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Various dynamical puzzle pieces in the seismic Rubik’s cube

J. Toomre

JILA and Dept Astrophysical and Planetary Sciences, University of Colorado,
USA

Email: jtoomre@solarz.colorado.edu

Abstract: Helioseismology and asteroseismology are both advancing rapidly,
each in turn paced by the new observational tools that have recently become
available, or are soon to begin functioning. Thus GONG+, SOHO/MDI, MOST
and soon CoRoT and SDO/HMI will each contribute to expanding the data
bases available for probing the interior of stars, joined by a range of individual
observational projects, some embraced by HELAS. Although variable stars come
in many forms, the sun and the solar-like stars share many aspects that challenge
our understanding of the interior dynamics and structure attained within them.
The intricate coupling of turbulent convection, rotation and magnetism plays a
central role in these stars, and much of this can now be probed, especially with
spatially-resolved observations of the sun. Thus the Rubik’s Cube has many
elements, both from local helioseismic probing and from theoretical modeling of
these processes, that are likely to become aligned as we rotate the panels and
attain a clearer picture of what may be going on within this star. We will review
the dynamical issues that are likely to be a focus of the new observational and
analysis efforts now under way and being planned. The structure of the solar
near-surface shear layer with its multiple scales of motion, many interacting
with magnetism, is beginning to be intensely studied. Yet its dynamic origin
and potential variability as the solar cycle advances has yet to be clarified. The
manner in which the solar differential rotation appears to be established within
the bulk of the convection zone is now partly sorted out through simulations,
placing significant constraints on the patterns of meridional circulations that are
likely present. Since these are more complex than assumed in mean field flux-
transport models that replicate some aspects of the solar cycle, it is essential to
get guidance from helioseismic deductions about the deeper circulations. The
tachocline of rotational shear at the base of the convection zone is the likely seat
of the global dynamo, providing the means to build strong toroidal magnetic
fields that eventually erupt. Devising helioseismic means to probe variations in
this region should be a major effort as we try to devise and test self-consistent
dynamical models for this subtle boundary layer. The sun continues to reveal
itself as a remarkably complex magnetic star, a property likely shared by many
other stars now being studied or contemplated.
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Local helioseismology, techniques and issues

A. C. Birch

NWRA, CoRA Division

Email: aaronb@cora.nwra.com

Abstract: I will describe the intuitive motivation for, as well as the prac-
tical application of, the various techniques of local helioseismology: ring di-
agrams, time-distance helioseismology, holography, and direct modeling. For
each of these methods I will review the current understanding of forward mod-
eling and inversion procedures. I will conclude with a discussion of outstanding
issues and areas for future research.
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Farside helioseismic holography: recent advances

Irene González Hernández[1], Douglas C. Braun[2], Shravan M. Hanasoge[3],
Frank Hill[1], Charles Lindsey[2], Phil Scherrer[3]

[1]National Solar Observatory, Tucson, Arizona; [2]NorthWest Research Asso-
ciates, Boulder, Colorado; [3]Stanford University, Stanford, California

Email: irenegh@nso.edu

Abstract: Both MDI and GONG have been calculating partial farside
maps for some time, showing a high degree of agreement in detecting large
active regions within approximately 45 degrees of the antipode of disk center.
Recently, the full-hemisphere capability has been added to the farside pipelines
of both instruments. We show here the capability of detecting large active
regions and tracking them through out the full farside hemisphere by applying
the technique to active region 10808. We also report on efforts underway to
calibrate the farside signal in terms of equivalent magnetic field, including some
preliminary maps obtained from artificial helioseismic data.
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Seismology of magnetic photospheres

Charles Lindsey

NorthWest Research Associates

Email: clindsey@cora.nwra.com

Abstract: Since the advent of local helioseismology, a variety of inde-
pendently developed diagnostic techniques have converged to suggest the exis-
tence of relatively large-scale, near-surface flows associated with active regions.
Plages, with their enhanced luminosity, generally appear to be the centers of
large-scale inflows. Sunspots, which are much less luminous than the quiet Sun,
appear to be the centers of somewhat more compact, but relatively rapid, near-
surface outflows—according to some diagnostics, but in this case the evidence
has been inconsistent. One of the major developments in local helioseismology
of the late 1990s was the discovery by Duvall et al. that phase travel times for
waves propagating into sunspot photospheres are significantly longer than for
waves propagating away from them, a phenomenon to which we refer in this
study as “the phase asymmetry.” Duvall et al. proposed that the phase asym-
metry is the signature of rapid downflows beneath sunspots, a thesis developed
at length by other authors. However, outflows combined with downdrafts would
evacuate the shallow subphotosphere of the sunspot, challenging basic require-
ments of mass conservation. In this study, we develop the hypothesis that the
phase asymmetry is largely the result of phase perturbations induced by mag-
netic fields in the photospheres or shallow subphotospheres of active regions.
Central to the hypothesis is partial conversion of arriving compression waves
to Alfvén waves that disappear into the active region subphotosphere, thought
to be a major contributor to absorption of p-modes by magnetic regions. If
the entirety of the phase asymmetry can be attributed to magnetically-induced
phase shifts, evidence for significant near-surface outflows from sunspots could
be regarded as both considerable and consistent. This would support a general
theory of flows in the convection zone driven by magnetically induced lumi-
nosity variations at the overlying solar surface. A careful re-examination of
seismic flow diagnostics with a practical account of magnetically induced phase
shifts would be particularly timely with the advent of the Helioseismic Magnetic
Imager (HMI) aboard the Solar Dynamics Observatory.
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Comparisons between observed and simulated surface velocities in
the presence of inclined magnetic fields.

H. Schunker [1], P. S. Cally [1], D. C. Braun [2], C. Lindsey [2]

[1] Monash University; [2] NorthWest Research Associates, Inc.

Email: hannah.schunker@sci.monash.edu.au

Abstract: The Dopplergram signal within sunspots, observed with SOHO-
MDI, is used in helioseismic holography to calculate the phase change of incom-
ing acoustic waves at the surface. We show that this, as well as the amplitude
decrease, indicates that there is a directional dependence of the surface velocity
on the direction and/or strength of the magnetic field. The directional depen-
dence is consistent for two sunspots, AR9026 and AR9057. Using a realistic
model of the near solar surface, with the addition of a uniform, inclined mag-
netic field, the magnetoacoustic interactions are analysed. The upcoming fast
acoustic waves undergo conversion close to the β ∼ 1 layer to slow magnetic
waves and the degree of conversion is primarily dependent on the ‘attack angle’
between the ray path and the magnetic field. For conditions similar to those
in a sunspot we have found considerable support for the wave conversion the-
ory from the observations. Here we compare the results and the observations
speculating on the cause of acoustic absorption, the directional dependence and
discuss the implications for helioseismology.
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Imaging the interaction of solar waves with a sunspot

L. Gizon

Max-Planck-Institut für Sonnensystemforschung

Email: gizon@mps.mpg.de

Abstract: An original method to study the interaction of solar waves
with a sunspot is presented. This method enables to see the deformation of a
specific wave train as it passes through the sunspot. Local amplitude and phase
shifts are measured using MDI/SOHO data.
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Seismic results on temporal variations of the solar interior

Rachel Howe

National Solar Observatory, 950 N. Cherry Avenue, Tucson AZ 85719, USA

Email: rhowe@noao.edu

Abstract: 2006 marks the 10th anniversary of the start of MDI obser-
vations and the 11th anniversary of GONG. These continuous medium-degree
observations covering an 11-year solar cycle have revealed the deep-penetrating
structure of the migrating zonal flow pattern known as the torsional oscillation,
as well as giving hints of possible other periodicities in the rotation rate close to
the tachocline. These results can now be compared with the predictions from
dynamo modeling. Temporal changes in the structure of the solar interior are
more challenging to measure, as the obvious solar-cycle effects are dominated
by the surface. We will review the major results in the field, both historical and
recent.
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Improving the seismic visibility of the solar tachocline

Stuart M. Jefferies [1], Sergei V. Vorontsov [2], Cynthia A. Giebink [1]

[1] Institute for Astronomy, University of Hawaii; [2] Astronomy Unit, Queen
Mary College, University of London

Email: stuartj@ifa.hawaii.edu

Abstract: Using a new model for the oscillation l-nu power spectrum,
that can reproduce the observed spectrum over a large dynamic range (∼1000),
we are able to determine oscillation frequencies that are minimally corrupted
by systematic error. Inversion of the frequencies obtained by using this model
to describe a high signal-to-noise m-averaged spectrum, based on 360 days of
velocity observations from the MDI experiment on board the SOHO satellite,
yields improved resolution for the mean internal seismic structure of the Sun
over that previously obtained. In particular, the details in and around the
tachocline, the region where the solar internal rotation changes rapidly from
differential rotation to essentially solid-body rotation and which is believed to
be the seat of the solar dynamo, are visible with unprecedented clarity. Here we
show these results, highlight the details of the spectral model, and discuss its
future application to individual l-m-nu spectra and the accurate determination
of the internal rotation profile in this important region of the Sun.

9



O9

The seismic Sun over three activity cycles

G. A. Verner[1], W. J. Chaplin[1], Y. Elsworth[1], S. J. Hale[1], B. A. Miller[1],
R. New[2]

[1] School of Physics and Astronomy, University of Birmingham, Edgbaston,
Birmingham, B15 2TT; [2] Faculty of Arts, Computing, Engineering, and Sci-
ences, Sheffield Hallam University, Sheffield, S1 1WB

Email: gav@bison.ph.bham.ac.uk

Abstract: The Birmingham Solar Oscillations Network has been observ-
ing low-degree p-modes for 30 years, covering almost three complete solar cycles.
Each of these cycles has unique characteristics that may be observed in a number
of different indicators of solar activity. Here, the global seismology is compared
over the last three solar cycles and the links between activity and helioseismol-
ogy are explored using proxies sensitive to a range of physical processes in the
Sun.
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Cyclic variability of the seismic solar radius from SOHO/MDI and
related physics

S. Lefebvre[1], A. G. Kosovichev[2], P. Nghiem[1], S. Turck-Chièze[1]

[1]SAp/DAPNIA/DSM - CEA Saclay, L’Orme des Merisiers, bat. 709, 91191
Gif sur Yvette Cedex, France; [2] HEPL, Stanford University, Stanford, CA
94305-4085, USA

Email: sandrine.lefebvre@cea.fr

Abstract: We report on the changes of the Sun’s subsurface stratification
inferred from helioseismic data. We have used SOHO/MDI f-mode frequencies
and their temporal variation for the last 9 years to compute the variation of the
subsurface layers of the Sun by applying helioseismic inversions. We have found
a variability of the “helioseismic” radius in antiphase with the solar activity, with
the strongest variations of the stratification being just below the surface around
0.995 Rs. On the contrary, the deeper layers of the Sun, between 0.975 Rs and
0.99 Rs seem to change in phase with the 11-year cycle. These results imply
a non-homogeneous variation of the subsurface layers with depth and time.
Then, we will discuss the physical processes which mainly act in this region as
partial ionisation of the light elements, opacities, superadiabaticity and estimate
the corresponding variation of pressure and temperature to deduce luminosity
variations. We will associate also the possible varying magnetic pressure and
rotation profiles extracted from global helioseismic observations. We shall finally
conclude on how we may progress on this transition region between solar interior
and external part with global seismology, in parallel to local seismology. (Ref :
Lefebvre & Kosovichev, ApJ, 2005, 633, L149)
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Structure and flows under active regions

Junwei Zhao

Hansen Experimental Physics Laboratory, Stanford University, Stanford, CA94305-
4085

Email: junwei@quake.stanford.edu

Abstract: The subsurface structures and flow fields were derived by in-
verting time-distance helioseismology measurements based on ray approxima-
tions. Recent application of Born-approximation kernels into time-distance in-
versions reveals similar structures and flow fields, but with better details and
into deeper interior. Additionally, how the masking effect, the inclined mag-
netic field and the showerglass effect change time-distance results is assessed.
Some recent efforts of disentangling subsurface magnetic field from sound speed
variations will also be presented.
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Twists and turns of subsurface flows

R. Komm, R. Howe, F. Hill

National Solar Observatory

Email: rkomm@nso.edu

Abstract: Locations with different magnetic activity have different types
of subsurface flows associated with them. For example, locations of intermedi-
ate activity show on average downflows combined with cyclonic vorticity, while
quiet regions are characterized by weak upflows and small anticyclonic vorticity.
We derive several fluid-dynamics descriptors, such as divergence and vorticity,
to characterize subsurface flows associated with different levels of magnetic ac-
tivity. We measure the horizontal flow components with the ring-diagram tech-
nique analyzing Doppler images from the Global Oscillation Network Group
(GONG) and the Michelson Doppler Imager (MDI) instrument on board the
Solar and Heliospheric Observatory (SOHO). The large data sets available from
both projects allow us to address a variety of questions from detailed studies of
individual active regions to statistical surveys of data spanning a large fraction
of the solar cycle. We will discuss some of the latest results.

