools and products are generated and
provided utilizing a mixture of the ingested data - enabling
new capabilities in quickly assessing past, present, and
expected space weather effects. This paper will highlight
current and future iSWA system capabilities including the
utilization of data from the Solar Dynamics Observatory
mission. http://iswa.gsfc.nasa.gov/
Tracking Solar Wind Input from the Sun to the
Magnetosphere: 2007-2012
Author(s): M. L. Mays, O. C. St. Cyr, and H. Xie
Affiliation(s): NASA/GSFC and CUA
A statistical study of stream interaction regions and CME
events during solar minimum which result in storm and
substorm activity has shown that combined CME and SIR
events can be more geoeffective. Events are selected based
on geomagnetic activity which is characterized by indices
derived from ground based magnetometers and a minimum
Dst threshold of -30 nT is used. For each geoeffective
event, we identified CMEs in the STEREO/SECCHI
coronagraphs, and SIRs in the STEREO/SECCHI
Heliospheric Imagers and associated lower coronal
signatures in STEREO/EUVI and SDO/AIA. Subsequent
CME and/or SIR signatures were identified in ACE, WIND,
THEMIS, and other in-situ data when available. CME
evolution in the lower corona and properties such as
acceleration, speed and width were determined along with
the in-situ plasma data for ICMEs. The propagation of these
structures were tracked in the STEREO Heliospheric
Imagers and subsequently in-situ. Geo-effectiveness, the
strength and duration of geomagnetic activity, is compared

with upstream solar wind conditions. In 2007 and 2008,
SIRs produce most of the storms (~75% and ~78%
respectively), however the strongest storms are produced by
combined ICME and SIR interactions in 2007 and SIRs in
2008. The number of SIR driven storms drops to just below
half (~46%) in 2009, and the remaining storms result from
an ICME followed by an SIR (~39% and strongest storm),
and ICMEs (~16%). In 2011, half of the strongest storms
are driven by ICMEs, 33% are hybrid events, and SIR
driven storms fell to 10%. For 2012, almost all of the
strongest storms are driven by ICMEs: just over half of the
storms are driven by ICMEs only, 15% are from combined
events, and SIR driven are comprise a small fraction (5%).

coronal hole and tracking it for about 2 days as it rotated
over the solar disk. The coronal jets are best revealed
through Doppler and line width maps of Fe XII 195.1 A
(formed at 1.5 MK), and have sizes of 10-100 arcsec.
Higher spatial and time resolution is provided by SDO:
coronal and chromospheric images from AIA show the time
evolution of the jet and line-of-sight magnetograms show
the evolution of the magnetic footpoints of the jet. We
present several examples of these extended jets and
describe their properties as derived from the diagnostics we
have available.
The SOLAR package on the ISS, four years of
operations.

Imaging Turbulent Dynamics in Post-CME Current
Sheet Structures
Author(s): David E. McKenzie
Affiliation(s): Montana State University
Turbulence in current sheets is hypothesized to produce
cascades from large to small length scales, both in terms of
tangled or "stochastic" magnetic fields and in the creation
of "micro-current sheets". The resulting conditions are
likely to have profound effects on the rate of magnetic
reconnection. Whereas current sheet turbulence has
historically been inferred from spectroscopic measurements
of, say, nonthermal broadening, recent developments in
high-resolution EUV and X-ray imaging have brought
turbulence into a new light, revealing a new world of
complex dynamics in the sheet-like structures connecting
CMEs to post-eruption flare arcades. The image sequences
demonstrate significant shears in velocity, giving the
appearance of vortices and stagnations; and plasma
diagnostics indicate that the plasma beta can exceed unity,
suggesting that the coronal magnetic fields are significantly
affected by turbulent fluid processes which produce small
length scales in the current sheet. Observational
characterization of the turbulent conditions will help to
guide modeling efforts of post-CME current sheets,
particularly in regards to cascades from CME length scales
to much smaller sizes. I will present findings from an
exploration of the velocity fields in the supra-arcade sheet
structures, as imaged by SDO/AIA and measured with local
correlation tracking.

Author(s): A. Michel, N. This, C. Muller, D. Moreau, S.
Klai, D. D. Van Hoof, G. Thuillier, T. Foujols, D. Bolsée,
D. Gillotay, G. Scmidtke, B..Nikutowski
Affiliation(s):
B.USOC, Space Aps, IASB-BIRA,
LATMOS, Fraunjoffer Institute, PMOD
Since March 2008, an optical package measuring the sun
spectral irradiance operates in space from the ESA
COLUMBUS module of the International Space Station.
Three instruments compose this package: a total solar
irradiance instrument SOVIM, a UV-visible-infrared
spectrometer: SOLSPEC and a far UV instrument: SOLACES. SOVIM stopped operations due to an electrical
problem six months after launch but the two other
instruments are still operating and ESA plans on supporting
them until 2017. However, the life of the ISS has now been
extended to 2020 and if the instruments stay in the current
condition, a further extension would be possible. Due to the
specificities of the ISS and mechanical limitation of the
SOLAR moving platform, continuous operations is not
possible and is made in intervals guaranteeing both solar
visibility and minimum of contamination. This excludes
arrivals of vehicles at the ISS and manoeuvres using
chemical propulsion. In December 2012, NASA and the
ISS partners approved a specific attitude, called the
“SOLAR Attitude”, allowing the bridging of two solar
viewing opportunities and thus providing quasi-continuous
observations during a full solar rotation. These operations
and results already reviewed by the science teams will be
presented with a special emphasis on the abnormal
minimum of cycle 23.

The velocity signature of coronal jets as observed with
Hinode/EIS

Day at Goddard

Author(s): K. Muglach, P.R. Young
Affiliation(s): NASA Goddard Space Flight Center, Artep,
Inc., George Mason University

Author(s): Dawn Myers, Martha Wawro, Wendy Van
Norden
Affiliation(s): Adnet

In this contribution we show preliminary results of a study
of jets in coronal holes. We use Hinode/EIS to investigate
the spectroscopic signatures of the jets and SDO/AIA and
HMI to derive additional information on the plasma and
magnetic field evolution. EIS was scanning a low latitude

Day at Goddard is an all day event for high school students
that the SDO EPO team has been running for 5 years now.
During the event, students are given a tour of the
integration and testing facilities, shown science on a sphere,
participate in a meet and greet with scientists and engineers

and participate in a hands-on lab activity. The purpose of
these field trips is to increase the students’ interest in STEM
subjects, expose them to STEM-related careers and increase
their awareness of the research that NASA conducts.
Extracting multi-height velocity information from
SDO/HMI Dopplergrams
Author(s): Nagashima, Kaori (1), Gizon, Laurent (1,2),
Birch, Aaron (1), Loeptien, Bjoern (1,2), Couvidat,
Sebastien (3), Fleck, Bernhard(4), Stein, Robert(5)
Affiliation(s): (1) Max Planck Institute for Solar System
Research, (2) Institut fuer Astrophysik, Georg-AugustUniversitaet Goettingen, (3) Stanford University, (4) ESA
,(5) Michigan State University
Multi-height velocity information in the solar atmosphere is
useful for many studies of the structure and dynamics of the
solar atmosphere. We discuss the possibility of measuring
the vertical velocity at multiple layers in the solar
atmosphere using the six filtergrams of the Fe I 6173A
absorption line obtained by SDO/HMI. In the standard HMI
pipeline processing, these filtergrams are combined to
estimate a single Doppler velocity. Here we construct three
Dopplergrams by computing pair-wise differences between
intensities in the blue and red wings of the line. We use
realistic numerical simulations of convection to evaluate the
range of heights that contribute to each of our multi-height
velocity estimates. The cross-spectra of the Dopplergrams
contain interesting information about vertical wave
propagation in the solar atmosphere.
CME propagation analysis using remote and in-situ
observations
Author(s): Teresa Nieves-Chinchilla(1), Guillermo
Stenborg(2), Angelos Vourlidas(3), Neel P. Savani(3),
Miguel A. Hidalgo(4), Luis A. Vena(4), Adam Szabo(5),
Robin C. Colaninno(3)
Affiliation(s): (1) IACS/CUA-GSFC/NASA, Greenbelt,
MD (2) George Mason University, Fairfax, VA (3) NRL,
Washington, DC (4) UAH, Alcala de Henares, Spain (5)
GSFC/NASA, Greenbelt, MD
Coronal mass ejections (CMEs) are the main drivers of
Space Weather. Accurate forecasting of their likely geoeffectiveness requires accurate tracking of their
morphological and kinematical evolution throughout the
interplanetary medium.
However, single view-point observations depend on strong
assumptions to model the development of the CME; the
most common hypotheses are those of radial propagation
and self-similar expansion.
The use of different view-points show that, at least for some
cases, those assumptions may not be valid. Analyses of
remote sensing and in-situ data show signatures of strong
deflection, over-expansion and/or large deformation. These

behaviors could hide effects as rotation, deviation from
radial propagation, or interaction with other magnetic
obstacles.
Understanding the 3D development and evolution of CME
features is therefore of utmost importance to help establish
the connection between remote and in-situ observations,
and hence improve forecasting of Space Weather. In this
work, we present the analysis of a set of selected events
exhibiting clear signatures of deflection. With the help of
remote imaging observations provided by the SOHO,
STEREO and SDO missions, and in-situ measurements
recorded by Wind, ACE, and Messenger. We show that
such signatures are evidence of hidden effects such as
rotation, changes in the direction of propagation, and/or
interaction with other magnetic obstacles.
SDO AIA Observations of Large-Scale Coronal
Disturbances in the Form of Propagating Fronts
Author(s): Nitta, Nariaki V. (1), Schrijver, Carolus J. (1),
Title, Alan M. (1), Liu, Wei (1) (2)
Affiliation(s): (1) Lockheed Martin Advanced Technology
Center (2) Stanford University
One of the most spectacular phenomena detected by SOHO
EIT was the large-scale propagating fronts associated with
solar eruptions. Initially these 'EIT' waves were thought to
be coronal counterparts of chromospheric Moreton waves.
However, different spatial and kinematic properties of the
fronts seen in H-alpha and EUV images, and far more
frequent occurrences of the latter have led to various
interpretations that are still actively debated by a number of
researchers. A major factor for the lack of closure was the
various limitation in EIT data, including the cadence that
was typically every 12 minutes. Now we have significantly
improved data from SDO AIA, which have revealed some
very interesting phenomena associated with EIT waves.
However, the studies so far conducted using AIA data have
primarily dealt with single or a small number of events,
where selection bias and particular observational conditions
may prevent us from discovering the general and true
nature of EIT waves. Although automated detection of EIT
waves was promised for AIA images some time ago, it is
still not actually implemented in the data pipeline.
Therefore we have manually found nearly 200 examples of
large-scale propagating fronts, going through movies of
difference images from the AIA 193 A channel up to
January 2013. We present our study of the kinematic
properties of the fronts in a subset of about 150 wellobserved events in relation with other phenomena that can
accompany EIT waves. Our emphasis is on the relation of
the fronts with the associated coronal eruptions often but
not always taking the form of full-blown CMEs, utilizing
STEREO data for a subset of more than 80 events that have
occurred near the limb as viewed from one of the STEREO
spacecraft. In these events, the availability of data from the
STEREO inner coronagraph (COR1) as well as from the
EUVI allows us to trace eruptions off the solar disk during
the times of our propagating fronts. The representative

relations between the fronts and CMEs will be discussed in
terms of the evolution of EIT waves observed in different
channels of AIA, which provide information of the thermal
properties of the fronts. Our study will further clarify the
variety of solar eruptions and their associated
manifestations in the corona.
Stray Light Correction for HMI Data
Author(s): A.A. Norton, T. Duvall, J. Schou, M. Cheung
Affiliation(s): Stanford University
Our goal is to find a deconvolution routine that can remove
scattered light in sunspot umbrae without introducing
extraneous power in high spatial frequencies in
helioseismology analysis of the same data. Using groundbased calibration data, a third-order polynomial fit was
obtained for the instrumental modulation transfer function
(MTF). Images of the solar limb and the limb and disk of
Venus during its transit were used to model stray light. An
Airy function and a Lorentzian are used in combination to
model the instrumental point spread function (PSF) for
HMI which is made to be positive definite everywhere and
zero above the ideal optical Nyquist frequency.
Deconvolution was carried out using a Lucy-Richardson
algorithm on a graphics processing unit. The deconvolved
image is then compared to the original to determine the
extent of introduced Gibb's phenomenon (ringing) and how
the power changes as a function of spatial frequency.
New frontiers in wave studies and coronal seismology
Author(s): Leon Ofman
Affiliation(s): CUA/NASA GSFC
The launch of the SDO and the unprecedented high
resolution, high cadence observations with AIA provide
new details on wave activity in the solar corona. These
observations, supplemented by spectroscopic data from
Hinode/EIS, theory, and numerical modeling open new
frontiers in wave studies and in coronal seismology - the
use of waves for the determination of the physical
parameters (such as the magnetic field and density) in the
corona. The idealized theoretical wave studies were
recently expanded by sophisticated there-dimensional MHD
models that include additional phenomena, such as more
realistic coronal loop magnetic and density structure, broad
band waves, and quasi-periodic flows, enabling further
expansion of coronal seismology as a tool for coronal
plasma diagnostics. I will review the recent progress in
observational and theoretical studied of waves and the
development of coronal seismology.
Solar Tornado Prominences: Plasma Motions Along
Filament Barbs

Author(s): Panasenco, Olga (1), Velli, Marco (2), Martin,
Sara F. (1), Rappazzo, Franco (3)
Affiliation(s): (1) Helio Research, La Crescenta, CA, (2)
Jet Propulsion Laboratory, California Institute of
Technology, Pasadena, CA, (3) Bartol Research Institute,
University of Delaware, USA
Recent high-resolution observations from the Solar
Dynamic Observatory (SDO) have reawakened interest in
the old and fascinating phenomenon of solar tornado
prominences. This class of prominences was first
introduced by E. Pettit in 1932, who studied them over
many years up to 1950. High resolution and high cadence
multi-wavelength data obtained by SDO reveal that the
tornado-like properties of these prominences are mainly an
illusion due to projection effects. We show that
counterstreaming plasma motions with projected velocities
up to +/- 45 km/sec along the prominence spine and barbs
create a tornado-like impression when viewed at the limb.
We demonstrate that barbs are often rooted at the
intersection between 4-5 supergranular cells. We discuss
the observed oscillations along the vertical parts of barbs
and whether they may be related to vortex flows coming
from the convection downdrafts at the intersection of
supergranules (and possibly smaller convective cells) in the
photosphere and their entrained magnetic field. The
unwinding of magnetic threads near the photosphere via
reconnection might be a source of the waves which are
observed as oscillations in prominence barbs.
Formation of the Coronal Cloud Prominences Inside
Magnetic Funnels
Author(s): Panasenco, Olga (1), Velli, Marco (2), Martin,
Sara F. (1)
Affiliation(s): (1) Helio Research, La Crescenta, CA, (2)
Jet Propulsion Laboratory, California Institute of
Technology, Pasadena, CA
We describe observations of coronal cloud prominences
with the Solar Dynamics Observatory and STEREO.
Observations of this phenomenon during the month of
September 2012, in similar locations but over widely
separated periods, are used to investigate the reasons for the
appearance of coronal cloud prominces at different times in
the same location. In particular, we focus on the large scale
structure of the background magnetic field. Using a
potential field source-surface extrapolation to compute the
coronal field from photospheric maps, we find that coronal
cloud prominences always form after filament eruptions
and CMEs have occurred nearby. The location of the cloud
prominence coincides with a magnetic field region which
appears to be open but rapidly expanding, an open field
with a funnel structure. Part of the plasma from the
neighboring eruption falling back towards the sun is
captured and accumulates in these field regions of strong
expansion of the field. The plasma suspension at heights of
0.3 Rs, coinciding with the largest gradients in the field
naturally lead to a diamagnetic hypothesis for the force

counteracting gravity. We study the evolution of the funnellike open fields during several solar rotations and find a
direct relation between funnels and the presence of coronal
clouds at great heights in the solar corona.
The Importance of Priors in Bayesian Reconstruction of
Emission Measure Distributions
Author(s): Joseph Plowman, Charles Kankelborg
Affiliation(s): Montana State University
Bayesian methods such as MCMC are popular tools for
reconstruction of differential emission measures (DEMs)
from coronal observations, but the careful choice of prior
probability distributions for these reconstructions has
received relatively little consideration. The choice of prior
is especially important for DEM reconstructions due to their
ill-posed nature; aspects of the reconstruction which are illposed (i.e., not constrained by the data) will be determined
exclusively by the prior. We illustrate the effect of various
choice of prior on the reconstruction of example DEMs and
outline some considerations for choosing more physical
priors. We also show results from application of the
MultiNest Bayesian inference tool to DEM reconstruction,
and compare with the results of the popular PINTofALE
MCMC package.
UV and EUV Emissions at the Flare Foot-points
Observed by AIA
Author(s): Qiu, J., Sturrock, Z.
Affiliation(s): Montana State University
A solar flare is composed of impulsive energy release
events by magnetic reconnection, which forms and heats
flare loops. Recent studies have revealed a {\em two-phase}
evolution pattern of UV 1600\AA\ emission at the feet of
these flare loops: a rapid rise lasting for a few minutes,
followed by a gradual decay on timescales of a few tens of
minutes. These signatures are indicative of instantaneous
lower-atmosphere response to impulsive energy deposition,
and the subsequent plasma evolution in the overlying
corona that is heated and then cools down. Multiple band
EUV observations by AIA further reveal very similar
signatures at the foot-points of flare loops. We report the
coordinated and spatially resolved observations of UV and
EUV emissions at the foot-points of a C3.2 thermal flare,
and discuss the governing mechanism of the two-phase
evolution of the flare foot-point emissions with a simple
conductive heating model.
Small-scale heating events at the footpoints of coronal
loops observed by Hi-C and SDO/AIA
Author(s): S. Regnier, C. E. Alexander, R. W. Walsh, and
the Hi-C science team
Affiliation(s): Jeremiah Horrocks Institute, University of
Central Lancashire

Hi-C was sounding rocket dedicated to the observation of
the hot EUV corona at high spatial resolution (0.2 arcsec)
and high time cadence (5s). The Hi-C instrument flew on
July 11, 2012 and provided observations in the 193A
channel of a large complex of active regions (NOAA
11519-21). We have discovered small-scale (0.74 Mm) and
short duration (25s) brightenings, called EUV bright dots
(EBDs) at the edge of the active regions. The comparison
with SDO/AIA observations in the 193A channel shows
that EBDs can also be observed at the very limit of the
noise level. EBDs also exist in the 171A, 211A and 335A
channels, and have a small contribution in the 304A
channel. This strongly suggests that EBDs are transition
region and/or coronal transient features. By comparing with
SDO/HMI magnetograms and with the support a potential
field extrapolation, the observed EBDs are located in
unipolar regions at the foot-points of large-scale transequatorial loops. We discuss the viable mechanisms that
can produce such a short burst/release of energy by
comparing the different time scales of the plasma evolution.
Structure and evolution of a unipolar streamer observed
by SDO/AIA
Author(s): S. Regnier
Affiliation(s): Jeremiah Horrocks Institute, University of
Central Lancashire
We report on the observation of unipolar streamer in
different wavelength ranges by the SDO/AIA instrument
(171A, 193A, 211A, 304A and 335A) observed on July 11,
2012 between 21:30 UT and 23:59 UT. Surrounded by field
lines originating in the same polarity, the streamer contains
a double-arcade structure, both filled by a prominence with
clear evidence of the prominence material sitting in the
corona and a cavity. This unipolar streamer is similar to the
magnetic field structure described by Torok et al. (ApJ,
2011, 739, L63) for a sympathetic eruption of filaments.
The streamer also evidences a pressure build-up on the
equatorial side as suggested by the modelling of Riley and
Luhmann (Solar Physics, 2012, 277, 355).
The solar dynamo -- where do we stand, where do we
go?
Author(s): Matthias Rempel
Affiliation(s): HAO/NCAR
Understanding the origin of the large scale solar magnetic
field and its temporal evolution is one of the still unsolved
key questions in solar physics. While large scale dynamos
are understood on a fundamental level for more than 5
decades, the details of how the solar dynamo operates are
still heavily debated. In this talk I will review the various
approaches taken in the past (mean field models vs. 3D
numerical simulations) and discuss their intrinsic strengths
and weaknesses. I will present a collection of recent
modeling results including cyclic behavior in 3D numerical

simulations, the connection between dynamo action and
torsional oscillations, the role of flux transport and near
surface field evolution (Babcock-Leighton alpha-effects) as
well as flux emergence and sunspot formation. I will close
the talk with an outlook on future developments.

of flare filling factors using GOES/XRS, SDO/EVE and
SDO/AIA. We find that filling factors are indeed orders of
magnitude less than unity. The sample in this study ranges
from 10-1 – 10-6, with a mean of 10-2.4 and a median of
10-3.4.