13



O13

Subsurface convective flows within magnetic active regions measured
through ring analysis

Bradley W. Hindman, Deborah A. Haber, Juri Toomre

JILA, University of Colorado

Email: hindman@solarz.colorado.edu

Abstract: Through the recent development of high-resolution ring analy-
sis (HRRA), we are now able to measure frequencies and frequency splittings for
f modes and low-order p modes within regions on the solar surface as small as
20 Mm. We are now actively applying this novel technique to the measurement
of flows within solar active regions. In this talk I will present preliminary mea-
surements of the convective flow patterns that we observe within active regions
and the correlation of these flows with the distribution of magnetic flux.
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Project update: SOHO

B. Fleck

European Space Agency, Research and Scientific Support Department, NASA
Goddard Space Flight Center, Greenbelt, MD 20771, USA

Email: bfleck@esa.nascom.nasa.gov

Abstract:
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One solar cycle with GONG – Status and Prospects

Frank Hill and the GONG Team

National Solar Observatory

Email: fhill@noao.edu

Abstract: The GONG program will complete its first solar cycle of op-
erations in October 2006. In this talk I will review the status of the program,
including the recent upgrade of the polarization modulation system, new devel-
opments in data processing, and plans for the future.
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The Helioseismic and Magnetic Imager

Jesper Schou[1] and the HMI Team

[1]Stanford University

Email: jschou@solar.stanford.edu

Abstract: The Helioseismic and Magnetic Imager (HMI) instrument is
scheduled to be launched in August 2008 as part of the Solar Dynamics Obser-
vatory. In this talk I will start with a brief overview of HMI followed by a more
detailed discussion of the capabilities HMI will have in terms of making helio-
seismic observations. Finally I will describe the current status of the instrument
and how we are planning to transition from MDI to HMI.
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HELAS - European Helio- and Asteroseismology Network

O. von der Lühe[1], M. Roth [1,6], Pere Pallé [2], M. Thompson [3], J. Christensen-
Dalsgaard [4], M. Monteiro [5], L. Gizon [6], M. P. Di Mauro [7], C. Aerts [8],
J. Daszynska-Daszkiewicz [9]& T. Corbard [10]

[1] Kiepenheuer-Institut für Sonnenphysik, GERMANY; [2] Instituto de As-
trofısica de Canarias, SPAIN; [3] University of Sheffield, UNITED KINGDOM;
[4]University of Aarhus, DENMARK; [5]Centro de Investigacao em Astronomia
e Astrofiscia da Universidade do Porto, PORTUGAL; [6] Max-Planck-Institut
für Sonnensystemforschung, GERMANY; [7]Istituto Nazionale di Astrofisica,
ITALY; [8] Katholieke Universiteit Leuven, BELGIUM; [9] Uniwersytet Wro-
clawski Instytut Astronomiczny, POLAND; [10] Centre National de la Recherche
Scientifique, FRANCE

Email: ovdluhe@kis.uni-freiburg.de

Abstract: The Helio- and Asteroseismology Network (HELAS) is a Co-
ordinated Action funded by the FP6-Infrastructure-Programme of the Euro-
pean Commission. Currently, HELAS consists of the following ten members: -
Kiepenheuer-Institut für Sonnenphysik, Germany (Co-ordinator of the network)
- Instituto de Astrofısica de Canarias, Spain - University of Sheffield, United
Kingdom - Institut for Fysik og Astronomi, Denmark - Centro de Astrofsica,
Portugal - Max-Planck Institut für Sonnensystemforschung, Germany - Istituto
Nazionale di Astrofisica, Italy - Instituut voor Sterrenkunde KULeuven, Bel-
gium - Instytut Astronomiczny Uniwersytet Wroclaswki, Poland - Observatoire
de Côte d’Azur, France, The objective of HELAS is to co-ordinate European
activities in helio- and asteroseismology. HELAS will transfer knowledge and
data analysis techniques, and will prepare the European research community for
important missions in the immediate future, e.g. the NASA space mission Solar
Dynamics Observatory (SDO), the CNES missions COROT (Convection, Rota-
tion & planetary Transits) and PICARD, and the ESA mission Solar Orbiter.
Moreover HELAS will embed many of the activities of the European Network of
Excellence in Asteroseismology (ENEAS), and will help organizing coordinated
asteroseismic observations. HELAS will combine the core competences of the
individual research groups through its six network activities in order to - ensure
European competence and competiviness in this research area by spreading ex-
pertise, - enhance the synergy between helio- and asteroseismology, - improve
the public understanding and interest in solar and stellar physics. These ob-
jectives shall be achieved by organizing workshops of smaller group within the
individual network activities, by organising annual conferences for the interna-
tional audience, and by providing a common platform for the exchange of data
and software among the participants.
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Consequences of Large-Scale Flows Around Active Regions on the
Dispersal of Magnetic Field Across the Solar Surface

M. L. DeRosa, C. J. Schrijver, N. E. Hurlburt

Lockheed Martin Solar and Astrophysics Laboratory

Email: derosa@lmsal.com

Abstract: Helioseismic analyses of near-surface modes recently revealed
horizontal flows near the solar surface towards regions with enhanced magnetic
activity. The magnitude of these flows appears to increase with the magnetic flux
contained within them. Such flows help to confine magnetic flux to the activity
belt and perhaps even to the active regions within which the field emerges, and
will likely slow the random-walk dispersal of the field. We report on experiments
with a surface flux dispersal model to study the consequences of such inflows
towards strong-flux regions. We constrain the flow magnitude by comparing
results of a flux assimilation model to solar observations over six-month intervals
throughout the last solar cycle. The best-fit model is then used to quantify the
effects of these flows on the Sun’s global dipole and quadrupole fields on time
scales of multiple centuries.
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Effect of the Subsurface Shear Layer on Solar Supergranulation

Cristina A. Green[1], Alexander G. Kosovichev[2]

[1]SCCM Program, Stanford University; [2]HEPL, Stanford University

Email: green@sccm.stanford.edu

Abstract: Supergranular convective cells on the Sun rotate faster than
surface plasma or any other feature. Recent time-distance helioseismology re-
sults suggest that supergranulation also has properties of travelling waves. We
suggest that these properties may be due to the steep gradient of the subsurface
shear layer. We use a linear model to calculate phase speeds of the unstable
convective modes. These phase speeds are greater than the speed of the surface
plasma; however, they are significantly lower than the observed speed of the
supergranular pattern. This suggests that the subsurface shear layer is a plau-
sible explanation for the wave-like behaviour. We begin to model the non-linear
effects, that may be the source of the higher observed speeds.
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Determination of sunspot structure from the p-modes observations

Mykola Gordovskyy, Rekha Jain, Michael J. Thompson

Dept. of Applied Mathematics, University of Sheffield, Sheffield, S3 7RH

Email: m.gordovskyy@sheffield.ac.uk

Abstract: Early theoretical works show that scattering of p-modes by
sunspots strongly depends on their subsurface structure. This gives an oppor-
tunity to deduce structure of sunspots using observed parameters of p-modes.
We study the scattering of p-mode waves by sunspots with different radii, sur-
face magnetic field strengths and magnetic field convergence rates. We discuss
the implications of the theoretical results on the observations.
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Mode conversion and active region acoustics

Ashley D. Crouch[1], Hannah Schunker[2], Paul S. Cally[2]

[1] Canadian Space Agency; [2] Monash University

Email: ash@astro.umontreal.ca

Abstract: Sunspots absorb energy from and shift the phase of f- and p-
modes incident upon them. Understanding the mechanism causing each of these
effects is vital to the local helioseismology of active regions. Because the beta-
equals-unity layer typically lies in the near surface layers below the photospheres
of sunspot umbrae, MHD mode conversion can occur. Mode conversion provides
a promising absorption mechanism because the slow magnetoacoustic-gravity
waves and Alfvén waves guide energy along the magnetic field away from the
acoustic cavity. Our previous mode conversion calculations have shown that
simple sunspot models with non-vertical magnetic fields can produce ample
absorption to explain the Hankel analysis measurements, along with phase shift
predictions that agree well with the observations. In this contribution we will
discuss new results from models that extend from the solar interior into the
atmosphere. In particular, we will examine the effect of the magnetic field
inclination on the surface vector velocity and discuss the consequences for the
local helioseismology of active regions.
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Seismic Emission from Solar Flares

Alina Donea

School of Mathematics, Monash University

Email: alina.donea@sci.monash.edu.au

Abstract: Seismically active flares are the most interesting solar flares
for helioseismologists. I will present properties of the recently detected seismic
emissions which contribute towards understanding the amazing physics of solar
quakes. Seismic emission from flares offers major new insight both into flare
physics and helioseismology, ranging from a greatly improved understanding of
basic flare MHD to an understanding of how seismic emission is generated in
magnetic subphotospheres.
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Sunquake sources and wave propagation

A. G. Kosovichev

Stanford University

Email: sasha@quake.stanford.edu

Abstract: Solar flares generate sunquakes observed as ripples on the solar
surface. This helioseismic response to solar flares is caused by energetic particles
penetrating into the lower atmosphere. The sunquake sources are observed
directly in the MDI Dopplergrams as localized high-velocity impulses. The
seismic sources are typically located in flare ribbons and correlate very well
with sources of hard X-ray emission produced by high-energy electrons and
observed from RHESSI. Detailed analysis of SOHO/MDI data showed that the
structure of sunquake sources can be quite complicated in space and time. The
analysis of several sunquake events in 2003-5 revealed new important features
such as the strong anisotropy and ellipticity of the seismic wave fronts, and
it also showed much smaller than expected distortion of the fronts when the
waves propagate through sunspots. The helioseismic waves tend to have the
greatest amplitude in the direction of expansion of the flare ribbons. This
phenomenon is somewhat similar to the fault rupture effect in earthquakes, and
can be explained by theoretical calculations of sunquake waves. In some cases,
the wave anisotropy can be also caused by subsurface structures and organized
flows. Investigation of sunquakes provides new insight into the physics of solar
flares and new means for local helioseismic diagnostics.
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Magnetic Seismology of the Lower Solar Atmosphere

R. Erdélyi

SPARG, Dept. of Applied Mathematics, University of Sheffield

Email: robertus@sheffield.ac.uk

Abstract: The dynamic interaction between solar photospheric motions
and the magnetic structures in the lower solar atmosphere is a rather chal-
lenging problem. Coherent motions, e.g. acoustic or p-modes have important
implications for the local dynamics of the solar atmosphere ranging from the low
chromosphere deeply even into the corona. Coherent atmospheric fields, how-
ever, may interact with global oscillations, altering their properties measured at
photospheric levels. Combined ground-based and satellite high spatial and time
resolution observations (SOHO, TRACE, SVT in La Palma) supplemented with
MHD modelling demonstrated the p-mode leakage into the chromosphere, tran-
sition region and low corona causing, among others, spicule formation, moss
and loop oscillations. In my talk I review the latest results on how photo-
spheric motions interact with the magnetic structures and waveguides of the
transitional layer between the photosphere and the corona. A comprehensive
study of this transitional layer, also called solar atmospheric boundary layer,
allows us to perform lower atmospheric magneto-seismology. Theoretical and
observational efforts on the coupling mechanism(s) of both coherent and ran-
dom motions and magnetic fields to the low atmosphere are discussed. Key
issues will be addressed, including what dynamic impact the photosphere has
on the overlying magnetic atmosphere; what is the role of magnetic wave guides
in the photosphere - chromosphere - transition region dynamics; what are the
possible scenarios and physical details of the boundary layer coupling mecha-
nism(s); how p/f-modes resonantly interact to lower atmospheric MHD slow and
Alfvén waves; are the global oscillations influenced by the solar magnetic carpet;
how the coupling could be used for atmospheric diagnostics, lower atmospheric
magnetic seismology and connectivity studies.
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Low-frequency magneto-acoustic waves in the solar chromosphere

Stuart M. Jefferies [1], Scott W. McIntosh [2], James. D. Armstrong [1], Alessan-
dro Cacciani [3], Thomas J. Bogdan [4] and Bernhard Fleck [5]

[1] Institute for Astronomy, University of Hawaii, 4761 Lower Kula Road, Kula,
HI 96790 USA; [2] Department of Space Studies, Southwest Research Insti-
tute, 1050 Walnut Street, Boulder, CO 80302 USA; [3] Dipartimento di Fisica,
Universita degli Studi di Roma ‘La Sapienza’, Piazzale Aldo Moro 2, 00185
Rome, Italy; [4] High Altitude Observatory, National Center for Atmospheric
Research, Boulder CO 80307 USA; [5] European Space Agency, Research and
Scientific Support Department, NASA Goddard Space Flight Center, Greenbelt,
MD 20771, USA

Email: stuartj@ifa.hawaii.edu

Abstract: We demonstrate that low-frequency (< 5 mHz) propagating
magneto-acoustic waves provide a larger source of energy for balancing the ra-
diative losses of the solar chromosphere than their high-frequency (> 5 mHz)
counterparts. The low-frequency waves, which are normally evanescent in the
solar atmosphere, are able to propagate through ‘acoustic portals’ that exist
in areas of strong, significantly inclined (> 30◦ with respect to the vertical),
magnetic field. Such conditions are found both in active regions and at the
boundaries of supergranules. The latter implies that acoustic portals are om-
nipresent over the solar surface and throughout the magnetic activity cycle, an
essential prerequisite for any baseline heating mechanism.
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Does the Sun have a sub-solar metallicity?