TEBBS: A New Automatic Method for Calculating
Background-Subtracted Thermal Flare Properties
Using GOES/XRS

An Examination of Flare Cooling Using SDO/EVE

Author(s): Daniel F. Ryan, Ryan O. Milligan, Peter T.
Gallagher, Brian R. Dennis, A. Kim Tolbert, Richard A.
Schwartz, C. Alex Young
Affiliation(s):
Trinity College Dublin, NASA/GSFC,
Catholic University of America, Wyle Information
Systems, ADNET System Inc.
The GOES/XRS has become a “standard candle” by which
flare observations from other satellites are compared. It is
increasingly being used alongside SDO to help us better
understand solar flares. In addition, the longevity of GOES
makes it uniquely suited to the study of large numbers of
flares over multiple solar cycles. However, in order to use
the GOES/XRS to accurately derive flare thermal
properties, it is essential to adequately subtract emission
from non-flaring plasma. To date, the potential of the
GOES/XRS has been limited by the lack of standard
background subtraction method, capable of being quickly
and automatically applied to any number of flares. In this
poster we present just such a method, the Temperature and
Emission measure-Based Background Subtraction (TEBBS;
Ryan et al. 2012). This method calculates a flare’s thermal
properties (temperature, emission measure etc.) by first
automatically determining a suitable background
subtraction based on the physical credibility of the results it
produces. This method increases the GOES/XRS’s potential
both as a stand-alone instrument as well as in
complimenting observations made by SDO and other solar
observatories.
Observational Calculation of Flare Filling Factors Using
GOES/XRS, SDO/EVE and SDO/AIA
Author(s): Daniel F. Ryan, Trevor A. Bowen, Philip C.
Chamberlin, Ryan O. Milligan, Peter T. Gallagher
Affiliation(s):
Trinity College Dublin, NASA/GSFC,
Harvard CFA
A solar flare’s filling factor is the fraction of its total
volume which is occupied by high density emitting plasma.
This is a completely unknown factor and a major source of
uncertainty in many studies requiring density calculations.
While the filling factor is usually assumed to be unity,
tentative observational evidence suggests it may be orders
of magnitude less than that. This would have significant
consequences on past and future flare density and emission
measure analyses. In this poster we examine several Cclass events and present the first observational calculations

Author(s): Daniel F. Ryan, Phil C. Chamberlin, Peter T.
Gallagher, Ryan O. Milligan
Affiliation(s):
Trinity College Dublin, NASA/GSFC,
Catholic University of America, Queen's University Belfast
The processes by which solar flares cool have been
modeled many times using magnetohydrodynamic
simulations. However, few studies have tried to compare
the results of such models to observations of large numbers
of flares. A better observational understanding of flare
cooling would help us to better constrain initial flare energy
inputs and better understand how potentially harmful
radiation is released into the solar system. The advent of
SDO/EVE allows us to observe flare cooling more directly
than before while making fewer assumptions (e.g. the
isothermal assumption). This is done by charting the
temporal evolution from several temperature sensitive lines
within the EVE spectral range. In this poster we have used
SDO/EVE and GOES/XRS to calculate flare cooling
profiles of 72 M- and X-class flares. The observed cooling
times have been compared to those predicted by the simple
and highly idealized Cargill et al. (1995) model. We find
that although the model does not accurately fit the
distribution, the agreement is still better than expected,
particularly at shorter cooling times.
Differences between the vector magnetic field provided
by the SDO/HMI and Hinode-SOT/SP databases.
Author(s): A. Sainz Dalda
Affiliation(s):
Stanford-Lockheed Institute for Space
Research
Since April 7, 2010, SDO/HMI has been observing the
photosphere of the full solar disk with almost continuous
coverage. Because of its high temporal cadence, SDO/HMI
data are especially useful to study those dynamic
phenomena that involve the vector magnetic field and its
derived quantities, e.g.: electric current density or helicity.
Hinode-SOT/SP has a better spectral and spatial resolution,
but a worse temporal sampling than SDO/HMI. Hinode
SOT/SP takes about 0.5-1h to scan a typical AR. We can
overcome both instruments' disadvantages by combining
their data. We compare the vector magnetic field of NOAA
AR 11410, obtained from inversions of data from both
instruments. We found that the magnetic field observed by
both instruments is mainly the same for the umbra and
penumbra, but it is slightly different for the plage. The most
important difference is due to the spectral sampling.
However, the spatial sampling also plays an important role

in the derived quantities, i.e. those that require calculating
derivatives on the spatial coordinates. While we cannot
validate which inversion code or instrument gives 'better'
estimates of the vector magnetic field, we can provide a
conversion between SDO/HMI and Hinode-SOT/SP data.
HMI Status and Highlights
Author(s): P.H. Scherrer
Affiliation(s): Stanford University
Calibrated HMI basic observable quantities have been
available for almost 2.5 years. Higher level standard HMI
data products for magnetic fields and helioseismic derived
parameters have been available for about a year. This talk
will give a brief status update on the standard products and
describe a few findings based on these products.
SDO/AIA Prominence physical conditions
Author(s): Schmieder, B.(1), Parenti, S.(2), Dudik, J.(1)
(3), Aulanier, G.(1), Heinzel, P.(4), Zapior, M. (5), Golub,
L. (6)
Affiliation(s): (1) Observatoire de Paris, France, (2)
Observatoire Royal de Belgique, Belgium, (3) University of
Bratislava, Slovakia, (4) Astrophysical Institute of
Ondrejov, Czech, (5) Poland, (5) SAO, Cambridge, US
SDO/AIA has carried out continuous observations of
prominences in multiple wavelengths, with high spatial and
temporal resolution. These data provide us an opportunity
to understand the physical conditions and dynamics of
prominences. The surprising brightness of prominences in
some coronal lines has been well explained by the presence
of transition region lines in the bandpass of the filters (171
A, 131 A), a result that leads us to revise our model of the
transition region of prominences and to consider a relatively
dense transition region in some prominence evolutionary
phases or in some viewing orientation. An additional aspect
of prominence dynamics will be presented with a new
quasi-static MHD model proposed for bubbles and plumes.
We propose an alternative to the interpretation that thermal
instabilities are responsible for the formation of bubbles.
The bubbles are found to correspond to magnetic
separatrices formed by emerging magnetic field close to
prominence footpoints.
Using Distortion of Global Mode Eigenfunctions to
Estimate Large Scale Flows
Author(s): Schou, J. (1), Woodard, M. F. (2), Baldner, C.
S. (1), Larson, T. P. (1)
Affiliation(s): (1) Stanford University, Stanford, CA,
USA, (2) NWRA/CORA, Boulder, CO, USA
The accurate measurement of large scale flows, such as
differential rotation and meridional flow, throughout the
solar interior is important for understanding the solar

interior and the processes relevant for the solar dynamo.
Ordinarily normal modes would be expected to give more
accurate measurement of large scale flows than local
helioseismic techniques. Unfortunately, mode frequencies
are not sensitive to the meridional flow and so traditional
methods do not work. Here we describe our progress on
using the distortion of the eigenfunctions to measure flows.
In particular on identifying the source of the large
systematic errors previously reported and determining the
effect of light travel time, center to limb phase variations
and other physical effects.
Role of 3D-Dispersive Alfven Waves in Coronal Heating
and Solar Wind
Author(s): Sharma, R.P.(1),Yadav, N.(2)
Affiliation(s): Centre for Energy Studies, Indian Institute
of Technology, Delhi
Dispersive Alfven waves (DAWs) play a very important
role in the acceleration and heating of plasma particles in
space as well in laboratory plasmas. DAWs may be Kinetic
Alfven waves (KAW) or Inertial Alfven waves (IAW)
depending upon the plasma beta (here beta is ratio of the
plasma thermal pressure and magnetic pressure). Using
two-fluid model of plasma DAWs have been studied
extensively in literature but to explain the dynamics of
Alfvén vortices one has to study the three dimensional (3D)
propagation of these waves rather than 2D- propagation.
3D- DAW itself propagates in magnetized plasma in the
form of a vortex beam which is manifestation of orbital
angular momentum. These magnetic flux ropes or Alfvén
vortices trap charged plasma particles and energize and
transport them from one place to another. Thus these
Alfvén vortices can also be an alternative mechanism to
explain the energy transport in space plasmas. Coronal
heating is one of the unresolved problems in solar physics.
A number of theories have been given to explain the
mystery behind coronal heating but no satisfactory solution
has been found yet. We propose to study the nonlinear
interaction between 3D-DAW and Ion acoustic wave as a
mechanism in solar environment to generate the 3D- DAW
localized structures. In the absence of ponderomotive nonlinearity we get Laguerre Gauss (LG) polynomials as
solutions of paraxial wave equation governing propagation
of 3D-KAW. These LG modes are characterized by spiral
phase front and concentric rings as intensity pattern. The
relevance of this nonlinear process to coronal heating and
solar wind turbulence has been pointed out. For this we
have developed a (numerical) code based on pseudospectral technique and simulate this nonlinear interaction.
Non-Equilibrium Ionization Modeling of the Current
Sheet in a Simulated Solar Eruption
Author(s): C. Shen, K. K. Reeves, J. C. Raymond, N. A.
Murphy, Y-K. Ko, J. Lin, Z. Mikić
Affiliation(s): Smithsonian Astrophysical Observatory

The current sheet that extends from the top of flare loops to
an associated flux rope is a common structure in models of
coronal mass ejections (CMEs). To understand the
observational properties of CME current sheets, we
generate predictions from flare/CME models to be
compared with observations. We use a simulation of a
large-scale CME current sheet previously reported by
Reeves et al. (2010). This simulation includes Ohmic and
coronal heating, thermal conduction, and radiative cooling
in the energy equation. Using the results of this simulation,
we perform time-dependent ionization calculations of the
flow in a CME current sheet and construct two-dimensional
spatial distributions of ionic charge states for multiple
chemical elements. We use the filter responses from the
Atmospheric Imaging Assembly (AIA) on the Solar
Dynamics Observatory and the predicted intensities of
emission lines to compute the count rates for each of the
AIA bands. The results show differences in the emission
line intensities between equilibrium and non-equilibrium
ionization. The current sheet plasma is underionized at low
heights and overionized at large heights. At low heights in
the current sheet, the intensities of the AIA 94Å and 131Å
channels are lower for non-equilibrium ionization than for
equilibrium ionization; and at large heights, these intensities
are higher for non-equilibrium ionization than for
equilibrium ionization. We also calculated the intensity of
ultraviolet lines and predicted emission features that could
be compared with those events observed by the Ultraviolet
Coronagraph Spectrometer on the Solar and Heliospheric
Observatory, including a low intensity region around the
sheet present in the model.
Long Term Variations in the Solar Chromosphere-Ca K
Line Profiles
Author(s): Sindhuja, G.
Affiliation(s): Indian Institute of Astrophysics
The previous studies show that there is a lack of
information on the variation of network flux with solar
cycle phase and also the center of solar disc was found to
show no variation with solar cycle phase(white and
Livingston 1978). A study on solar variability
model(Skumanich et al 1984) shows that there is an excess
component during the solar maximum phase. Therefore the
above mentioned studies, forms the basis for the
development of new program(Jagdev singh 1989) at
kodaikanal tower telescope since 1986 to monitor Ca K line
profiles as a function of latitude and integrated over the
visible 180o longitude. The huge database is being used to
study the various parameters of the Ca K line and to study
the variation of chromospheric flux as a function of solar
latitude with solar cycle phase. Activity related with
sunspots has been studied widely but variations in the polar
regions have not been observed systematically. Our data
permits to study the changes in polar regions systematically
and its implications to the magnetic cycle of the Sun. Here
we shall discuss the results about the variation in the
chromospheric flux in terms of CaK plages, network and

background flux. These variations have long and short term
implications on the climatic modeling.
EVE and the E-Layer
Author(s): J. J. Sojka, J. B. Jensen, M. David, R. W.
Schunk, T. N. Woods and F. G. Eparvier
Affiliation(s): Utah State University and LASP/University
of Colorado
The ionosphere is arguably the most extensively observed
region in the Living With a Star (LWS) environment. Even
so, it is only now with the availability of the SDO EVE
solar irradiance observations that the connection between
the ionospheric layers and their production by the solar
irradiance can be fully explored. This is because the EVE
measurements have unique cadence (at least 10 seconds),
irradiance spectral coverage, and adequate wavelength
resolution to constrain the ionosphere photoionization
response in both altitude and time. This presentation will
discuss how the EVE 10-second cadence is a crucial new
observation attribute and how this relates to an altitude
dependence in the ionosphere’s response. Problems related
to how energetic photons create photoelectrons with
sufficient energy to produce additional ionization will be
revisited. The ionospheric modelers procedures for
handling this process are at best antiquated. Present-day
ionospheric models are only now becoming sensitive
enough that improved handling of these photoelectrons is
needed. This arises because for the first time EVE is able to
provide high time resolution of the short wavelength
irradiance photons responsible for this process. Another
aspect of how important the absolute calibration of the
irradiance is to the ionosphere will be explored by
contrasting conventional irradiance representations with
that observed by EVE. In this case, differences of
irradiances over narrow wavelength regions are found to
create or not create key ionospheric features such as the Elayer.
Active Region Emergence
Author(s): Robert Stein, Aake Nordlund
Affiliation(s): Michigan State University, Niels Bohr
Institute
Neither a tachocline nor a globally coherent flux tube is
necessary to form an active region. Dynamo action in the
convection zone and magneto-convection together can
produce active regions. We report on a small scale model of
such a process. For a global scale flux tube to emerge from
the tachocline and rise through the convective zone, while
maintaining its coherence and emerging with the proper
orientation and at the correct latitudes such coherent flux
tubes must have a field strength of 40-50 kG at the base of
the convection zone (Weber 2011). How they are formed
with greater than equipartition field strength, stored in and
released from the tachocline has long been a mystery.

Recent simulations show that another scenario is possible.
Global scale magnetic wreaths are produced by dynamo
action inside the convection zone which reverse polarity
(Nelson 2013). Both these global and also local surface
simulations have shown that convective motions produce
magnetic loops from these large scale wreaths which rise to
the surface and produce active regions. The local
simulations of magnetic flux emergence show that the field
initially emerges over a confined area with horizontal fields
emerging over granules with mixed polarity vertical legs at
their ends in the intergranular lanes. The fields are quickly
swept into the intergranular lanes and then stream into
separate, opposite polarity concentrations producing pores
and spots as is observed. These simulations also provide
insight into the subsurface structure of spontaneously
formed pores and spots.
Granules in the Quiet and Magnetic Sun
Author(s): Robert Stein, Valentyna Abramenko, Aake
Nordlund
Affiliation(s): Michigan State University, Big Bear Solar
Observatory, Niels Bohr Institute
High resolution magneto-convection simulations reveal that
there are significant differences in granulation in quiet and
magnetic regions of the Sun. In non-magnetic regions the
granules have scalloped edges (not smooth intergranualr
lanes) in the emergent continuum radiation and the vertical
velocity at the edges of the intergranular lanes form a
branching tree structure extending into the granules. In
magnetic regions the intergranular lanes are smooth in both
intensity and vertical velocity but with swirls (vortices) in
both. These differences are borderline visible in data from
the Big Bear NST.
First direct EUV observation and multi-temperature
analysis of a coherent, wave-like propagating
disturbance along pseudo-open field lines above a
sunspot
Author(s): Stenborg, Guillermo (1), Stekel, Tardelli (1,2),
Vourlidas, Angelos (3), Howard, Russell (3)
Affiliation(s): (1) George Mason University (GMU), (2)
National Institute for Space Research (INPE), Sao Jose dos
Campos SP, Brazil (3) Naval Research Laboratory (NRL)
We report the first direct observation (along with a
comprehensive kinematical characterization) of a wave-like
front recorded in several SDO AIA channels. The front
propagates coherently along a bundle of pseudo-open field
lines with origin on an active region sunspot. Waveletprocessing of AIA images makes the wave-like disturbance
clearly discernible with the naked eye. The disturbance
propagates with an average plane-of-sky phase velocity of
~50 km/sec in the 131 Å, 171 Å, 193 Å, 211 Å, 304 Å and
335 Å channels, exhibiting a ~3 min periodicity in all cases.
Its origin could be tracked down to a higher-than-average

intensity point inside the umbra of the corresponding spot
(i.e., an umbral dot) observed in the 1600 Å and 1700 Å
AIA channels. The intensity of the source oscillates in
phase with the wave-like phenomenon observed in the other
channels. We speculate on the magneto-acoustic nature of
the wave.
The role of solar “tornadoes“ and vortices in filament
fromation and eruption
Author(s): Yang Su, Tongjiang Wang, Astrid Veronig,
Manuela Temmer, and Weiqun Gan
Affiliation(s): Kanzelhöhe Observatory-IGAM, Institute of
Physics, University of Graz, Austria
Solar magnetized “tornadoes” are rotating vertical magnetic
structures in the corona probably driven by underlying
vortex flows in the photosphere. They usually exist as a
group and are related to filaments/prominences. Detailed
case studies show that these tornadoes may play a distinct
role in the supply of mass and twists to filaments. The
findings could lead to a new explanation of filament
formation and eruption.
Direct Observations of Coronal Magnetic Reconnection
Author(s): Yang Su, Astrid Veronig, Brian R. Dennis,
Gordon D. Holman, Tongjiang Wang, Manuela Temmer,
Weiqun Gan
Affiliation(s): Kanzelhöhe Observatory-IGAM, Institute of
Physics, University of Graz, Austria
Magnetic field reconnection is believed to play a
fundamental role in magnetized plasma systems throughout
the universe, but never before has it been so clearly
demonstrated as in the EUV and X-ray movies of a GOESC-class solar flare presented here. The multiwavelength
EUV observations from SDO/AIA show the predicted
inflowing cool loops and newly formed outflowing hot
loops while simultaneous RHESSI X-ray spectra and
images show the appearance of plasma heated to >10 MK at
the expected locations. These two data sets provide solid
visual evidence of magnetic reconnection producing a solar
flare. The non-uniform, nonsteady, and asymmetric nature
of the observed process, together with the measured
reconnection rates, supports the so called flux-pile-up
reconnection. These new features of plasma inflows should
be included in reconnection and flare studies.
Hot Spine Loops and the Nature of a Late-Phase Solar
Flare
Author(s): Xudong Sun, Todd Hoeksema, Yang Liu
Affiliation(s): Stanford University
The fan-spine magnetic topology is thought to be
responsible for many curious emission signatures in solar
explosive events. A spine field line links topologically