Nicolas Grevesse

Université de Liège, Belgium

Email: Nicolas.Grevesse@ulg.ac.be

Abstract: The inferred solar photospheric elemental abundances depend
on the models used for the solar atmospheric structure and the line formation
process as well as on the quality of the input atomic and molecular line data.
In this review I describe our work aimed at improving all of these ingredients,
including developing a realistic time-dependent 3D hydrodynamical model of
the upper layers of the solar convection zone and atmosphere and taking into
account departures from LTE in the line formation when necessary. The result-
ing C, N and O abundances are almost a factor of two lower than previously
thought. For the first time there is excellent agreement between all the differ-
ent atomic and molecular abundance indicators, in sharp contrast to the case
with any 1D model atmosphere. I will describe some of the many observational
tests we have carried out that supports the realism of our models and thus the
low solar abundances. While the new solar chemical composition is in much
better agreement with solar neighborhood measurements of hot stars and the
interstellar medium, it does wreak havoc with the excellent agreement between
standard solar models based on the old composition and helioseismology. I will
briefly outline some of the proposed solutions to this problem.
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Reconciling the revised solar abundances with helioseismic constraints

J. A. Guzik

Applied Physics Divison, Los Alamos National Laboratory

Email: joy@lanl.gov

Abstract: In 2003-04, the solar photospheric abundances were revised
downward after reanalysis of the solar spectrum using improved atomic physics
and three-dimensional dynamical model atmospheres (Asplund et al.; Lodders).
The revised photospheric Z/X is now 0.0165± 0.0017 (Z ∼ 0.0122) compared
to the previous determination of Grevesse & Sauval of 0.0230 ± 0.0023 (Z ∼

0.018). Adopting these new abundances results in solar models that have sound
speed discrepancies of about 1.4%, as well as too-shallow convection zone, and
too-low convection zone helium abundance as inferred from helioseismic data.
Initial attempts to restore agreement considered enhanced diffusive settling,
increased opacities below the convection zone, or adopting a larger solar neon
abundance, but none of these resolutions are entirely satisfactory. In this talk
I will review the work published to date, and discuss additional attempts to
restore agreement, such as my own attempt considering lower-Z material at the
sun’s surface early in its lifetime, and including the hydrodynamic effects of
gravity waves on the convection zone base as discussed by Arnett, Meakin, and
Young.
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Non-kinematic flux-transport dynamos and torsional oscillations

Matthias Rempel

HAO/NCAR, Boulder Colorado, USA

Email: rempel@hao.ucar.edu

Abstract: We present non-kinematic flux-transport dynamo model for the
sun that combines a meanfield model for differential rotation and meridional flow
with the meanfield induction equation. The induced magnetic field is allowed to
feed back on differential rotation and meridional flow through the macroscopic
Lorentz force, leading to solar cycle variations of zonal and meridional flows.
We show that the dynamo saturates through this feedback at a field strength of
around 10-20 kG and that the equatorward transport of field by the meridional
flow at base of the convection zone (essential for flux-transport dynamos) is
not significantly reduced. The non-linear dynamo is capable of explaining the
high latitude branch of torsional oscillations (with correct amplitude and phase
relation with respect to the magnetic butterfly diagram), but cannot explain the
low latitude branch through macroscopic Lorentz-force feedback. We present a
compound model that includes a parameterization of enhanced radiative losses
in the active region belt (following the idea of Spruit 2003, SolPhys 213,1) and
show that this can provide the correct oscillation pattern in low latitudes close
to the surface. Thermally driven inflows into the active region belt produced
by this model are also consistent with observations.

29



O29

Solar evolution model with diffusion and new equation of state

S. V. Ayukov, V. A. Baturin, A. B. Gorshkov

Sternberg Astronomical Institute, Moscow State University

Email: asv@sai.msu.ru

Abstract: Solar evolution model which includes baro-, thermo- and concentration-
diffusion terms is presented. The barodiffusion is a dominating process which
leads to settling of heavy elements to the core of the star. The effect of these
terms on the chemical composition profile is studied in detail. Main atten-
tion has been paid to layers around the lower boundary of the convection zone
whose structure is altered by diffusion processes. Gradient of chemical com-
position leads to discontinuity in the Brunt-Vaisala frequency and change the
acoustic properties of these layers. The models were computed using two newest
equations of state (OPAL 2005 and SAHA-S); acoustic properties of the models
are discussed and preliminary conclusion about precision of equation of state in
the adiabatic part of the convection zone is given.
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Molecular-dynamics simulations of hot dense Coulomb systems

Katie Mussack, Dan Mao, Werner Däppen

University of Southern California

Email: katiemussack@yahoo.com

Abstract: In the deep solar and stellar interior, matter is mostly fully
ionized. The Coulomb potentials are screened, resulting in effectively short-
range interactions. This screening affects the nuclear reactions, because tun-
neling through a screened Coulomb barrier happens more easily than without
screening. In a seminal paper, Salpeter (1954) discussed this enhancement. He
based his study on the approximation of a static screening potential. There is
the legitimate concern that dynamic effects could alter the result. Since 1996,
Shaviv and Shaviv have been examining this question by numerical molecular-
dynamics simulations. The calculation is essentially classical, although electrons
are treated with effective potentials that mimic some quantum corrections. Sha-
viv and Shaviv have reported dynamical effects at the high end of the Maxwell
distribution (where the nuclear reactions effectively take place). Given the im-
portance of these effects for solar and stellar modeling, we have recently begun
to develop our own molecular-dynamics tools to verify the results by Shaviv and
Shaviv in an independent calculation. Although our analysis is still in progress,
we can already show first results.

31



O31

Helioseismology with low-degree observations: where we stand, and
what the future holds

W. J. Chaplin

School of Physics & Astronomy, University of Birmingham, UK

Email: wjc@bison.ph.bham.ac.uk

Abstract: In this talk, I will give a review of the current state of play
of low-degree helioseismology, and demonstrate how the excellent quality of the
data is opening up exciting opportunities for new investigation. This is at the
same time raising fresh questions and problems for the field to confront, issues
I will also seek to address.
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The internal structure of the Sun inferred from g modes and low-
frequency p modes

Thierry Appourchaux and the Phoebus group

Institut d’Astrophysique Spatiale, France

Email: Thierry.Appourchaux@ias.u-psud.fr

Abstract: Over the past decade, there has been several attempts at de-
tecting g modes. None of these attempts provided indvidual frequencies which
are keys for inferring the internal structure of the Sun. For doing so, we have
used three different detection techniques: - asymptotic detection of g modes -
collapsogram (rotation averaged spectra) - coincidence search in several data
sets The first technique provides a global measure of the internal structure of
the Sun, while the latters provides individual frequencies. The collapsogramme
technique supported by coincidence constraints has been essentially used for
detecting mixed modes in the range of 200 to 400 microHz. We will report on
the results of inversions performed using the additional modes detected below
1000 microHz.
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Detection of asymptotic solar l=1 g-modes in GOLF data and conse-
quences to our knowledge of the solar core

R. A. Garćıa[1,2], S. Turck-Chièze[1,2], S. J. Jiménez[3], J. Ballot[2,4], P. L.
Palle[3], A. Eff-Darwich[5], S. Mathur[1,2], J. Provost[6]

[1] DAPNIA/DSM/Service d’Astrophysique, CE Saclay, 91191 Gif-sur-Yvette
Cedex, France; [2] Unite mixte de recherche CEA - CNRS - Universite Paris
VII – UMR no 7158, CEA/Saclay, 91191 Gif-sur-Yvette Cedex, France; [3]
Instituto de Astrofisica de Canarias, 38205, La Laguna, Tenerife, Spain; [4]
Max-Planck-Institut für Astrophysik, Karl-Schwarzschild-Str. 1, Postfach 1317,
85741 Garching, Germany; [5] Departamento de Edafologia y Geologia, Univer-
sidad de La Laguna, Tenerife, Spain; [6] Departement Cassiopee, UMR CNRS
6202, Observatoire de la Cote d’Azur, BP 4229, 06304 Nice Cedex 4, France

Email: rgarcia@cea.fr

Abstract: Solar acoustics (p) modes have provided detailed stratification
of dynamical properties (density and sound speed) above the radiative zone (0.7
solar radius). At deeper layers and down to the core, large uncertainties still
exist due to their lack of sensitivity. On the contrary, solar gravity (g) modes
exclusively provide information from the core to the base of the convection zone,
so they are required to obtain a complete picture of the interior of our Sun. Un-
fortunately, solar g modes have not yet been clearly detected although extensive
and intensive searches have been developed along past decades. Here we show
robust indications of their presence and existence using 10 years of GOLF data.
The present analysis is based on the exploitation of the collective properties of
the low-frequency (25 to 140 muHz) g-modes: their asymptotic nature, which
implies a quasi equidistant separation of their periods for a given angular de-
gree (l). The Fourier transform of the Power Density Spectrum (PDS), reveals
a significant structure which is indicative of the presence of features (peaks) in
the PDS with near equidistant periods corresponding to l=1 modes in the range
n=-4 to n=-26. The statistical significance of this feature was fully undertaken
and complemented with Monte Carlo simulations. This structure has more than
6.5 sigmas (of a χ2 with 2 d.o.f) corresponding to a confidence level better than
99.5%. A detailed study of this structure induce a more complex structure of
the gravity modes than initially expected (line-widths, magnetic splittings...).
Comparing with the latest solar models, our results tend to favor a core rotating
significantly faster than the rest of the radiative zone. In the framwork of the
Phoebus group, we also apply the same methodology to other helioseismology
instruments onboard SoHO and ground based networks.
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The DynaMICS project

S. Turck-Chièze [1], T. Appourchaux [2], J. Ballot [1,3], P. Boumier [2], A. S.
Brun [1], T. Corbard [4], R. A. Garćıa [1], S. Jiménez-Reyes [5], L. Jouve [1], S.
Lefebvre [1], S. Mathis [1,6,7], S. Mathur [1], N. Meunier [8], P. Nghiem [1], P.
Palle [5], J. Provost [4], M. Rieutord [8], J. P. Rozelot [4], G. Thuillier [9], J. P.
Zahn [7] and the international team

[1] SAP/DAPNIA, CEA, France; [2]IAS, France; [3]MPI, Germany; [4]Ob-
servatoire Cote d’Azur, Nice, France; [5]IAC, Spain; [6]Observatoire de Gen-
eve, Suisse; [7] LUTH France; [8] Observatoire Tarbes, FRANCE; [9] Service
d’Aeronomie, France

Email: cturck@cea.fr

Abstract: A new project dedicated to the 3D magnetic vision of the Sun
has been presented in 2005 in the framework of Cosmic Vision (Turck-Chièze et
al. ESA SP-588,193 (2005). This project was pushed by 18 laboratories from
Europe and United States. Its main scientific objectives were (1) a real un-
derstanding of the whole solar internal magnetism at the origin of the external
cyclic magnetic fields, and also (2) the understanding of its global emergence
up to the chromosphere. Today we propose a more complete project to ESA for
the next decade in continuity of GOLF/SoHO, VIRGO/SoHO and PICARD
for a long and continuous observation, about 10 years, around the L1 point.
The DynaMICS project (Dynamics and Magnetism from the Inner Core of the
Sun) must include at least three kinds of instruments: (1) a velocity resonant
spectrometer to detect gravity modes and improve our knowledge of the so-
lar core to layers between photosphere and chromosphere, the corresponding
GOLFNG prototype is in construction, (2) radiometers for irradiance variabil-
ities and (3) intensity local seismic measurements with a copy of the SODISM
instrument (used in PICARD mission) which also follows the time variability of
the solar radius and its deformation. These coupling instruments will measure
the internal dynamics of the Sun from the core to the chromosphere and add
new strong constraints on internal magnetic field in total complementarity with
SDO. SDO and DynaMICS will allow the understanding of the magnetic field
in the different regions of the Sun, and its emergence, measuring in parallel the
different variabilities of irradiance and radius. Adding such mission to the ILWS
program will give access to all the magnetic sources of the different solar cycles
and predict them for the next century. This is an important information for the
estimate of the real influence of the Sun on the earth climate.
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Observations of stellar oscillations

Tim Bedding

Univ. of Sydney

Email: bedding@Physics.usyd.edu.au

Abstract: There has been tremendous progress in observing oscillations
in solar-type stars. In a few short years we have moved from ambiguous detec-
tions to firm measurements. I will review the recent results, most of which have
come from high-precision Doppler measurements. The best data have be ob-
tained from two-site campaigns, although single-site observations are also being
carried out. meanwhile, photometry from space gives a much better observ-
ing window than is usually achieved from the ground but the signal-to-noise is
poorer. The WIRE and MOST missions have reported oscillations in several
stars, although not without controversy, and we look forward to the upcoming
launch of COROT.
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Rigorous analysis of dipolar oscillations of stars

Masao Takata

Department of Astronomy, School of Science, University of Tokyo

Email: takata@astron.s.u-tokyo.ac.jp

Abstract: We analytically discuss the equations of adiabatic dipolar os-
cillations of stars without the Cowling approximation. Using the first integral
derived from the momentum conservation, and choosing the appropriate depen-
dent variables, we show that the equations are formulated as the second-order
equations, which are essentially the same in the form as those obtained in the
Cowling approximation. These equations tell us that the expressions for the crit-
ical frequencies, the Lamb frequency and the Brunt-Vaisala frequency, should
be modified. In addition, we obtain the exact scheme that classifies the dipolar
eigenmodes.
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Frequency, splitting, linewidth and amplitude estimates of low-l p
modes of alpha Cen A: analysis of WIRE photometry

S. T. Fletcher[1], W. J. Chaplin[1], Y. Elsworth[1], J. Schou[2], D. Buzasi[3]

[1]School of Physics and Astronomy, University of Birmingham, Edgbaston,
Birmingham, B15 2TT, UK; [2]Stanford University, HEPL Annex 201, Stan-
ford, CA 94305-4085, USA; [3]Department of Physics, US Air Force Academy,
Colorado Springs, CO 80840, USA

Email: stfletch@bison.ph.bham.ac.uk

Abstract: We present results of fitting the 50-day time series of photom-
etry of alpha Cen A taken by the WIRE satellite in 1999. Both power spectrum
and autocovariance function (ACF) fitting techniques were used in an attempt
to determine mode frequencies, rotational splittings, lifetimes and amplitudes
of low-l p-modes. In all, using both techniques, we managed to to fit 18 modes
(seven l = 0, eight l = 1 and three l = 2) with frequencies determined to within 1
- 2 micro-Hz. These estimates are shown to be about 0.8 + 0.3 micro-Hz lower,
on average, than the frequencies determined from two other more recent studies
(Bouchy & Carrier 2002; Bedding et al. 2004), which used data gathered about
19 months after the WIRE observations. This could be indicative of a activity
cycle effect, although there may well be other contributions. Over a range of
1700 to 2650 micro-Hz we were also able to use the ACF fitting to determine
an average lifetime of 3.9 +/- 1.4 days, and an average rotational splitting of
0.5 +/- 0.2 micro-Hz, which is the first ever reliable estimate of this parame-
ter. In contrast to the ACF, the power spectrum fitting was shown to return
significantly biased results for these parameters.
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Excitation and damping of solar-like oscillations

G. Houdek

Institute of Astronomy, University of Cambridge, Cambridge CB3 0HA, UK

Email: hg@ast.cam.ac.uk

Abstract: A review on acoustic mode damping and excitation in solar-
type stars is presented. Current models for linear damping rates are discussed
in the light of recent low-degree solar linewidth measurements with emphasis
on the frequency-dependence of damping rates of low-order modes. Recent
developments in stochastic excitation models are reviewed and tested against
the latest high-quality data of solar-like oscillations, such as from alpha Cen A,
and against results obtained from hydrodynamical simulations.
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Non-adiabatic effects in classical pulsators

M.-A. Dupret, A. Grigahcene

LESIA, Observatoire de Paris, France CRAAG, Algiers Observatory, Algeria

Email: MA.Dupret@obspm.fr

Abstract: It is known that adiabaticity can be reasonably assumed for
the determination of the frequencies. However, the oscillations are always com-
pletely non-adiabatic in the superficial layers of a star, where the thermal relax-
ation time is smaller than the pulsation periods. These non-adiabatic effects are
at the origin of the driving of the pulsation modes for classical pulsators: there
is the well known kappa-mechanism and others associated for example with the
flux blocking at the base of the convective envelope.A general review of these
mechanisms will be presented, with special stress on the information they give
us on the physics of stellar interiors. Another important field is the interpre-
tation of the amplitudes and phases at the photosphere. The amplitude ratios
and phase differences between different photometric passbands or between the
light and velocity curves can be determined with non-adiabatic linear compu-
tations. The comparison with observations allows the mode identification and
gives constraints on the description of the superficial layers of stars and thermal
aspects of their oscillations. These additional constraints are complementary
with those obtained by classical frequency fitting.