separate flux domains and possibly their evolutionary
trends, but direct observational evidence of such structure
has been rare. Here we report a unique event observed by
the Solar Dynamic Observatory (SDO) where a set of hot
coronal loops (over 10 MK) that developed during the
rising phase of the flare connected to a quasi-circular
chromospheric ribbon at one end and a remote brightening
at the other. Magnetic field extrapolation suggest these
loops are tracers of the spine field line. The sequential
brightening of the ribbon and the increasing number of hot
loops suggest that continuous slipping and null-point type
reconnection were at work, transferring flux from below the
fan dome to the exterior. This event also features an
extreme-ultraviolet (EUV) late phase – a second emission
peak observed in the warm EUV lines (2–7 MK) hours after
the flare. Observations indicate that the initially confined
process transitioned to a fluxrope eruption near the flare
peak. The eruption opened the overlying field and
drastically accelerated the energy release. Slow cooling of
the large post-flare arcades naturally explains the sequential
delay of the late-phase peak in increasingly cooler EUV
lines. Our result demonstrates the crucial nature of
magnetic coupling between systems of different sizes – a
minor topological change may lead to violent eruptions on a
much larger scale.

Author(s): Hui Tian (1), Leon Ofman (2,3), Tongjiang
Wang (2,3)
Affiliation(s):
(1) Harvard-Smithsonian Center for
Astrophysics; (2) Catholic University of America; (3)
NASA Goddard Space Flight Center

Multi--instrument estimation of the non--flaring heating
and reconnection rates of an emerging active region:
NOAA AR11112

Author(s): Hui Tian (1), Sarah Gibson (2)
Affiliation(s):
(1) Harvard-Smithsonian Center for
Astrophysics; (2) High Altitude Observatory, National
Center for Atmospheric Research

Author(s): Lucas A. Tarr, Dr. Dana W. Longcope, and Dr.
Keiji Yoshimura
Affiliation(s): Montana State University
In NOAA Active Region 11112, a small bipole emerges
into an area of preexisting, unipolar flux. When overlaid on
HMI magnetograms, the bright, low lying kernel of loops
above the emerging field, observed with AIA and XRT,
originally show magnetic connectivity only between
regions of newly emerged flux. Over the course of several
days, this bright kernel advances into the preexisting flux.
The advancement of this easily visible boundary into the
old flux regions over time provides a quantifiable rate of
reconnection between old and new magnetic domains. We
compare the reconnection rate to the inferred heating of the
coronal plasma. To our knowledge, this is the first
measurement of steady, quiescent heating related to
reconnection. While AR11112 does produce an M3.0 flare
on Oct 16th, 2010, the implied reconnection we focus on
here predates the flare by several days, and does not result
in any observable flaring active of its own, such as
increases in the GOES light curve, chromospheric flare
ribbons, or post--flare loops.
Global oscillations and small scale dynamics of a
filament

Using AIA data, we observed global oscillatory motions
along the axis of a filament with detailed small scale
dynamics. The global oscillation lasted for more than two
days before the eruption of the filament. Both magnetic
tension and gravity are likely to be involved in the global
oscillation, as predicted by theoretical models. A closer
look of the detailed dynamics within the filament suggests
that torsional motions around the prominence axis are also
present. Torsional motions around the two legs of the
filament resemble the so-called "solar tornadoes" observed
at limb by AIA. Variable counter-streaming flows in the
prominence body were detected as well before the filament
eruption. The HMI magnetic field data and multi-line
diagnostics are used to investigate possible mechanisms
responsible for the different types of oscillations and flows
before the eventual eruption of the filament.
Formation of a hot plasma blob: observations of AIA,
CoMP and MK4

Using AIA observations, we found that a hot blob of
plasma formed as a trans-equatorial loop system rose and
opened up. The hot blob was most clearly seen in the AIA
94 passband and not obvious in any other passbands. A
cusp-like structure quickly developed below the hot blob
when the blob left the FOV of AIA 1.5 hours after its
formation. This event was also observed by the CoMP and
MK4 instruments in Mauna Loa Solar Observatory. The
CoMP observation reveals a clear "bunny ear" pattern
suggestive of a magnetic flux rope around the AIA blob.
The hot blob observed by AIA seems to coincide with the
region of enhanced linear polarization between the two dark
ears. A comparison between these observations with MHD
simulations of flux rope eruption suggest that the hot blob
might be the lower part of, or just below, the erupted flux
rope. In the MK4 data we see a clear three-part CME
propagating outward.
Collective Solar Behavior
Author(s): Alan Title, Karel Schrijver, Marc DeRosa
Affiliation(s): Lockheed Martin ATC
The Atmospheric Imaging Assembly (AIA) on the Solar
Dynamic Observatory (SDO) together with the
Helioseismic and Magnetic Imager (HMI) and the Extreme
Ultraviolet
Variability
Experiment
(EVE)
allow

observations of the entire Sun from 6000 K to 20,000,000 K
with arcsecond resolution and a 12 second cadence (AIA),
obtain doppler and continuum images at a 45 second
cadence and Line of Sight and vector magnetograms (HMI)
every few minutes, and integrated solar spectra from 1 to
100 nm on a 2 second cadence (EVE) 24/7. Because of the
enhanced thermal and temporal coverage and the high
dynamic range available with AIA, it has been able to
discovery associated behavior associated with extreme solar
events that are apparently driven by the rapid expansion of
magnetic structures. The extent of the events are
recognized by using co-temporal STEREO data. The
rapidly expanding magnetic structures, speeds between 500
and 2000 km/s, can apparently trigger filament eruptions,
CME’s, and other flares. These “triggered” events are
sometimes larger that the initial disturbance. The remote
triggering makes flare prediction based upon ONLY local
energy build up models less valuable, but suggests that with
proper coverage prediction of solar events with potential for
Earth impact may be made more reliable. Movies of
sample events discovered in AIA together with STEREO
data will be shown.
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Author(s): Titov, Viacheslav S., Mikic, Zoran (1), Torok,
Tibor (1), Linker, Jon A. (1), Lionello, Roberto (1), Riley,
Pete (1)
Affiliation(s): (1) Predictive Science, Inc., California,
USA
Numerical MHD simulations of solar eruptions have made
it possible to model the evolution of magnetic
configurations with considerable realism. However, a
comprehensive
understanding
of
these
complex
configurations requires the development of sophisticated
techniques to analyze the three-dimensional magnetic field
structure. We describe the current state of the art in this
kind of analysis, with detailed illustrations from on-going
projects at Predictive Science. Separatrix surfaces and
quasi-separatrix layers form a structural skeleton of
magnetic configurations by dividing them into multiple
components with a simple topology. We discuss the
principles and capabilities of our techniques for analyzing
the structural skeletons in erupting configurations. In
particular, we show how these techniques allow one: (1) to
identify erupting and non-erupting strands of the flux ropes;
(2) to determine the global topological flux cells in which
such flux ropes reside, and how they interact in successive
eruptions; (3) to calculate evolving magnetic fluxes for each
component of these configurations; (4) to relate certain
structural features to observational features, such as Halpha flare ribbons, extreme-ultraviolet dimmings, and Xray sigmoids in solar eruptions. The ability to compare our
results with observations enables us to verify the accuracy
of the MHD models and to understand how the coronal
magnetic field opens during eruptions.

Helioseismic Detection of the Pre-emerging Magnetic
Flux in the Shallow Convection Zone
Author(s): S. Toriumi, S. Ilonidis, T. Sekii, and T.
Yokoyama
Affiliation(s): University of Tokyo, Stanford University,
National Astronomical Observatory of Japan
We detect the rising magnetic flux in the shallower
convection zone of the Sun by observing acoustic power
reduction, and evaluate its rising speed. Here we aim to
reveal the rising speed of the magnetic flux in the shallow
convection zone, before the active region are created. We
apply six different Fourier filters to the Doppler data of
NOAA AR 10488 taken by SOHO/MDI, to detect the
reduction of acoustic power at six different depths from −15
to −2 Mm. The filtered powers show reductions before the
start of flux appearance at the visible surface. The start
times of these reductions show a rising trend, first at several
km/s in a depth range of 15–10 Mm, then ∼1.5 km/s at 10–5
Mm, and finally at ∼0.5 km/s at 5–2 Mm. If we assume that
the power reduction is actually caused by the rising
magnetic flux, the rising rate of the order of 1 km/s is well
in accordance with previous observations and numerical
simulations. Moreover, the gradual deceleration supports
our simulations and theoretical model that the rising flux
slows down in the uppermost convection zone, just before
its further emergence into the solar atmosphere.
M6.6 Flare in NOAA AR 11158: Formation of the Flaretriggering Region
Author(s): S. Toriumi, Y. Iida, Y. Bamba, K. Kusano, and
S. Inoue
Affiliation(s): University of Tokyo, Nagoya University,
Kyung Hee University
In this study, we investigate the formation process of the
magnetic field structure in NOAA AR 11158 from its birth
to the M6.6 flare, which occurred at 17:28 UT on 2011
February 13. AR 11158, which consisted of two major
emerging fluxes, showed prominent activities including one
X-class and some M-class flares. Here we report that the
magnetic configuration that triggered the M6.6 flare is
consistent with the Reversed-Shear (RS) type structure, one
scenario suggested by Kusano et al. (2012). We used CaH
images and spectropolarization data obtained by
Hinode/SOT, 3D magnetograms by SDO/HMI to study the
formation process of this flare-triggering region. We found
that this region was initially built through the continuous
accumulation of small-scale emerging bipoles. In CaH
images, the emerging bipole collided with the pre-existing
field and, through magnetic reconnection, they created a
new loop arching over the both polarities, which had an RS
configuration. The M-flare occurred a few hours later above
this region.

Ring-Diagram Analysis of Active Regions using HMI
and AIA data
Author(s): Tripathy, S.C (1), Jain, K. (1), Howe, R. (2),
Bogart, R. (3), Basu, S. (4), Hill, F. (1)
Affiliation(s): (1) National Solar Observatory, Tucson,
USA (2) University of Birmingham, Birmingham, UK, (3)
Stanford University, CA, USA, (4) Yale University, CT,
USA
With the launch of the Helioseismic and Magnetic Imager
on board the Solar Dynamics Observatory, high-resolution
observations of the Sun are available in Doppler velocity
and continuum intensity. In addition, data is also available
from the Atmospheric Imaging Assembly in 160 and 170
nm bands, which are useful for helioseismic studies. Here
we use the ring-diagram technique and analyze six active
regions, simple and complex, observed simultaneously in
different wavelengths, and focus on the characteristics of
high-degree modes e.g. frequencies and asymmetry
parameters. We further investigate the dependence of subsurface flows on the choice of the observables to
comprehend the effect of the observing heights, which may
be important in multi-wavelength local helioseismic
studies.
Heating frequency in active region cores as observed in
AIA Fe XVIII images
Author(s): Ugarte-Urra, I (1), Warren H.P. (2)
Affiliation(s): (1) George Mason University, (2) Naval
Research Laboratory
We present a study of the frequency and duration of
brightenings in the core of solar active regions as observed
in the Fe XVIII line component of AIA/SDO 94 A filter
images. The Fe XVIII emission was isolated by removing
the "warm" emission contribution using as proxy the
emission from the AIA 193 and 171 channels. We
examined the evolution of loop in cores of several active
regions that span a wide range of total magnetic field
strengths and at various stages of evolution. Using a newly
developed event detector algorithm we find that the typical
frequency of occurrence of brightness enhancements is in
the order of tens of minutes. We then use those values to
evaluate different scenarios of heating frequency using 1D
hydrodynamical models of loops.
Rescaling MDI Magnetic Data to Match HMI
Author(s): Upton , Lisa A. (1), Hathaway , David H. (2)
Affiliation(s):
Vanderbilt, Nashville, TN (1), UAH,
Huntsville, AL (1), and NASA/MSFC (2)
Comparison of Helioseismic and Magnetic Imager (HMI)
and Michelson Doppler Investigation (MDI) magnetograms
reveals a systematic difference in the field strengths as a

function of center-to-limb distance and magnetic field
strength itself (Liu et al., 2012). While MDI data exhibits
an annual variation at polar latitudes, HMI does not. The
more capable HMI uses 6 samples across the spectral line,
rather than 2 to obtain the magnetic field. Therefore, HMI
data is expected to more accurately represent the Sun and
the MDI magnetic data should be rescaled to match HMI.
Here, the HMI magnetograms have been resampled at the
MDI resolution of 1024x1024. The magnetograms were
then co-aligned by cross-correlating blocks of pixels from
each image to identify and correct differences in orientation
and magnification. The ratio of HMI magnetic field to MDI
magnetic field was obtained for each pixel. This was
repeated for ~650 cotemporal HMI-MDI magnetogram. The
ratios were then averaged and plotted as a function of
center-to-limb distance and magnetic field strength. Here,
we present a function f(|B|, cos
Think Scientifically: The NASA Solar Dynamics
Observatory's Elementary Science Literacy Program
Author(s): Wendy Van Norden, Martha Wawro
Affiliation(s): ADNET Systems Inc/NASA GSFC
The pressure to focus on math and reading at the
elementary level has increased in recent years. As a result,
science education has taken a back seat in elementary
classrooms. The Think Scientifically book series provides a
way for science to easily integrate with existing math and
reading curriculum. This story-based science literature
program integrates a classic storybook format with solid
solar science, to make an educational product that meets
state literacy standards. Each story is accompanied by
hands-on labs and activities that teachers can easily conduct
in their classrooms with minimal training and materials, as
well as math and language arts extensions and assessment
questions. These books are being distributed through
teacher workshops and conferences.
Rotating sunspots and their role in the activity of solar
active region NOAA 11158
Author(s): P. Vemareddy (1), A. Ambastha (1), R. A.
Maurya (2)
Affiliation(s): (1) Physical Research laboratory, (2) Seoul
National University
We study the role of rotating sunspots in relation to the
evolution of various physical parameters characterizing the
non-potentiality of the active region (AR) NOAA 11158
and its eruptive events using the magnetic field data from
the Helioseismic and Magnetic Imager (HMI) and multiwavelength observations from the Atmospheric Imaging
Assembly (AIA) on board the Solar Dynamics Observatory.
From the evolutionary study of HMI intensity and AIA
channels, it is observed that the AR consists of two major
rotating sunspots, one connected to a flare-prone region and
another with coronal mass ejection (CME). The constructed

space-time intensity maps reveal that the sunspots exhibited
peak rotation rates coinciding with the occurrence of major
eruptive events. Further, temporal profiles of twist
parameters, namely, average shear angle, α_{av},
α_{best}, derived from HMI vector magnetograms, and the
rate of helicity injection, obtained from the horizontal flux
motions of HMI line-of-sight magnetograms, correspond
well with the rotational profile of the sunspot in the CMEprone region, giving predominant evidence of rotational
motion causing magnetic non-potentiality. Moreover, the
mean value of free energy from the virial theorem
calculated at the photospheric level shows a clear stepdown decrease at the onset time of the flares revealing
unambiguous evidence of energy release intermittently that
is stored by flux emergence and/or motions in pre-flare
phases. Additionally, distribution of helicity injection is
homogeneous in the CME-prone region while in the flareprone region it is not and often changes sign. This study
provides a clear picture that both proper and rotational
motions of the observed fluxes played significant roles in
enhancing the magnetic non-potentiality of the AR by
injecting helicity, twisting the magnetic fields and thereby
increasing the free energy, leading to favorable conditions
for the observed transient activity.
Helicity Injection by the Shearing Motion of Fluxes in
Relation to Flares and Coronal Mass Ejections
Author(s): Vemareddy, P. (1), Ambastha, A. (1), Maurya,
R.A. (2), Chae, J. (2)
Affiliation(s): (1) Physical Research laboratory, (2) Seoul
National University
An investigation of helicity injection by photospheric shear
motions is carried out for two active regions (ARs), NOAA
11158 and 11166, using line-of-sight magnetic field
observations obtained from the Helioseismic and Magnetic
Imager on board the Solar Dynamics Observatory. We
derived the horizontal velocities in the ARs from the
differential affine velocity estimator (DAVE) technique.
Persistent strong shear motions at maximum velocities in
the range of 0.6–0.9 km s^{&#8722;1} along the magnetic
polarity inversion line and outward flows from the
peripheral regions of the sunspots were observed in the two
ARs. The helicities injected in NOAA 11158 and 11166
during their six-day evolution period were estimated as
14.16x10^{42}
Mx^2
and
9.5×10^{42}
Mx^2,
respectively. The estimated injection rates decreased up to
13% by increasing the time interval between the
magnetograms from 12 minutes to 36 minutes, and
increased up to 9% by decreasing the DAVE window size
from 21×18 to 9×6 pixel2, resulting in 10% variation in the
accumulated helicity. In both ARs, the flare-prone regions
(R2) had inhomogeneous helicity flux distribution with
mixed helicities of both signs and coronal mass ejection
(CME) prone regions had almost homogeneous distribution
of helicity flux dominated by a single sign. The temporal
profiles of helicity injection showed impulsive variations
during some flares/CMEs due to negative helicity injection

into the dominant region of positive helicity flux. A
quantitative analysis reveals a marginally significant
association of helicity flux with CMEs but not flares in AR
11158, while for the AR 11166, we find a marginally
significant association of helicity flux with flares but not
CMEs, providing evidence of the role of helicity injection
at localized sites of the events. These short-term variations
of helicity flux are further discussed in view of possible
flare-related effects. This study suggests that flux motions
and spatial distribution of helicity injection are important to
understanding the complex nature of the magnetic flux
system of the AR, and how it can lead to conditions
favorable for eruptive events.
Understanding Coronal Heating by Comparing
SDO/AIA Observations with Modeled Light Curves
Author(s): Nicholeen M. Viall & James A. Klimchuk
Affiliation(s):
NASA Goddard Space Flight Center,
Greenbelt, MD
An important signature of nanoflare heated coronal plasma
is the sudden appearance of the plasma at hot temperatures,
followed by a comparatively slow cooling and draining
phase. This is due to the impulsive nature of nanoflare
heating and the heat conduction and mass exchange
between the corona and chromosphere. Identifying such
nanoflare signatures is complicated by the fact that the solar
corona is optically thin: many thousands of flux tubes
which are heated completely independently are contributing
to the total emission along a given line of sight. One
approach has been to analyze isolated features such as
coronal loops; however the diffuse emission between and
around isolated features contribute as much, if not more to
the EUV coronal emission, and therefore is crucial to the
understanding of coronal heating. In this study we move
beyond isolated features and analyze all of the emission in
an entire active region and quiet Sun area. We investigate
SDO/AIA light curves, systematically identifying nanoflare
signatures. We compare the observations with a model of
the corona as a line-of-sight integration of many thousands
of completely independently heated flux tubes. We consider
that the emission from these flux tubes may be due
exclusively to impulsive nanoflare bursts, quasi-steady
heating, or a mix of both, depending on the cadence of heat
release. We demonstrate that despite the superposition of
randomly heated flux tubes, different distributions of
nanoflare cadences produce distinct signatures in light
curves observed with multi-wavelength and high time
cadence data, such as those from SDO/AIA. We find that
much of the solar corona is heated through impulsive
nanoflares.
Vertical kink oscillations of coronal loops triggered by
recurrent jets
Author(s): Wang, Tongjiang (1,2), Ofman, Leon (1,2),
Davila, Joseph M. (2)