40



O40

Asteroseismology from the MOST space mission: one small satellite,
so many light curves

J. M. Matthews

Department of Physics & Astronomy, University of British Columbia, Vancou-
ver, Canada

Email: matthews@phas.ubc.ca

Abstract: After over three years in space, the Microvariability & Oscil-
lations of STars (MOST) satellite has obtained over 500 light curves of high
photometric precision, rapid time sampling, long time coverage and duty cycles
approaching 100%. Photometry of bright solar-type stars has reached detection
thresholds of a few ppm. MOST photometry has resulted in seismic models for
red giants such as epsilon Ophiuchi and HD 20884 (a p-mode discovery), the
beta Cephei star delta Ceti, SPB (Slowly Pulsating B) stars, and the magnetic
pulsating roAp stars HR 1217 (HD 24712), gamma Equ and 10 Aql. MOST has
discovered the new classes of SPBe and SPBsg pulsators, and revealed pulsa-
tional instability in late-type B stars, long thought to be stable. MOST has also
discovered the richest oscillation spectrum observed for any star other than the
Sun (about 90 frequencies), the delta Scuti star HD 209775, which we locate
on the HR Diagram based on excitation models and eigenfrequency spacings.
The sample of photometry of several hundred MOST guide stars is providing a
unique perspective on the occurance of pulsational variability as a function of
spectral type and luminosity class.
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Studying solar-like oscillations in red giants: MOST spacebased pho-
tometry of eps Ophiuchi

C. Barban [1] , J. M. Matthews [2], J. De Ridder [3], F. Baudin [4], R. Kuschnig
[2], A. Mazumdar [5], R. Samadi [1] and the MOST Science Team

[1] Observatoire de Paris, LESIA, Meudon, France; [2] Department of Physics &
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Universiteit Leuven, Instituut voor Sterrenkunde, Leuven, Belgium; [4] Insti-
tut d’Astrophysique Spatiale, Universit Paris XI, Orsay, France; [5] Astronomy
Department, Yale University, New Haven, USA

Email: Caroline.Barban@obspm.fr

Abstract: Oscillations similar to the p-modes observed with periods near
5 min in the Sun are expected to be excited in stars with an external convective
envelope. Red giants are excellent candidates to search for such solar-like os-
cillations, and red giant asteroseismology offers a unique opportunity to probe
the interiors of evolved stars. Detections of solar-like oscillations in red giants
have been reported in a few stars. Recently, spectroscopy from two groundbased
sites has revealed oscillations in eps Ophiuchi (De Ridder et al. 2006, A&A, 448,
689). Despite the bi-site data, daily aliases prevent a definite estimate of the
large separation of the eigenfrequency comb, but point to two possible values.
The large separation parameter is sensitive to the star’s mass, which is not very
well known for red giants. Motivated by the groundbased spectroscopic results
and the remaining ambiguity in the eigenfrequency pattern, eps Oph was se-
lected as a target for the MOST photometric space mission. It was monitored
for 28 consecutive days in 2005, with an interruption during each 101-min or-
bit of the satellite but no long or daily gaps. A series of peaks in the Fourier
spectrum of the photometry is detected, with amplitudes of about 80 - 100 ppm
and frequencies consistent with one of the possible large spacings from the de
Ridder et al. spectroscopic data. We present the MOST data and frequency
identifications, how they compare with the spectroscopic results, the implica-
tions for models of eps Oph, and the prospects for future MOST photometry of
red giants to search for solar-like oscillations.
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Modeling intermediate mass red giants

Olga Moreira, Arlette Noels

Institut d’Astrophysique et de Gophysique de l’Universit de Lige, Alle du 6 Aot
17, 4000 Lige, Belgium

Email: moreira@astro.ulg.ac.be

Abstract: Observations have shown that solar-like oscillations can be ex-
cited in red giant stars, namely, in xi Hydrae. Red giants are very different from
main sequence stars. For instance, they present a great density contrast between
the dense core and the extended envelope, they have a hydrogen-burning shell,
and they are brighter which implies they are expected to have greater ampli-
tudes. Hence, they have proven to be worthy of asteroseismic investigation and,
indeed, space missions as COROT have proposed to observe them. Therefore,
being able to model red giants is important. When modeling red giants, one
faces some extra difficulties which are not present or are not so prominent in
main sequence stars modeling. We point out some of the difficulties we have
found in our intermediate mass red giants models calculation. We conclude that
if one plans to observe red giants and study in terms of asterosesimology some
work will have to be done. Improvements in the treatment of the convection
and semi-convection are necessary, since the red giant phase phase becomes very
sensitive to it. A comparison between the available stellar evolution codes focus
on red giant modeling would also be important.
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Pulsations and potential for seismology of main-sequence B stars

Conny Aerts

Institute of Astronomy, Leuven University, Belgium; Departement of Astro-
physics, Radboud University Nijmegen, the Netherlands

Email: conny@ster.kuleuven.be

Abstract: Large observational efforts concentrating on asteroseismology
of massive main-sequence B stars, such as Beta Cephei stars, slowly pulsating
B stars and pulsating Be stars, have been undertaken the past few years. In
this talk, we give an overview of these efforts and discuss their impact in terms
of our current understanding of the internal physics of these different types of
B stars. We highlight problems in the theoretical interpretation of the observed
frequency spectra, for both the pressure and gravity modes that have been
detected. Finally, we mention some of the plans for future efforts to overcome
these problems.
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Asteroseismology of sdB stars: successes and challenges

Gilles Fontaine

Université de Montréal

Email: fontaine@astro.umontreal.ca

Abstract: We review the recent progress made on the front of pulsat-
ing hot subdwarf B (sdB) stars, two families of which being now recognized.
The first category was uncovered in 1997 and consists of short-period (100-200
s), low degree, low order p-mode pulsators commonly referred to as EC14026
stars. The second family, first reported in 2002 only, consists of long-period
(1-2 h), low degree, high order g-mode pulsators sometimes known as PG1716
stars. Both families occupy two distinct domains in the effective temperature
- surface gravity plane, the PG1716 stars being cooler and less compact, but
the two domains actually touch. Despite their relatively recent discovery, the
pulsating sdB stars (especially the EC14026 pulsators) have proved themselves
surprisingly well suited and amenable to detailed asteroseismological analyses.
Detailed studies have so far been carried out on a handful of EC14026 stars and
have led to the successful determinations of the fundamental structural param-
eters of these stars through asteroseismological techniques. We discuss these
results as well as current challenges and problems in the field. In particular, we
summarize the apparently more difficult situation that we face for exploiting
the pulsations of the long-period pulsators of the PG1716 type.
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Resolving the third dimension in roAp stars

D. W. Kurtz [1], V..G. Elkin [1], G. Mathys [2]

[1] Centre for Astrophysics, University of Central Lancashire, UK; [2] European
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Email: dwkurtz@uclan.ac.uk

Abstract: The roAp stars pulsate in high radial overtone modes with
vertical wavelengths that are short compared to optical depth 1. They also
show the most extreme effects of atomic diffusion of any stars. We are now
able to resolve pulsation radial velocity amplitude and phase as a function of
atmospheric height from continuum optical depth τ5000 = 1 up to τ5000 ∼ 10−5,
and possibly higher. These levels that are chromospheric in the sun are domi-
nated by strong (up to 24kG), global magnetic fields in the roAp stars. Hence
we are able to observe radial pulsation nodes, standing waves, running waves,
magneto-acoustic waves in more detail than for any star except the sun. These
new observations put independent constraints on abundance distributions in the
atmosphere, hence on atomic diffusion theory which is important in the sun, and
in pulsation driving in β Cep stars and subdwarf B star, as well as other stel-
lar astrophysical contexts. Results from our VLT high precision radial velocity
survey of the roAp class of stars will be shown.
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Project update: CoRoT
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Abstract:
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Project update: CoRoT

R. Samadi
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Abstract:
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Asteroseismology of planet-host stars in connection with planet searches

Sylvie Vauclair
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Email: sylvie.vauclair@ast.obs-mip.fr

Abstract: The internal structure of main sequence solar type stars strongly
depends on their internal metallicities. This effect is particularly important for
stars with masses around 1.1 Msun, which may or may not develop a convective
core according to their internal chemical composition. Stellar models with the
same external parameters (Teff, log g, L/ Lsun) may be quite different inside,
and such differences can be tested with asteroseismological techniques. This
is particularly important for planet-host stars: precise studies of their internal
structure from asteroseismology are of great help for a better understanding of
planetary systems and of their formation. I will discuss this subject using two
particular examples : HD 160691 (mu Ara) and HD17051 (iota Hor). I will
also show how looking for stellar p-modes may sometimes lead to new planets
discoveries!
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Rotational transport: a dynamical description of stellar radiation
zones

S. Mathis, J.-P. Zahn

Université de Genève, Observatoire de Paris, CEA/DSM/DAPNIA/SAp; Ob-
servatoire de Paris

Email: stephane.mathis@obspm.fr

Abstract: We briefly recall the physical background of the rotational
transport occurring inside stellar radiation zones and its importance for stellar
evolution. We describe its present modelling, its successes and its weaknesses.
Next, we introduce the new theoretical results which allow us to treat the hy-
drodynamical processes simultaneously in the bulk of radiation zones and in the
tachoclines. Then, we show how to introduce self-consistently the effect of a fos-
sil magnetic field, which may be responsible, with internal waves, for the angular
momentum transport in low-mass stars. Finally, we introduce the new develop-
ments that allow to treat in a coherent way the effect of the Coriolis force on
the low-frequencies internal waves and its consequences for the transport and
mixing processes. We present first results of numerical simulation of the hy-
drodynamical processes. This research is aimed at improving the modelling of
stellar interiors in the context of present and future helio and asteroseismology
missions such as SOHO, COROT and DYNAMICS.
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Internal gravity waves in the Sun
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Email: talon@astro.umontreal.ca

Abstract: In this talk, I will explain how internal gravity waves generated
at the base of the convection zone can lead to angular momentum extraction
from the deep radiative interior through the effect of differential filtering. Such
a physical process is indispensable to the understanding of the present day solar
rotation. I will present results of the evolution of the internal rotation profile,
and explain how such results are consistent with the surface evolution of lithium,
which is burned not too far below the top of the radiative zone.

51



O51

Dynamical physical processes in the solar radiative interior

A. Palacios[1], S. Talon[2], S. Turck-Chièze[1], C. Charbonnel[3,4], P. Eggen-
berger[3]
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de Physique, Universite de Montreal - Canada; [3] Observatoire de Geneve -
Switzerland; [4] LATT - Observatoire Midi-Pyrenees - France

Email: ana.palacios@cea.fr

Abstract: Recent seismic observations coming from acoustic (Couvidat
et al. 2003) and gravity modes (Turck-Chièze et al. 2004, Garćıa et al. 2006 and
related contributions in this meeting) show clearly that the Solar standard model
has reached its limits and can no longer be used to interpret satisfactorily seismic
observations. In this contribution, we take into account the role of rotation and
of internal waves on the transport of angular momentum along time. We use
the STAREVOL code, following the work of Charbonnel & Talon (2005), to
show the consequences of the introduction of such processes on the rotation
and sound speed profiles for the present solar model using recent abundance
determination. We also discuss first results on the influence of the magnetic
field via the Tayler-Spruit magneto-hydrodynamic instability.