Affiliation(s): (1) The Catholic University of America,
USA, (2) NASA's GSFC, USA
Transverse coronal loop oscillations were first observed by
TRACE in EUV images, and have been interpreted as
global standing kink modes. These loop oscillations are
thought to be excited by a blast wave in the form of a shock
or a fast-mode wave produced by a flare or CME. In this
presentation, we report simultaneous imaging and
spectroscopic observations with SDO/AIA and Hinode/EIS
of a vertical loop oscillations triggered by recurrent jets at
the footpoints. These oscillations start with a fast
disturbance traveling along the loop with the propagating
speed more than 500 km/s, much faster than the apparent
EUV jets. The vertical loop oscillations are associated with
quasi-periodic outwardly propagating features with the
speeds 30-300 km/s, suggestive of loop expansions. In
addition, we perform 3D MHD modeling of a typical such
event to understand the excitation of kink oscillations by
impulsive flows.

need to develop a methodology for estimating and
forecasting the solar irradiance at all EUV wavelengths
from sparse data sets. The AIA on SDO provides full Sun
solar images in 7 narrow EUV wavelength ranges. These
channels were selected to provide complete thermal
coverage of the corona and allow for calculation of the
differential emission measure distribution. In this
presentation we report on our efforts to use AIA DEM
calculations to estimate the solar EUV irradiance at
wavelength below 450 Å, where the emission is
predominately optically thin. To validate our AIA DEM
calculations we have performed extensive comparisons with
simultaneous observations from the EIS instrument on
Hinode and find that with the proper constraints we can
generally reproduce the results obtained with detailed
spectroscopic observations using AIA. We also present
comparisons with existing time series of QEUV, the
integrated solar irradiance at wavelengths below 450 Å.
The SDO Social Media Program: Walking the cat back
into the bag

Sharp Acceleration of Sunspot Rotation Associated with
Flares in NOAA AR 11158
Author(s): Shuo Wang, Chang Liu, Na Deng, Haimin
Wang
Affiliation(s): NJIT
The NOAA AR 11158 produced several major flares and
showed spiral penumbra that indicates rotation of sunspots.
The Helioseismic and Magnetic Imager on board the Solar
Dynamics Observatory provides both 45 seconds and 720
seconds cadence white-light images from two cameras.
These unprecedented high-cadence and high-resolution data
give us a unique opportunity to study the change of sunspot
rotation associated with flares. We calculated vorticity of
selected spots derived using the Differential Affine
Velocity Estimator method. The results of vorticity
evolution from two different cameras match each other, and
are consistent with previous studies on spot rotation. We
find that some spots show sharp acceleration of rotation at
the time of the rising phase of GOES soft X-ray flux, and
the faster-than-normal spot rotation could last for about 560 minutes.

Author(s): Wawro, Martha (1,2); Van Norden, Wendy
(1,2); Young, C. Alex (1); Durscher, Romeo (3)
Affiliation(s): 1) NASA GSFC; 2) ADNET Systems Inc.
3) Stanford University
As social media continues to grow as a way to
communicate with the public about science missions, data
and other STEM related topics, there has become a need for
more organized and regimented Social Media programs and
plans. In the Heliophysics science division at Goddard
Space Flight Center we have been working on creating a
template for social media programs which incorporates not
just the goals for the program, as well as identifying an
audience, but also deals with concerns about messaging,
collaboration with other organizations, controversial topics,
and evaluation. We hope that through creating a more
unified approach we can develop a social media program
that not only meets the needs of the audience but
incorporates the needs of all of the different entities
including the scientists, EPO Professionals and Office of
Communications.
Solar Cycle Variation of Coronal Mass Ejections

Computing the Solar EUV Irradiance at Wavelengths
Below 450 Å
Author(s): Harry Warren
Affiliation(s): NRL
The solar EUV irradiance plays a central role in
determining the state of the Earth’s upper atmosphere. The
EUV irradiance at the shortest wavelengths, which is highly
variable over time scales from seconds to decades, is
particularly important for many aspects of space weather.
Systematic spectrally resolved observations at the shortest
EUV wavelengths, however, have been rare and there is a

Author(s): David Webb
Affiliation(s): ISR, Boston College
The frequency of occurrence of CMEs observed in white
light (WL) tends to track the solar cycle in both phase and
amplitude, which varies by an order of magnitude over the
cycle. Since WL CMEs have been counted since Skylab,
we now have observations extending over the last four solar
cycles. LASCO has now observed the entire Solar Cycle 23
and continues to observe through the current rise phase of
Cycle 24. It has detected CMEs at a rate slightly higher than
earlier observations, varying from around 1/day around

solar minimum to ~5/day at maximum. Running averages
of the CME rate vs. sunspot number shows that both have
double cycle peaks, with the CME peak lagging sunspots by
many months. This lag is likely related to observations that
high latitude CMEs arise from polar crown filaments which
have a “rush to the poles”' near maximum and disappear
(erupt) with a frequency that slightly lags sunspot numbers
at low latitudes. Cycle 23 had an unusually long decline and
flat minimum. During this period we have been able to
image and count CMEs in the heliosphere, and can
determine rates from both LASCO and STEREO
coronagraphs and from the Solar Mass Ejection Imager
(SMEI) and the SECCHI Heliospheric Imagers in the
heliosphere. Manual rates estimated by observers are now
supplemented by counts from identifications made by
automatic programs, such as contained in the SEEDS,
CACTus and ARTEMIS catalogs. Despite differences in
amplitude, the CME rate continues to track the sunspot
number through its minimum and rise of Cycle 24. We will
discuss these rate estimates, both for the Cycle 23-24 period
and over the last four cycles for which we have WL CME
observations.
Photospheric Drivers of Coronal Evolution
Author(s): B.T. Welsch(1), M. Kazachenko(1), G. H.
Fisher(1), M. C. M. Cheung(2), M. L. DeRosa(2), and the
CGEM Team(1,2,3)
Affiliation(s): (1) Space Sciences Lab, UC-Berkeley; (2)
Lockheed Martin Solar & Astrophysics Lab; (3) Stanford
University
Flares and coronal mass ejections (CMEs) are driven by the
release of free magnetic energy stored in the coronal
magnetic field. While this energy is stored in the corona,
photospheric driving must play a central role in its
injection, storage, and release, since magnetic fields present
in the corona originated within the solar interior, and are
anchored at the photosphere. Also, the corona's low
diffusivity and high Alfven speed (compared to that at the
photosphere) imply that the large-scale coronal field
essentially maintains equilibrium (outside of episodic flares
and CMEs!), and therefore only evolves due to forcing from
photospheric evolution. But fundamental questions about
each stage of this "storage and release" paradigm remain
open: How does free magnetic energy build up in the
corona? How is this energy stored? And what triggers its
release? The unprecedented combination of high cadence,
resolution, and duty cycle of the HMI vector magnetograph
enables modeling coronal magnetic evolution in response to
photospheric driving, a powerful approach to addressing
these questions. I will discuss our efforts to use HMI vector
magneotgrams of AR 11158 to derive time-dependent
boundary conditions for a data-driven coronal magnetic
field model. These efforts will play a key role in the
planned Coronal Global Evolutionary Model (CGEM), a
data-driven, time-dependent model of the global coronal
field. This work is supported by NASA's Living With a Star

program and NSF's Division of Atmospheric and Geospace
Sciences.
Quasi-Periodic Pulsations during the onset of solar
flares: multi-instrumental comparison
Author(s): M. J. West (1), L. Dolla (1), C. Marque (1), D.
B. Seaton (1), T. Van Doorsselaere (2), M. Dominique (1),
D. Berghmans (1), C. Cabanas (1), A. De Groof (1, 3), W.
Schmutz (4), A. Verdini (1), J. Zender (3), A. N. Zhukov
(1,5)
Affiliation(s): (1) Solar-Terrestrial Center of Excellence,
Royal Observatory of Belgium (2) Centrum voor PlasmaAstrofysica, Department of Mathematics, KULeuven, (3)
European Space Agency, ESTEC, Noordwijk, The
Netherlands;
(4)
Physikalisch-Meteorologisches
Observatorium Davos, World Radiation Center; (5)
Skobeltsyn Institute of Nuclear Physics, Moscow State
University
Quasi-periodic pulsations have been observed in the rising
phase of solar flares for many years. Observations have
been made over a wide spectral range, extending from Xrays to radio wavelengths. The current generation of
spacebourne instruments, especially SDO, EVE and ESP,
have exceptionally high sampling rates and allow us to
make more detailed observations of this phenomena. In this
work, we compare short-period oscillations (around 10 s)
observed in flare events by multiple instruments: the
radiometer channels of SDO/EVE-ESP (soft X-ray, coronal
and chromospheric passbands), the EUV channels of the
radiometer PROBA2/LYRA, the RHESSI passbands and
short-wavelength radio observations.
A comparison of SOHO/SEM zeroth-order (0.1-50 nm)
and SDO/EVE integrated spectral irradiances
Author(s): Seth Wieman, Leonid Didkovsky, Darrell Judge
Affiliation(s): University of Southern California
The SOHO/CELIAS Solar EUV Monitor (SEM), which has
measured absolute extreme ultraviolet (EUV) solar
irradiance nearly continuously over a 17 year period
covering two solar minima, includes a zero-order channel
with an approximate bandpass of 0.1-50 nm. We present a
comparison of SDO/EVE 6-50 nm integrated spectral
irradiance with the SOHO/SEM zeroth-order band
irradiances for the period of overlap between the SOHO
and SDO missions. Also included in this comparison are
absolute measurements from the Neon Rare Gas Ionization
Cell (RGIC), an instrument with similar bandpass (~5-57
nm as limited by the photionization threshold of neon), that
is flown periodically on the SOHO/SEM sounding rocket
calibration underflights, the most recent of which launched
on July 24, 2012 providing a measurement that is
concurrent with both SDO/EVE and SOHO/SEM. A
reference spectrum is required in order to calculate
irradiance values based on the SEM raw data as well as to

correct for the small differences in bandpass when
intercomparing EVE, SEM and RGIC measurements.
Before the SDO/EVE spectra were available, the
SOLERS22 model reference spectrum was used. In this
work, the effect of using composite spectra based on
SDO/EVE spectra in place of SOLERS22 for the period
during which SDO has been in operation is discussed.

10-30 MK, with both down and upflows measured at cooler
temperatures of 1.5-3.0 MK, suggesting unresolved
structures. All emission lines show evidence of significant
non-thermal broadening, and the electron density of the
plasma is 3.4 x 10^10 cm-3. The observations are compared
to models of chromospheric evaporation and similarities
and differences are highlighted.

Fe I Spectra of Core-Halo Structures in a White-Light
Flare

CHIANTI 7.1: a new database release for SDO data
analysis

Author(s): Yan Xu, Ju Jing & Haimin Wang
Affiliation(s): New Jersey Institute of Technology

Author(s): Young, P.R. (1), Landi, E. (2), Del Zanna, G.
(3), Dere, K.P.(1), Mason, H.E. (3
Affiliation(s): (1) George Mason University, VA, USA,
(2) University of Michigan, MI, USA, (3) University of
Cambridge, Cambridge, UK

In this study, we present the imaging spectroscopy of an Xclass flare with white-light emission on September 06,
2011, observed with Helioseismic Magnetic Imager (HMI)
on board Solar Dynamics Observatory (SDO). The HMI
provides seeing-free images at 6173 \AA continuum with a
45s cadence and six-point spectrograms centered at 6173.34
\AA with 0.172 \AA steps. Taking advantage of the
0.5\arcsecond image scale, the flare kernels are fully
resolved and fine structures, including the core and halo,
are able to be identified. We analyzed the line-profile,
constructed from six spectral positions, of the flare core and
halo pixels, respectively. We studied the morphology of the
continuum flare kernel comparing with previous white-light
observations. The resemblance and the discrepancy of the
two kinds of spectra, which could be related to different
heating mechanisms, are then discussed.

Version 7.1 of the CHIANTI atomic database was released
in October 2012 and contains a number of improvements to
better model data returned by the AIA and EVE instruments
on board SDO. Specifically the models for the important
iron ions Fe VIII to Fe XIV have been greatly expanded,
yielding many thousands of new transitions in the 50-170
angstrom range that enable the irradiance spectra obtained
by EVE to be modeled more accurately. A lack of available
atomic data meant that the AIA 94 angstrom channel was
not well modeled at low temperatures in earlier versions of
CHIANTI. New data for Fe VIII, Fe X and Fe XIV added
to CHIANTI 7.1 give important contributions to the
channel and greatly improve comparisons with theory.

SDO and Hinode observations of coronal heating at a
flare kernel site

Studies of the dynamics and energetics of cool plasma
ejections into the corona

Author(s): Young, P.R. (1), Doschek, G.A. (2), Warren,
H.P. (2), Hara, H. (3)
Affiliation(s): (1) George Mason University, VA, USA,
(2) Naval Research Laboratory, DC, USA, (3) NAOJ,
Tokyo, Japan

Author(s): Zacharias, Pia (1), Bingert, Sven (2), Peter,
Hardi (2)
Affiliation(s): (1) ISSI, Bern, Switzerland, (2) MPS,
Katlenburg-Lindau, Germany

Flare kernels are compact features located in the
chromosphere that are the sites of rapid heating and plasma
upflow during the rise phase of flares. They provide an
excellent opportunity for testing models of energy transport
and dissipation in the solar atmosphere as they are very
bright and emit over a wide temperature range. A M1.1
class flare that peaked at 07:44 UT on 2011 February 16
was observed simultaneously by SDO and Hinode, and one
flare kernel observed prior to the flare peak is highlighted.
It is found to emit at all temperatures from the
chromosphere through to 30 MK, with all AIA channels
brightening simultaneously and rise times of only 1 minute.
The kernel is located on a ridge of strong magnetic field
close to a neutral line in the active region. The kernel is at
the resolution limit of AIA, suggesting a size of < 0.6
arcsec. Hinode/EIS allows velocity patterns in the kernel to
be tracked over a wide temperature range and reveals a
dominant high speed upflow of 400 km/s at temperatures of

The corona is highly dynamic and shows transient events
on various scales in space and time. Most of these features
are related to changes in the magnetic field structure or
impulsive heating caused by the conversion of magnetic to
thermal energy. We are applying three-dimensional
magnetohydrodynamic models in order to investigate the
structure and dynamics in the upper solar atmosphere above
a small active region. Emission line spectra are synthesized
from the model and compared to spectra and images
observed by current space-based instruments, such as the
EUV Imaging Spectrometer (EIS) onboard the Hinode
satellite and the Atmospheric Imaging Assembly (AIA)
onboard the Solar Dynamics Observatory. We investigate
mass and energy flows between the solar chromosphere and
corona and discuss possible scenarios for a mass cycle
between the lower and upper solar atmosphere. In
particular, we have studied the processes that lead to the
formation and ejection of a confined plasma ejection into
the solar corona. A description of the nature of this

particular feature will be presented which is found to be a
hydrodynamic phenomenon triggered by a heating event
above the chromosphere. A detailed analysis of 1D coronal
loop models has been performed to understand how the
plasma responds to a heating pulse. The results confirm the
formation mechanism of the blob observed in the 3D
model. This raises the question if other small-scale ejection
features seen on the Sun could also be based on
hydrodynamic processes instead of being plasmoid-type
phenomena as it is usually assumed.
Evidences on the Existence of Magnetic Flux Rope
Before and During a Solar Eruption
Author(s): Jie Zhang, Xin Cheng, Kai Liu
Affiliation(s): George Mason University
We report the observational evidences from the advanced
SDO observations that magnetic flux ropes exist before and
during solar eruptions. The solar eruption is defined as
coronal mass ejection, whether or not associated with a
solar flare. Magnetic flux ropes are directly observed as hot
EUV channels as seen in the hot AIA 131 (10 MK) and/or
AIA 94 (6.4 MK) passbands, but are absent in cool AIA
passbands. The fact that flux ropes are only seen in hot
temperatures explains their evasion of detection from
previous EUV observations, such as SOHO/EIT, TRACE
and STEREO/EUVI. The hot channel usually appears as a
writhed sigmoidal shape and slowly rises prior to the onset
of the impulsive acceleration as well as the onset of the
flare. The hot channel transforms into a CME-like semicircular shape in a continuous way, indicating its trapping
or organization by a coherent magnetic structure. The
dynamic and thermal properties of flux ropes will also be
presented. We further discuss the critical role of flux ropes
in CME initiation and subsequent acceleration, in light of
contrasting the standard eruptive flare models.

Solar-cycle variation of helicity characters
Author(s): Zhang M. (1), Zhao J.W. (2), Miesch M. (3)
Affiliation(s): (1) National Astronomical Observatory,
Chinese Academy of Sciences, Beijing (2) W. W. Hansen
Experimental Physics Laboratory, Stanford University (3)
High Altitude Observatory, Boulder
We present results of our recent study on the solar-cycle
variation of magnetic helicity, current helicity and
kinematic helicity. We first show that hemispheric helicity
sign rule is observed on the photosphere and shows solarcycle variation. Strong and weak magnetic fields show
opposite current helicity signs in some active regions and
this property also has a solar-cycle variation. Then we use a
convective Babcock-Leighton dynamo model to show that
these observed solar-cycle variations are also evident in the
model, with the usual hemispheric helicity sign rule better

preserved in magnetic helicity density than that of current
helicity. And finally we show that both in the dynamo
model and by helioseismology observation no solar-cycle
variation of kinematic helicity is present. These results,
from SP/Hinode and HMI/SDO observations, give
constraints on the mechanism of helicity production. These
results can also be used to constrain dynamo models.
Recent Local Helioseismology Results from SDO/HMI
Author(s): Junwei Zhao, R.S.Bogart, A.G.Kosovichev,
T.L.Duvall,Jr., Thomas Hartlep
Affiliation(s): HEPL, Stanford University
Since the launch of Solar Dynamics Observatory, the
Helioseismic and Magnetic Imager has accumulated 2.5
years of continuous observations. Using time-distance
helioseismology, we have obtained new results on both
global and local scales. By analyzing the first two years'
observations, we were able to detect the equator-ward
meridional flow at a depth of around 70 Mm, and detect the
existence of a second meridional circulation below about
120 Mm. This new profile of interior meridional flow will
pose challenges to the current dynamo models. At the
shallower depth, we studied the temporal evolution of zonal
flows, as well as the residual meridional flow, which was
obtained by subtracting an averaged meridional flow
profile. We found that both quantities showed strong
hemispherical asymmetries. On local scales, we studied
subsurface flows inside active regions and supergranules, as
well as the potential links between solar flares and these
subsurface dynamics.
Highlights of significant space weather events in 2012
Author(s): Yihua Zheng and NASA/GSFC SWRC team
Affiliation(s): NASA/GSFC
As solar maximum is expected in 2013, solar activities have
been on the rise in 2012 in comparison to 2010 and 2011. In
this presentation, we will provide an overview of space
weather events in 2012 and highlight a few significant ones
in terms of SEP (Solar Energetic Particles) radiation storms
(due to solar energetic particles) and geomagnetic storms.
In particular, the 7 March 2012 event and the 12 July 2012
resulting in both SEP enhancement and a major
geomagnetic storm, the first GLE event in 17 May 2012,
and the remarkable 23 July 2012 event will be discussed in
detail. Characteristics and comparisons of SEP events near
Earth, at STEREO A and STEREO B locations will be
given. Challenges in forecasting space weather events will
also be discussed.
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