52



O52

Numerical simulation of acoustic power distribution in sunspots

K. V. Parchevsky, A. G. Kosovichev
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Abstract: We make an attempt to explain the suppression of amplitude of
5-min. acoustic oscillations inside sunspot by modeling acoustic wavefields with
non-uniform distribution of acoustic sources. We developed a program for 3D
numerical simulation of propagation of acoustic waves in the upper convection
zone. We used a realistic non-reflecting boundary condition at the top bound-
ary. Nonreflecting boundary condition based on PML layer was established
above the temperature minimum. This layer absorbs all waves not reflected
by photosphere, simulating a realistic case when acoustic waves with frequency
higher than acoustic cut-off frequency pass to chromosphere. Acoustic sources
with random amplitudes, frequencies, and phases were distributed below the
photosphere. Sources were masked in a central circle, simulating suppression
of acoustic sources in sunspot umbra. Acoustic sources are supressed because
strong magnetic field inhibits convective motions (downdrafts) which are the
sources of the 5-min oscilaltions. Simulations were carried out for different radii
of the masked region and different source distributions. Large scale simulations
in rectangular box of size 120Mm x 120Mm x 50Mm showed that the amplitude
of acoustic oscillations is approximately 4 times lower in the region without
sources in comparison with the quiet Sun. This is in a good agreement with
observations. Hence, the observed reduced oscillation power in sunspots can be
explained almost entirely by the suppression of acoustic sources in sunspot areas
due to the strong magnetic field inhibiting convective motions. These results
challenge the theories of acoustic wave absorption in sunspots.
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Computational acoustics in spherical geometry: modeling and results
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[1] HEPL, Stanford University; [2] Laboratory for Solar and Space Physics,
NASA/Goddard Space Flight center

Email: shravan@stanford.edu

Abstract: We will describe our efforts to simulate wave propagation
within a spherical shell, which extends from 0.2R� to about 1.0004R� (where
R� is the radius of the sun) and which possesses a solar-like stratification. We
consider a model containing no flows or thermal perturbations that will serve
as a reference model. We will present the results from helioseismic diagnostics
that have been applied to simulation data. Obtaining reliable data of this kind
opens up whole avenues of assessing signal-to-noise of various flow and thermal
perturbations throughout the convection zone, including rising flux tubes, and
the meridional return flow. To this end, I shall also discuss the computational
model and techniques of validation.
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Artificial data for local helioseismology

Joe Werne [1], Aaron Birch [1], Keith Julien [2]

[1]NorthWest Research Associates, [2]University of Colorado at Boulder

Email: werne@cora.nwra.com

Abstract: The key to local helioseismology is the effective application of
local seismic diagnostic techniques to determine the flows in and the structure
of the solar interior with the finest possible spatial and temporal resolution.
The extent and magnitude of the supergranular return flow and the nature of
thermal anomalies, flows, and magnetic-field configurations in and near active
regions are phenomena on which we hope local helioseismic analyes will shed
clear light. In this paper we present progress we have made simulating local solar
seismic data using magneto-acoustic-gravity (MAG) wave propagation simula-
tions. Simulation results will be presented, along with details of code structure,
accuracy, and efficiency.
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Prospects for helio- and asteroseismology

J. Christensen-Dalsgaard

Department of Physics and Astronomy, University of Aarhus, Denmark

Email: jcd@phys.au.dk

Abstract: The conference will undoubtedly have demonstrated the great
progress made in recent years in heliseismology, not least in moving beyond the
spherical Sun, and in asteroseismology. The prospects for the coming years are,
if anything, even brighter. The data from the upgraded GONG network, and
even more from the Solar Dynamics Observatory, will provide detailed contin-
uous views of the three-dimensional and time-dependent solar internal proper-
ties, challenging the tools for data analysis and modelling. Reliable data on
high-degree modes should finally provide the possibility of probing in detail the
thermodynamics of the hydrogen and helium ionization zones, as well as other
near-surface aspects of stellar modelling which continue to affect helioseismic,
and in particular asteroseismic, investigations. Observations from space with
CoRoT and Kepler will provide extensive asteroseismic data on large numbers
of stars; as a complement, the ultimate accuracy for selected stars will require
a telescope network dedicated to radial-velocity observations, to reach also the
deeper tones, of great diagnostic potential, of the stellar SONG.
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Optimal phase-speed filters in time-distance helioseismology

Sebastien Couvidat[1], Aaron C. Birch[2]

[1] W.W. Hansen Experimental Physics Laboratory, Stanford University [2] Col-
orado Research Associates Division, NorthWest Research Associates, Inc.

Email: couvidat@stanford.edu

Abstract: Gaussian phase-speed filters are used in time-distance helio-
seismology to increase the signal-to-noise ratio of the temporal cross-covariances
that are fitted to derive travel times of solar oscillations. The central phase-
speeds of these filters are prescribed by a solar model but their widths are chosen
empirically. Here we show that there is actually an optimum value for the filter
width that results in a maximum signal-to-noise ratio for the travel-time maps.
This analysis is performed by simulating signal (forward problem with Born-
approximation sensitivity kernels, Birch et al. 2004) and noise (noise model by
Gizon & Birch 2004) travel-time maps.
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Sensitivity kernels for helioseismic travel times in spherical geometry

M. Roth [1], L. Gizon [1], A. C. Birch [2]

[1] Max-Planck-Institut für Sonnensystemforschung, Max-Planck-Str. 2, 37191
Katlenburg-Lindau, Germany; [2] Colorado Research Associates, North West
Research Associates Inc., Boulder, CO 80301, USA

Email: roth@mps.mpg.de

Abstract: We present calculations of three-dimensional Frechet kernels
in spherical geometry for use in time-distance helioseismology. These kernels
give the linear sensitivity of travel times to localised flow perturbations.
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Validity of the Born approximation in the presence of magnetic fields

L. Gizon[1], S. M. Hanasoge[2], A. C. Birch[3]

[1] Max-Planck-Institut für Sonnensystemforschung [2] HEPL, Stanford Univer-
sity [3] Colorado Research Associates, NorthWest Research Associates, Inc.

Email: shravan@stanford.edu

Abstract: With the aim of studying the effects of magnetic fields in time-
distance helioseismology, we test the validity of the first Born approximation
by comparing the scattering coefficients of plane acoustic waves with those ex-
tracted from the corresponding exact solution. We show that the travel-time
shifts obtained in the Born limit are everywhere accurate to first order in the
ratio of magnetic to gas pressures. The Born approximation is not valid in the
limit ofvanishingly smallflux tube radius for a fixed magnetic field. We also
demonstrate the effects of wave-front healing by investigating the variation of
travel-time shifts with distance from the flux tube. We will also report on the
progress in computing the scattering matrix in the thin flux tube limit for a
realistic near-surface polytrope.
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Tracking and remapping strategies for high-resolution ring analyses

D. A. Haber[1], B. Hindman[1], R. Bogart[2]

JILA, University of Colorado CSSA-HEPL, Stanford University

Email: dhaber@solarz.colorado.edu

Abstract: High-resolution ring analyses have been performed to date by
splintering large tracked regions into small subdomains. Here we test this proce-
dure of tracking and remapping large tiles and subsequently subdividing them,
by tracking and remapping each individual subdomain separately. We compare
flow measurements obtained with these two different tracking strategies.
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The status of GONG’s magnetogram processing pipeline

C. G. Toner, R. Clark

NSO/GONG

Email: toner@noao.edu

Abstract: The GONG Program is developing a magetogram processing
pipeline. It includes a zero-point correction and histogram equating. The goal
is to produce an internally consistent set of site magnetograms which can be
merged to produce high quality line-of-site magnetic field maps for other re-
searchers to use (for example: to produce magnetic field extrapolations).
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High-degree p modes as surface waves: the group velocity

S. V. Vorontsov

Astronomy Unit, Queen Mary, University of London, Mile End Road, London
E1 4NS, UK; Institute of Physics of the Earth, B.Gruzinskaya 10, Moscow
123810, Russia

Email: S.V.Vorontsov@qmul.ac.uk

Abstract: At high degree l, solar p modes can be considered as surface
waves; this approach can have advantages in helioseismic inversions. Integral
representation of the group velocity of surface waves is developed in terms of
adiabatic eigenfunctions, and influence of uncertainties in the uppermost solar
layers is briefly discussed.
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eSDO algorithms for local helioseismology: wave speed perturbation
and subsurface flow analysis

S. Zharkov, M. J. Thompson

University of Sheffield

Email: s.zharkov@shef.ac.uk

Abstract: We present provisional algorithm implementation, developed
as part of the UK eSDO project, for estimating Subsurface Flows and Sound
Speed perturbations from tracked Dopplergram data to be provided by He-
lioseismic and Magnetic Imager instrument. Starting with tracked and dero-
tated Doppler datacube. the algorithms include modules implementing filtering
(with optional low-pass and directional filters), computation of cross correla-
tion functions, travel time extraction by Gabor wavelet fitting and reference
cross-correlation function comparison (i.e. Gizon-Birch method) and inversion
by Multi-Channel Deconvolution. Pre-defined sensitivity kernels are used in the
inversion which can be chosen during run-time. The algorithms provide the
following output: travel time differences and means, sound speed perturbations
as function of depth and (horizontal) Subsurface Flows as function of depth and
cross-correlation functions (optional).
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On the latitude-longitude distribution of travel times derived from
GONG data

Sh. Kholikov, J. Leibacher

National Solar Observatory, Tucson AZ, USA

Email: kholikov@noao.edu

Abstract: We present some preliminary results of travel time measure-
ments of GONG data for 2001-2005. Our main interest is to see if there is any
longitude-latitude dependence in travel time changes during the activity cycle.
To isolate different wave packets propagating to different depths of the solar
interior we apply a phase-velocity filter to spherical harmonic coefficients and
reconstruct images in sin(latitude)-longitude coordinates. Separation distances
between pairs of points in the cross-correlation computations range from 2 to
10 degrees.
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The effect of systematic errors on mode parameters

T. P. Larson, J. Schou

Stanford University

Email: tplarson@quake.stanford.edu

Abstract: In spite of the unprecedented success of the MDI Medium-l
program, the analysis pipeline is known to contain errors. Physical effects such
as line assymmetry, horizontal displacement at the solar surface, and distortion
of eigenfunctions have been ignored, as well as a wide array of instrumental
effects. Perhaps unsurprisingly, some features of the results seem to be the
effect of systematic errors. The most notable of these features are an annual
variation in f-mode frequency changes, a bump in the normalized residuals of the
a-coefficients around 3.4mHz, and polar jets in the inversions. In this poster we
discuss the application of a variety of corrections to the analysis, the resulting
changes in the mode parameters, and the effect on the magnitude of systematic
errors.
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Correcting Dopplergrams of solar active regions: consequences for
local helioseismology

R. Wachter, S. P. Rajaguru, R. S. Bogart

HEPL, Stanford University, 455 Via Palou, Stanford, CA, 94305

Email: richard@quake.stanford.edu

Abstract: MDI High-res Dopplergrams in solar active regions are cor-
rected based on an algorithm which estimates the line broadening due to the
Zeeman effect. The broadening is estimated directly from the data. The cor-
rection accounts for the average magnetic field configuration of a sunspot. The
correction will have a substantial impact on acoustic power maps. We will
also investigate the influence of the corrections on travel time maps and ring
diagrams.
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Effects of horizontal magnetic fields on acoustic travel times

Rekha Jain

Department of Applied Mathematics, University of Sheffield, United Kingdom

Email: R.Jain@sheffield.ac.uk

Abstract: Local helioseismology techniques seek to probe the subsurface
magnetic fields and flows by observing the properties of p-modes at the solar
surface. The main feature of active regions such as sunspots is strong magnetic
field and time-distance helioseismology can provide useful diagnostic for probing
these structures. The effect of uniform horizontal magnetic field upon the travel
time of acoustic waves is investigated. A purely vertical velocity is considered in
a simple plane parallel adiabatically stratified polytrope. It is shown that such
fields can lower the upper turning point of p-modes and hence ifluence their
travel time. It is also found that these effects are frequency dependent.
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Dynamics study of solar oscillations and granulation with Themis
oscillations

R. Simoniello[1], S. Jiménez Reyes[1], B.Ruiz Cobo[1] and the GOLF-NG Team

Instituto de Astrofisica de Canarias

Email: rosy@iac.es

Abstract: The GOLF-NG instrument is devoted to the search for solar
gravity modes and low frequency p-modes. It is a 15 points resonant scattering
spectrometer working on the D1 sodium line. Hence we will have the chance to
observe solar oscillations as function of different heights in the atmsphere. The
aim of this project is to reach extremely small signals, hence the need to reduce
the impact of solar granulation in our measurements. Using Themis telescope,
we made simultaneous observations of the quiet and active Sun with different
helioseismological absorption lines: Fe, K, Na and Ni and by using the technique
Inversion of Stokes profiles (SIR), we study the dynamics of solar oscillations
and granulation.
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Inferring subsurface supergranular flow directly from helioseismic
correlation data

Martin Woodard

NorthWest Research Associates, Inc. / Colorado Research Associates Division

Email: mfw@cora.nwra.com

Abstract: Horizontally- and temporally-varying subsurface structures,
e.g., flows and magnetic complexes, induce correlation between distinct Fourier
components of photospheric wave motion. Woodard 2002, Astrophys. J. 565,
634 showed how raw correlation measurements can be used directly in an in-
version for subsurface supergranular- scale flow. For this inversion, which used
a SOHO/MDI high-resolution Doppler data cube covering an approximately
210 Mm x 210 Mm corotating field of view near the center of the solar disk,
a time- and depth-independent flow was assumed. The inversion of correla-
tion data is based on a physical model of randomly-driven solar oscillations in
a plane-parallel, but otherwise realistic, stellar envelope with weak perturbing
flows. The weakness of the perturbation implies a linear dependence of data on
subsurface flow velocity. The linear sensitivity calculations have recently been
extended to model the effect of depth- and time-dependent flow. I will describe
a recent, SOLA inversion based on the more general sensitivity calculations,
which shows supergranular flow to a depth of approximately 6 Mm beneath the
photosphere. The vertical resolution and noise properties of the inversion will
be presented.
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f-mode travel time kernels for velocity flows

Jason Jackiewicz[1], Laurent Gizon[2], Aaron Birch[3]

[1]Max Planck Institute for Solar System Research, Katlenburg-Lindau, Ger-
many; [2]Max Planck Institute for Solar System Research, Katlenburg-Lindau,
Germany; [3] Northwest Research Associates, Boulder, Colorado, USA

Email: jackiewicz@mps.mpg.de

Abstract: We present a full forward analysis using f-modes to determine
the near surface flows on the sun. A two-dimensional model is used that re-
produces the observed power spectrum of f-modes. It also takes into account
several systematic effects such as foreshortening and the projection of the ve-
locity vector onto the line of sight. The sensitivity kernels are computed in the
Born approximation, and examples of kernels are shown at different places on
the solar disk where the above effects are important. We also calculate theoret-
ical traveltimes from these kernels for a uniform flow in order to determine the
limits of applicability for inversions.
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Subsurface flows measured with big rings

R. Komm, I. González Hernández, R. Howe, F. Hill

National Solar Observatory

Email: komm@noao.edu

Abstract: We measure horizontal flows at depths greater than accessible
with the standard ring-diagram analysis. With the standard method, we are
able to measure horizontal flows from the surface to a depth of about 16 Mm.
By doubling the size of the dense-pack patches, we can roughly double the depth
range and measure flows from the surface to a depth of about 30 Mm. Previ-
ous big-ring studies have focused on large-scale motions, such as the meridional
flow. In the present work, we focus on subsurface flows associated with active
regions. For this purpose, we analyze Doppler images from the Global Oscilla-
tion Network Group (GONG) with the big-ring technique and derive synoptic
flow maps of several Carrington rotations. We will discuss some of the latest
results.
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Subsurface flows from numerical simulations compared with flows
from ring diagrams

S. Ustyugov[1], R. Komm[2], O. Burtseva[2], R. Howe[2], S. Kholikov[2]

[1] Keldysh Institute of Applied Mathematics, Moscow; [2] National Solar Ob-
servatory, Tucson

Email: komm@noao.edu

Abstract: Subsurface flows near the top of the solar convection zone
provide a point of contact between small-scale simulations and helioseismic ob-
servations. Here, we focus on subsurface flows measured with ring-diagram
analysis and results from numerical simulations of convection on supergranular
and smaller scales. The fully compressible simulations extend from the surface
to a depth of 18 Mm with a horizontal size of 30 Mm and consist of hydrody-
namic as well as magnetohydrodynamic cases. We measure subsurface flows by
analyzing Doppler images from the Global Oscillation Network Group (GONG).
While the temporal and horizontal spatial scales are very different between sim-
ulations and observations, we can compare the average behavior and we can
apply helioseismic techniques to the simulation results. First results are quite
encouraging. For example, the relation between divergence or vorticity with
magnetic flux is very similar in simulations and observations. We will discuss
the latest results.
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Comparison of subsurface flows obtained with acoustic holography
and ring analysis

R. Komm[1], D. Braun[2], A. Birch[2]

[1] NSO, Tucson, AZ; [2] CORA, Boulder, CO

Email: rkomm@nso.edu

Abstract: We compare synoptic maps of subsurface flows obtained with
acoustic holography and ring analysis. We measure the horizontal flows of
Carrington rotation 1988 by analyzing Doppler images from the Michelson
Doppler Imager (MDI) instrument onboard the Solar and Heliospheric Obser-
vatory (SOHO). For the comparison, we bin the holography maps to a spatial
resolution similar to the one of the ring analysis. We find that horizontal flows
derived from binned-holography maps are highly correlated with the ones from
ring-analysis maps and that the average zonal and meridional flows are very
similar. We will discuss the latest results.
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North-South asymmetry of zonal and meridional flows determined
from ring diagram analysis of GONG data

Amel Zaatri, Rudolf Komm, Irene González Hernández, Rachel Howe, Thierry
Corbard

[1] Centre de Recherche en Astronomie Astrophysique et Geophysique, B.P 63
Bouzareah, Algiers 16340, Algeria and Observatoire de la Cote dAzur, F-06304
Nice Cedex 4, France; [2][3][4] National Solar Observatory Observatory, 950 N.
Cherry Ave., Tucson AZ 85719, USA; 85719, USA [5]Observatoire de la Cote
dAzur, F-06304 Nice Cedex 4, France

Email: zaatri@obs-nice.fr

Abstract: We study the north-south asymmetry of zonal and meridional
components of horizontal solar subsurface flows during the years 20012004 which
covers the declining phase of solar cycle 23. We measure the horizontal flows
from the near surface layers to 16 Mm in depth by analyzing 44 consecutive
Carrington rotations of Global Oscillation Network Group (GONG) Doppler
images with a ring-diagram analysis technique. The meridional flow and the
errors of both flow components show an annual variation related to the B0 angle
variation, while the zonal flow is less affected by the B0 angle variation. After
correcting for this effect, the meridional flow is mainly poleward but it shows a
counter cell close to the surface at high latitudes in both hemispheres. During
the declining phase of the solar cycle, the meridional flow mainly increases with
time at latitudes poleward of about 20◦;, while it mainly decreases at more
equatorward latitudes. The temporal variation of the zonal flow is significantly
correlated between the hemispheres at latitudes less than about 20◦;. The zonal
flow is larger in the southern hemisphere compared to the northern one and
this north-south asymmetry increases with depth. Details of the north-south
asymmetry of zonal and meridional flow reflect the north-south asymmetry of
the magnetic flux. The north-south asymmetries of the flows show hints of a
variation with the solar cycle.
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Differences observed in the near-surface meridional flow using GONG
and MDI: what is the source?

D. A. Haber[1], B. W. Hindman[1], R. S. Bogart[2], J. Toomre[1]

[1] JILA / Univ. of Colorado; [2] CSSA-HEPL, Stanford University

Email: dhaber@solarz.colorado.edu

Abstract: Ring-diagram analyses of GONG and MDI data reveal signif-
icant disparities in the meridional flows obtained from the two data sets us-
ing two somewhat different analysis techniques. In particular, meridional flows
measured with MDI are always poleward at the surface at all latitudes; whereas
GONG data show meridional flows with equatorward flows above 45 degrees in
latitude within 1 Mm of the surface. We examine differences in the analysis
techniques, including image merging, tracking, remapping, mode selection, and
inversion procedures, in order to determine the source of these disparities.
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Helioseismic probing of giant-cell convection

Nicholas A. Featherstone[1], Deborah A. Haber[2], Bradley W. Hindman [3],
Juri Toomre[4]

[1]JILA/APS University of Colorado; [2]JILA University of Colorado; [3]JILA
University of Colorado; [4] JILA/APS University of Colorado

Email: feathern@solarz.colorado.edu

Abstract: The turbulent solar convection zone exhibits a range of scales
of convection which are visible at the solar surface, ranging from granules (∼1
Mm) to supergranules (∼30 Mm). Numerical simulations of solar convection
carried out in full spherical shells consistently reveal even larger scales of con-
vection, termed giant cells, which may span a few hundreds of Mm in the hori-
zontal and extend over much of the convection zone. Recent correlation tracking
of supergranular motions has revealed the tendency of supergranules to align
themselves in the north-south direction. This alignment is possibly due to or-
ganization by larger-scale giant cell motions and is generally weak, with the
strongest alignment occurring at the equator. Using f-mode time-distance and
specialized tracking techniques, we probe for the possible flow signals associated
with the presence of these giant cells near the solar equator.
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The structure of the average supergranule

T. L. Duvall Jr.[1], A. C. Birch[2], L. Gizon[3], J. Jackiewicz[3]

[1] NASA/Goddard Space Flight Center; [2] NorthWest Research Associates,
Colorado Research Associates Divison; [3] Max-Planck-Institut für Sonnensys-
temforschung

Email: tduvall@solar.stanford.edu

Abstract: To determine the subsurface structure of supergranulation with
helioseismology has proven to be a difficult problem. We have tried a new strat-
egy that hopefully will lead to increased understanding. This strategy consists of
measuring the travel times about the average supergranule and the subsequent
modeling to determine the structure. As we can use a large number of features
to create the average, the travel times can be determined to high accuracy. The
location of the supergranules is determined from local maxima of the divergence
signal, which is developed from the f mode. For each supergranule, the data is
reinterpolated onto a cylindrical grid centered on the feature. Correlations are
computed between pairs of points along radial lines and averaged in azimuth.
The correlations for hundreds of features are averaged before travel times are
estimated. By averaging the results from different time periods, thousands of
features are used. Comparison with forward models and also RLS inversions
will be used to estimate the subsurface supergranulation flows.
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Solar rotation and zonal flows from Mount Wilson 60 ft Tower data

R. Howe[1], R. Bogart[2], J. Christensen-Dalsgaard[3], R. M. Larsen[2], E. J.
Rhodes Jr.[4], P. Rose[4], J. Schou[2]

[1] National Solar Observatory, Tucson; [2] Stanford University; [3] Aarhus Uni-
versity; [4] USC

Email: rhowe@noao.edu

Abstract: Nine 108-day time series of data from the Mount Wilson 60ft
tower, sampling the period between 1988 and 2001, have been analyzed for
medium-degree p-mode frequencies and splittings, using the Stanford pipeline
developed for MDI structure program data. We present preliminary results from
global rotation inversions of the data, using MDI and GONG data for compar-
ison. The rotation profiles from the Mount Wilson data in most cases agree
quite well with the MDI and GONG results, at least at low latitudes, though
the characteristic mid-convection-zone signature of single-site observations is
evident, particularly in the data with very low duty cycle. The agreement is
good enough to allow the detection of the migrating zonal flow pattern known
as the torsional oscillation. The high-latitude subsurface ‘jet’ feature, seen in
the MDI data analyzed with the Stanford pipeline but not in GONG data, is
not seen in the Mount Wilson data.
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Meridional flow measurements with statistical waveform analysis

Urmila Mitra-Kraev[1], Michael J. Thompson[1], Martin F. Woodard[2]

[1]University of Sheffield, Dept. of Applied Mathematics, Hicks Building, Sheffield
S3 7RH, UK; [2] Colorado Research Associates Division, North West Research
Associates Inc., 3380 Mitchell Lane, Boulder CO 80301-5410, USA

Email: u.mitrakraev@sheffield.ac.uk

Abstract: We use statistical waveform analysis (also called the direct-
modelling approach) introduced by Woodard in 2002, analysing the cross power
spectra coefficients, to investigate the meridional flow, using SOHO/MDI data.
The meridional flow in the convection zone is a key ingredient of some solar
dynamo models. The flow is poleward in the surface layers and must by mass
conservation eventually turn equatorward. At what depth this occurs, and with
what return velocities, and whether the vertical structure is single- or multi-
celled, are important but challenging questions for helioseismology to address.
In the past, meridional flow has been studied with a variety of techniques, in-
cluding tracers on the surface, time-distance helioseismology, frequency shift
measurements, and ring diagram analysis. A newly available improved treat-
ment of statistical waveform analysis, which includes depth dependence of the
flow velocity, provides us with an ideal tool to tackle meridional flow observa-
tions from a different angle.
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Examining possible errors in the inversion results of active regions

Chia-Hsien Lin, Sarbani Basu, Linghuai Li

Astronomy Department, Yale University, U.S.

Email: chia-hsien.lin@yale.edu

Abstract: Helioseismic observations have demonstrated that the mode
frequencies of the oscillations in the active regions are higher than those in the
quiet regions. The frequency difference have been used to infer the structural
differences between active and quiet regions. The inversions are done under
the assumption that the entire frequency difference is due to changes in struc-
ture caused by magnetic fields. However, the magnetic fields can affect the
oscillations directly through the Lorentz force. Thus the inversions will have
systematic errors. In order to get a correct estimate of the structural differences
we need to quantify the errors that may be introduced. To assess the magnitude
of these errors, we perform inversions between models with and without mag-
netic fields. Our examinations will provide insight in interpreting the inversion
results.
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Acoustic power and magnetic field orientation in a large sunspot

Sanjay Gosain[1], P. Venkatakrishnan[1], K. Venugopalan[2]
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Mohanlal Sukhadia University, Udaipur 313001, INDIA

Email: pvk@prl.res.in

Abstract: A large sunspot in NOAA 10756 was observed on 29 April
2005 using a solar vector magnetograph at Udaipur Solar Observatory. By
combining co-temporal dopplergrams from SoHO-MDI and vector magnetic field
information from the USO vector magnetograph, we studied the distribution of
acoustic power as a function of magnetic field intensity as well as intrinsic field
strength. The study does show that for regions of similar field strength and
continuum intensity, the acoustic power is smaller for larger inclination. The
ratio of high frequency power (frequencies between 5.5 mHz to 7.5 mHz) to low
frequency power (frequencies < 5.2 mHz) is found to be well correlated with
magnetic field strength B, for B > 1500 G. The ratio remains constant for B <
1500 G.
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On the cookie cutter test for time-distance tomography of active re-
gions

Sylvain G. Korzennik

Harvard-Smithsonian Center for Astrophysics, Cambridge MA, USA

Email: skorzennik@cfa.harvard.edu

Abstract: Time-Distance holds the most promising potential for high res-
olution three dimensional tomography of active regions. Namely by analyzing
time anomalies resulting from acoustic waves propagating through and inter-
acting with an active region, we should obtain enough diagnostic information
to map the flows and sound speed anisotropies below the solar surface as such a
region develops. Initial inferences for time anomalies computed over and around
active regions have shown tantalizing results - but guarded scepticism ought to
be held as the formalism of the methodology is still in being developed and
the nature of the interactions in the magnetized region - especially near the
surface are poorly understood and thus not yet modeled. I present the results
of a conceptual y simple test to validate the putative fast sound speed plume
derived below the well studied active region of June 1998. The idea is to remove
from the input set used in the inversion some of the time anomalies computed
using observations taken at the surface inside the active regions, measurements
that might have been affected by interactions not modeled in the kernels used
in the inversion. To validate this test, I first computed a simulated data set
based on a similar sound speed perturbation plume and resulting from a direct
forward computation. The acoustic ray approximation was used to derive the
kernels. I compare how well the underlying sound speed profile is recovered
or not in this simulation as observables are removed over circular patches of
various sizes centered on the active region (hence the so called cookie cutter
test). I then present how the inversion behaves when the same tests is applied
to actual data. Two distinct inversion techniques were used, one that allows me
to compute the corresponding resolution kernels. The validity of the inferences
are discussed in light of the results of these simulations and the resulting profile
of the corresponding resolution kernels.
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Comparative study of isolated sunspots using time-distance helioseis-
mology

S. Zharkov, M. J. Thompson

Solar Physics and Upper-Atmosphere Group, Dept of Applied Mathematics,
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Email: s.zharkov@shef.ac.uk

Abstract: We present a preliminary comparative seismic study of con-
ditions around and beneath isolated sunspots. Using European Grid of Solar
Observations’ Solar Feature Catalogue of sunspots derived from SOHO/MDI
continuum and magnetogram data, 1996-2005, we identify a set of isolated fea-
tures by checking that within a Carrington rotation there were no other spots
detected in the vicinity. We then use avaialable MDI level 2 tracked Doppler-
grams to investigate such sunspots using the methods of time-distance helioseis-
mology.

83



P28

Subsurface structure evolution associated with the emergence and
decay of intensely active regions

R. S. Bogart [1], S. Basu [2], M. C. Rabello-Soares [1], H. M. Antia [3]

[1] CSSA-HEPL, Stanford University; [2] Dept. of Astronomy, Yale University;
[3] Tata Institute of Fundamental Research

Email: rbogart@spd.aas.org

Abstract: In order to study the sub-surface structure variations associ-
ated with the formation and evolution of major active regions producing large,
long-lived sunspot groups and intense flare activity, we have analyzed the local-
ized power spectra at the sites of selected active regions from well before their
emergence through their disappearance, comparing the helioseismic data with
those for quiet regions of the same size and at the same latitude during similar
time ranges. Because of the need for continuous data through disc passages of
the selected regions over several Carrington rotations, we have analyzed GONG
Doppler data, for which nearly continuous observations are always available,
whereas continuous MDI data are usually limited to two rotations or less. The
selected active regions were those that attained the greatest sunspot group area
during the years for which there is reasonably complete GONG+ data coverage,
from the middle of 2001 through 2005.
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Three-dimensional numerical simulation of wave propagation through
a model sunspot

R. Cameron, L. Gizon

Max-Planck-Institut für Sonnensystemforschung, 37191 Katlenburg-Lindau, Ger-
many

Email: gizon@mps.mpg.de

Abstract: The interaction of solar waves with sunspots in being studied
using numerical simulations. The code we have developed follows the linear
evolution of wave perturbations (including magnetic perturbations) in a gen-
eral three-dimensional background solar model. We used the model sunspot of
Schuessler and Rempel (2005, A&A 441,337). Several possible applications, in
the context of local helioseismology, will be briefly mentioned.
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Magnetic field inclination and atmospheric oscillations above solar
active regions

P. S. Cally, H. Schunker, A. Donea

Centre for Stellar and Planetary Astrophysics Monash University Victoria Aus-
tralia 3800

Email: paul.cally@sci.monash.edu.au

Abstract: We present the results of some simple numerical experiments
exploring the transparency of active region photospheres to helioseismic waves
incident from below. It is found that the expected signals at heights observed
by MDI and similar instruments are extremely sensitive to magnetic field incli-
nation. In particular, field inclined in the direction of propagation of the wave
is far more transmissive than field inclined in the contrary direction. This is
explained using ray theory and the concept of ‘attack angle’.
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On the enhanced velocity signals observed during solar flares

Brajesh Kumar[1], P. Venkatakrishnan[1], K. Venugopalan[2]

[1]Udaipur Solar Observatory, Physical Research Laboratory, P.O. Box 198, De-
wali, Off Bari Road, Udaipur 313 001, Rajasthan, INDIA; [2]Deptt. of Physics,
University College of Science, Mohan Lal Sukhadia University, Udaipur 313 001,
Rajasthan, INDIA.

Email: pvk@prl.res.in

Abstract: Solar flares are known to release large amount of energy. It
is believed that the flares can excite velocity oscillations in active regions. We
report here the changes in velocity signals in two active regions which have
produced large X-class flares. The enhanced velocity signals appeared during
the rise time of the GOES soft X-ray flux. These signals are located close to
the vicinity of the hard X-ray flux regions as observed with RHESSI. The power
maps of the active region show enhancement in the frequency regime 5.0-6.5
mHz, while there is feeble or no enhancement of these signals in 2.0-4.0 mHz
frequency band. The observed momentum in the flare core is found to be ranging
between 1021 and 1023 gm cm/sec.
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On the relation between solar flares and solar p-modes excitation

F. Baudin

Institut d’Astrophysique Spatiale, Orsay, France

Email: frederic.baudin@ias.u-psud.fr

Abstract: Kosovichev & Zharkova (Nature, 1998) have shown the seismic
consequences of a solar flare observed in 1996: they showed the propagation of
waves in the photosphere. This kind of consequences has not been observed
during the solar maximum but has been observed again during the very pow-
erful flare observed in October 2003, by Donea & Lindsey (SOHO14, 2004 and
ApJ, 2005) and Zharkova et al (SOHO17, 2006). Baudin & Finidori (SOHO14,
2004) have shown that the flare observed in 1996 had a signature visible in the
amplitude of global p modes, and that could be also the case for the so called
Bastille Day flare of July 2000. Refined and new analysis will be presented here
about the possible signature in global mode amplitudes of the flares previously
mentionned (July 1996, July 2000 and October 2003).
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The acoustically active solar flare of 2005 January 15. I. Seismic
emission

Hamed Moradi[1], Alina Donea[1], Charlie Lindsey[2], Diana Besliu-Ionescu[1,3],
Paul Cally[1]

[1]Centre for Stellar and Planetary Astrophysics, School of Mathematical Sci-
ences, Monash University, Victoria 3800, Australia; [2]Colorado Research Asso-
ciates Division, NorthWest Research Associates Inc., 3380 Mitchell Lane, Boul-
der, CO, 80301, USA; [3]Astronomical Institute of the Romanian Academy,
RO-040557, Bucharest, Romania

Email: hamed.moradi@sci.monash.edu.au

Abstract: We report the discovery of one of the most powerful sun quakes
detected to date, produced by an X1.2-class solar flare in active region 10720
on 2005 January 15. We used helioseismic holography to image the source of
seismic waves emitted into the solar interior from the site of the flare. Acoustic
egression power maps at 3 and 6 mHz with a 2 mHz bandpass reveal a com-
pact acoustic source strongly correlated with impulsive hard X-ray and visible-
continuum emission along the penumbral neutral line separating the two major
opposing umbrae in the δ-configuration sunspot that predominates AR10720.
At 6 mHz the seismic source has two components, an intense, compact ker-
nel located on the penumbral neutral line of the δ-configuration sunspot that
predominates AR10720, and a significantly more diffuse signature distributed
along the neutral line up to ∼15 Mm east and ∼30 Mm west of the kernel.
The acoustic emission signatures were directly aligned with both hard X-ray
and visible continuum emission that emanated during the flare. The visible
continuum emission is estimated at 2.0 × 1023 J, approximately 500 times the
seismic emission of ∼ 4 × 1020 J. The close spatial alignment between sources
of seismic emission and impulsive continuum emission in previousely published
sun quakes has suggested heating of the low photosphere, with an attendant
pressure transient as a major contributor to seismic emission into the active
region subphotosphere. In these instances, the signature of protons suggested
direct heating of the low photosphere by energetic protons, which can penetrate
to the low photosphere and deposit heat there directly. The 2005 January 15
flare exhibits the same close spatial alignment between the sources of the seismic
emission and impulsive visible continuum emission as previous flares, reinforc-
ing the hypothesis that the acoustic emission is driven by heating of the low
photosphere. However, it is a major exception in that there was no signature
to indicate the inclusion of protons in the particle beams thought to supply
the energy radiated by the flare. It is well established that electrons with en-
ergies consistent with the hard X-ray (HXR) signatures cannot penetrate into
the low photosphere with sufficient energy to explain the seismic emission by
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direct heating of the low photosphere. The continued strong coincidence be-
tween the sources of seismic emission and impulsive visible continuum emission
in the case of a proton-deficient white-light flare lends substantial support to the
“back-warming” hypothesis, that the low photosphere is significantly heated by
intense Balmer and Paschen continuum-edge radiation from the overlying chro-
mosphere in white-light flares.
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Seismic emission from M-class solar flares

D. Besliu-Ionescu[1,2], Alina Donea[1], P. Cally[1], C. Lindsey[3]

[1]School of Mathematics, Monash University; [2]Astronomical Institute of Ro-
manian Academy; [3]NorthWest Research Associates, Inc., Colorado Research
Associates Division

Email: alina.donea@sci.monash.edu.au

Abstract: The detection of significant seismic emission from solar flares
is a major discovery with a broad range of diagnostic and control applications
for helioseismologists and flare analysts. Donea and Lindsey (2005) suggested
that significant seismic activity might possibly be excited by a relatively small
flare (either a C- or a M-class flare) provided the energy is released suddenly
into a relatively localised footpoint. We have applied computational seismic
holography to helioseismic observations to image the seismic sources of solar
flares. In this paper we report the detection of seismic emission from M-class
flares. We will present properties of the recently detected seismic emissions from
M-class solar flares.
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Mode parameter changes with magnetic activity, from large-aperture
ring diagram analysis of GONG data

Rachel Howe, Irene González Hernández, Rudi Komm, Frank Hill

National Solar Observatory, 950 N. Cherry Avenue, Tucson AZ 85719, USA

Email: rhowe@noao.edu

Abstract: We study the peak parameters from large-aperture ring-diagram
analysis of GONG data. This gives access to higher-order and hence higher-
frequency peaks than the standard ring-diagram analysis. At and above the
acoustic cut-off frequency, the sensitivity of peak frequency, amplitude and
width to magnetic activity level changes rapidly as a function of frequency. We
investigate these changes and relate them to previous studies of high-frequency
modes at different degrees.
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Phenomenological simulation of total solar irradiance and its power
spectrum

H. Vázquez Ramió[1], C. Régulo[1,2], T. Roca Cortés[1,2]

[1] Instituto de Astrof́ısica de Canarias; [2]Universidad de La Laguna

Email: hvr@iac.es

Abstract: Far from being constant, the combined influence of the convec-
tive motions, the action of the magnetic fields, the temperature stratification, as
well as the differential rotation, amongst other effects, make the modeling and
the understanding of the time evolution of the total irradiance recieved from the
Sun disk especially complex. The main goal of this work is to reconstruct the
solar signal as if it came from a star (integrating every contribution to the total
irradiance) and its time evolution, taking into account its most relevant sources
and the properties for which detailed information is available. Such a simulation
will improve the knowledge on the nature of the solar irradiance signal and will
provide clues to manage the analogous stellar signal.
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Solar mean magnetic field near the surface and its variation during a
cycle

P. A. P. Nghiem[1], R. A. Garćıa[1], S. Turck-Chièze[1], S. J. Jiménez-Reyes [2]

[1] Service d’Astrophysique, DAPNIA/DSM/CEA CE Saclay AIM Unité mixte
de recherche CEA-CNRS-Université Paris VII, UMR no.7158, 919191 Gif sur
Yvette Cedex, France; [2] Instituto de Astrof́ısica de Canarias, La Laguna,
Tenerife, Spain

Email: papnghiem@cea.fr

Abstract: The unsigned mean magnetic field characterizes the magnetic
energy settled in the solar near surface region. It is one of the determinant
ingredients that govern the turbulence in the photosphere, and the magnetic
heating of upper layers. The acoustic eigenmodes are directly sensitive to this
mean magnetic energy, via the magnetic pressure, and thanks to their trajecto-
ries sweeping entirely this region. We use the local-wave formalism to calculate
the p-mode frequencies of the Saclay seismic solar model. Then, by comparing
them to the LOWL observed frequencies, the order-independent differences (up
to 40 microHz) can be attributed to the existence of a magnetic pressure that
modifies the pressure, the density and the sound speed, taking also into account
the additional alfven speed. A profile of unsigned mean magnetic field is de-
duced, increasing from zero at the surface to 25 kG, 5600 km deeper. Next, by
applying the same method, the order-independent variations in frequency due
the solar cycle (up to 0.4 microHz) is used to deduce the change of the magnetic
profile, which amounts to only 2-3 G at the depth of 2100 km, but with a very
narrow peak of 55 G, 220 km thick, right at the surface. Due to the non-linear
effect of the magnetic field, the comparison alone of the frequencies between
minimum and maximum activity is not sufficient to deduce the magnetic vari-
ation. The additional knowing of the magnetic field at minimum activity is
necessary. If the latter is ignored, an extra variation of up to 130 G would be
found. Finally, our results are compared to magnetic field estimates by other
helioseismic methods and spectroscopic methods.
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High-degree mode parameters: changes with solar cycle.

M. C. Rabello-Soares [1], S. G. Korzennik [2], J. Schou [1]

[1] HEPL, Stanford University, Stanford, CA, USA; [2] Harvard-Smithsonian
Center for Astrophysics, Cambridge, MA, USA.

Email: csoares@quake.stanford.edu

Abstract: We present a study of the variation of the amplitude, width,
frequency and frequency splitting of high-degree (100 < l < 1000) solar acoustic
modes over most of solar cycle 23 using global helioseismology analysis tech-
niques on full-disk observations obtained with the Michelson Doppler Imager
(MDI) on board the Solar and Heliospheric Observatory (SOHO) spacecraft.
To infer unbiased estimates of high-degree mode parameters, the known instru-
mental and observational effects that affect specifically high-degree modes were
removed as well as possible following the methodology described in detail in
Korzennik et (2004).
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Spatial behaviour of f and p modes in atmospheric models

Balázs Pintér[1], Robert Erdélyi[2]

[1] Institute of Mathematical and Phsical Sciences, University of Wales, Aberys-
twyth; [2] Department of Applied Mathematics, The University of Sheffield
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Abstract: The pulsation of the solar surface is caused by acoustic waves
travelling in the solar interior. These f and p oscillation modes are not bounced
back completely at the surface, but are partially penetrate into the atmosphere.
Atmospheric effects are investigated analytically in one-dimensional hydrody-
namic (HD) and magnetohydrodynamic (MHD)models. The focus is on the
spatial behaviour of the perturbations: how their amplitude of oscillation varies
with height in the interior and in the atmosphere. The f and p modes can be
coupled resonantly to local atmospheric MHD modes (such as Alfvén and slow
waves). The spatial evolution of the f and p modes around the resonant layer
is also studied.
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Hydrodynamical evolution of the solar tachocline

Suzanne Talon
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Abstract: The thinness of the Solar tachocline still does not have a fully
satisfactory explanation. The purely hydro solution, relying on the existence of
anisotropic turbulence that mixes angular velocity has not been demonstrated
from first principles, and the properties of turbulence need to be better under-
stood. Here, we present preliminary results obtained with a purely hydro code
to assess this problem.
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How magnetic is the solar tachocline

R. Arlt, A. Sule, G. Rüdiger

Astrophysikalisches Institut Potsdam

Email: rarlt@aip.de

Abstract: Models of solar activity are often coupled with the storage of
strong magnetic fields of the order of 105 Gauss in the tachocline. Also the
formation of the tachocline could be magnetic and leads to toroidal magnetic
fields of about 200 Gauss. We investigate the stability of toroidal-field belts in
the tachocline in computations of spherical shells. We find that the maximum
stable field strengths are of the order of 100 Gauss being compatible with the
tachocline formation, but not with the storage of 100 kG fields.
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The turbulent tachocline

Nicolas Leprovost, Eun-jin Kim
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Abstract: One of the outstanding problem in the solar interior is to un-
derstand the dynamics of the tachocline, a thin layer linking the differentially
rotating convection zone and the uniformly rotating radiative interior. In par-
ticular, turbulent transport in this stably stratified shear layer plays a crucial
role in the transport of angular momentum (responsible for the transition to uni-
form rotation) and of chemical species (to account for the abundance anomaly
of light elements on the surface of the sun). Here, we present a consistent the-
ory of turbulence in presence of a large-scale radial shear by incorporating the
important effects of rotation (inertial and Rossby waves), latitudinal shear and
magnetic fields.
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Turbulent transport in magnetized tachocline and its implications

Eun-jin Kim, Nicolas Leprovost
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Abstract: A theory of turbulent transport is presented in the magnetized
tachocline by incorporating the crucial effects of a radial differential rotation and
gravity waves. We provide theoretical predictions for the transport of magnetic
flux, momentum, and particles and turbulent intensities, which show stronger
reduction compared with hydrodynamic case, with different dependences on
shearing rate, magnetic field, and Brunt-Vaisala frequency. In the limit where
the strength of toroidal magnetic field is much larger than Brunt-Vaisala fre-
quency, particle transport is more severely suppressed than momentum trans-
port, effectively leading to a more efficient momentum transport. However, for
reasonable values of parameter, typical of the tachocline, the eddy viscosity is
found to be negative. Some of the interesting implications of these results in
the angular momentum transport and surface depletion of light element as well
as the long-term dynamics of the tachocline will be discussed. In particular, a
consistent estimate on the thickness of the tachocline will be provided.
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Convection and non-axisymmetric large-scale flows at the base of the
solar convection zone

Evgeniy Tikhomolov
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Email: tikh@triumf.ca

Abstract: We model penetrative convection and large-scale non-axisymmetric
flows at the base of the solar convection zone. Physical parameters for this region
are taken from the standard solar models. Transition from convective stabil-
ity to instability is determined by change in the value of thermal conductivity.
The flows are modeled in anelastic approximation. 3D numerical simulations
show strong interactions between small-scale convection and large-scale flows
that is attributed to deformability of the interface between convectively stable
and unstable regions
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A non-local MLT treatment fitting 3D simulations

M-A Dupret, M.-J. Goupil, R. Samadi
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Abstract: It is known that the mixing-length approach gives a very crude
description of convection. First it is local and second it neglects the spectral
nature of turbulence. However, it is still widely used in stellar evolutionary
codes. Moreover, perturbative approaches of the MLT can be derived, allowing
a non-adiabatic modelling of the convection-oscillations interaction. We pro-
pose here a generalisation of the mixing-length theory to the non-local case,
introducing 2 non-local parameters and 2 free functions associated with the clo-
sure of the problem. The description of the convective envelope (including the
overshooting region) as predicted by 3D hydrodynamic simulations (horizontal
and time averages) can be reproduced with our treatment by adjusting these
free parameters and functions. A perturbation of this treatment can be done as
in the MLT, allowing the theoretical determination of the modes damping rates
for structure models with 3D description of the convective zone top.
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Realistic supergranule-scale convection simulations

Robert Stein[1], Aake Nordlund[2], Dali Georgobiani[1], David Benson[1]
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Email: stein@pa.msu.edu

Abstract: We report on the status of solar surface supergranulation scale
simulations (48Mm x 48Mm x 20Mm (deep)). Effects of f-plane rotation at a
latitude of 30 degrees are included. These simulations were bootstrapped from
smaller width calculations which were relaxed for 3 turnover times (6 days)
and have now relaxed for another turnover time at the full width. The size of
dominant structures increases with depth, due to the halting of some downdrafts
and the merging of others as they descend, to form the boundaries of the larger
horizontal upflows. These large scale structures are also visible at the surface
with a velocity amplitude that decreases linearly with increasing size. We thank
NASA and NSF for their support of this work.
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Abstract: The recent downward revision of solar photospheric abun-
dances of Oxygen and other abundant heavy elements has caused a serious
discrepancy between standard solar model and the seismically determined solar
structure. In order to obtain an independent estimate of heavy element abun-
dances in the Sun, we use the dimensionless sound-speed derivative in the solar
convection zone to determine the heavy element abundance using helioseismic
data. This technique is similar to that successfully used to determine the he-
lium abundance in the solar envelope. We find a heavy element abundance of
Z=0.0172 +/- 0.002.
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Seismic solar model with the updated elemental abundances

H. Shibahashi, S. Tamura
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Abstract: It has been stressed that the improved measurement of elemen-
tal abundances makes the discrepancies between the helioseismically determined
sound speed profile and the evolutionary model of the sun larger. We construct
a seismic solar model with constraints of the helioseismically determined sound
speed and the new abundances so that the model is consistent with both helio-
seismology and the new abundances. We show that the neutrino flux estimated
from this model is, however, about a half of that estimated from the standard
solar model – that is, as small as the measured electron-neutrino fluxes without
correction due to the neutrino oscillation.
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FLAGing up the rotation of the solar core

W. J. Chaplin[1], T. Sekii[2] and the solarFLAG group

[1] School of Physics and Astronomy, University of Birmingham, UK; [2] Solar
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nomical Observatory of Japan, Tokyo, Japan

Email: wjc@bison.ph.bham.ac.uk

Abstract: We report preliminary results on rotation inversions of artificial
splitting data, data that came from fits to simulated time series made as part
of the solarFLAG hare-and-hounds program (Chaplin et al., 2006, MNRAS).
Implications of the results for inference on rotation in the core of the Sun are
discussed.
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On the p-mode coupling by differential rotation
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Abstract: Coupling of solar p modes by differential rotation produces
prominent observational signatures starting from degree l of about 100. This
effect was first analysed by M. Woodard (1989 ApJ 347, 1176) using a high-
degree asymptotic approximation. In this presentation, the effect is reconsidered
within the framework of quasi-degenerate perturbation analysis.
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On the direct determination of sensitivity, resolution and information
content of helioseismic data – application to the inversion of the solar
rotation rate.

Antonio Eff-Darwich[1,2], Sylvain G. Korzennik [3], Sebastián Jiménez [1], Rafael
Garćıa [4]
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Service d’Astrophysique DAPNIA/DSM CEA Saclay
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Abstract: A Singular Value Decomposition (SVD) analysis was carried
out on the kernel matrix for the solar rotation inverse problem. This SVD anal-
ysis effectively establishes a direct relationship between the mode set included
in the inversion and the spatial resolution, sensitivity and information content
of the resulting inferences. We show that such an approach allow us to deter-
mine the effect of adding low frequency and low degree p-modes, high frequency
and low degree p-modes, and g-modes on the derived rotation rate in the solar
radiative zone, without having to carry out a slew of inversions - as it is done
usually.
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Evolutionary convective envelope in modern model of the Sun
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Abstract: The current model of the solar evolution includes diffusion re-
distribution of elements through all interior. Chemical evolution also involves
the convection envelope, which is undergoing swift convective mixing. In the
model, the convection zone is supposed to be homogeneous, but averaged abun-
dances evolve slowly unlike to solar model without diffusion. Effect of deficiency
of heavy elements in the Sun on depth of the convection zone is considered in
comparison with model with fixed envelope composition. The stratification of
the most convective zones, as in a classical model, is supposed to be nearly
adiabatic. Moreover, plasma of the low half the convection zone is quite similar
to perfect gas, and deviation from ideality arises basically owing to Coulomb
interaction and the higher ionizations of heavy elements. Accuracy of these ef-
fects description in the modern equation of state (e.g. OPAL2005 and SAHA-S
EOS) is studied. Abundances of heavy elements based on analysis of an isoen-
tropic profile of adiabatic compressibility exponent are presented. Intermediate
Coulomb nonideality occurs in the helium ionization layers. The structure and
acoustic properties of these layers in new versions of the EOS are discussed.
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A new method to estimate the acoustic cut-off frequency of the Sun
using the different properties between p-modes and pseudomodes of
low degree

A. Jiménez[1], S.J. Jiménez-Reyes[1], R.A.Garćıa[2]
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Abstract: An important parameter for locating the upper boundary of p-
modes cavities is the acoustic cut-off frequency which can also lead to a determi-
nation of the mean molecular weight provided the temperature is known (Isaak
1983). The acoustic cut-off frequency also represents the frequency boundary
between p-modes and pseudomodes, that means, between trapped and traveling
waves.The discovery of a solar signal well beyond the acoustic cut-off frequency
(pseudomodes), could complicate its determination because, for example, look-
ing for a sudden drop in the power density signal could no be longer used.
Contrary to what might be thought at first sight, the existence of pseudomodes
helps to provide a good estimation of the acoustic cut-off frequency because the
frequency pattern of pseudomodes is shifted with respect to that of p-modes and
also the phase difference between Intensity and velocity signals or between In-
tensity and Intensity signals at different depths, change significantly for trapped
and traveling waves. In this study a new method is used to get a good deter-
mination of the acoustic cut-off frequency. It is based on a bivariate analysis
(coherence and phase shift) between the intensity signals of VIRGO and the
velocity signal of GOLF (both instruments on board the SOHO probe). This
analysis is carried out over the frequency range of p-modes and pseudomodes.
The results shows clear evidence that the acoustic cut-off frequency of the Sun
is even lower to the theoretical value of 5300 µHz; specifically, a value around
5100 µHz is found in this research.
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Abstract: Recently, Asplund, Grevesse & Sauval (2004), using a refined
model for the solar atmosphere, announced the new solar chemical composition
with the heavy-element abundance (Z=0.0122) being about 30% lower than the
previously determined value (Z=0.0171; Grevesse & Sauval 1998). The chemical
composition affects solar models in a complicated manner and it is often difficult
to determine whether the discrepancies between the Sun and a model result
from the chemical composition or from other sources. In this study, we use
the adiabatic index, γ1 ≡ (∂ ln P/∂ ln ρ)s, to examine and isolate the effects of
different chemical compositions. The advantage is that γ1 is independent of the
macroscopic structural properties. Specifically, we exploited the fact that γ1

deviates from the isentropic value of 5/3 in the element ionization zones, which
are determined by the EOS formalism and the element abundance. The results
of our study can provide an independent test of the newly determined solar
composition.
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Abstract: We present improved models for the seismic diagnostic that is
contained in the frequency spacing of the observed acoustic modes. By modelling
these signatures we are able to determine gross properties of the stellar interior.
In particular we are interested in measuring properties that are related to the
helium ionization zones and to the rapid variations in the background state
associated with the lower boundary of the outer convection zone. The improved
formulae for the seismic diagnostic are tested against a sequence of theoretical
solar models.
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Abstract: Previous works using intermediate-degree modes (Basu & Man-
del 2004), but also recently low-degree modes (Verner et al 2006) have shown
variations with magnetic activity in the adiabatic exponent Γ1 in the second
helium ionization region. Using ten years of low-l p-mode observations carried
out by GOLF instrument, we propose a methodology to isolate the signal from
the He-II zone using the second difference. Then, we look for possible variation
of the parameters which characterize this layer near the solar surface across the
solar cycle.
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Variations in p-mode frequencies and splittings with solar activity
observed in LOWL data
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Abstract: We have analyzed independent 108-d timeseries of the spatially-
resolved LOWL observations collected over ∼ 6 years, spanning the decreasing
phase and the minimum of the solar cycle 22 and the rising of the solar cycle
23, to study the activity-related variations of the solar acoustic mode central
frequencies. We present also the variations of the even a-coefficients of the fre-
quency splittings, describing the solar asphericity, and of the odd a-coefficients,
which sense the internal differential rotation. Their frequency and degree de-
pendences with solar activity are both investigated.
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On the impact of the solar cycle on the shapes of resonant peaks
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Abstract: We assess the likely impact of the solar activity cycle on the
underlying shapes of the resonant peaks seen in power spectra made from data
spanning large fractions of the cycle period. We adopt a two-pronged approach:
First, through the development of an analytical description of the expected
profiles (subject to assumed constraints); and second, through the use of ar-
tificial seismic data to which temporal variations of the oscillator parameters
are imposed. Implications of the results for the mode fitting procedures will be
discussed.
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How does the change on solar abundances affect low frequency modes?

A.Zaatri[1,2], J.Provost[1], G.Berthomieu[1], P.Morel[1], T. Corbard[1]
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Algiers, Algeria

Email: zaatri@obs-nice.fr

Abstract: the most recent determination of the solar chemical compo-
sition has been done using Time-dependent, 3D hydrodynamical model of the
solar atmosphere, instead of the classical 1D hydrostatic models. This new de-
termination exhibits a significant decrease on oxygene and other heavy elements
abundances comparing to their classical values. Its corresponding solar model
is not consistent with helioseismological measurements. However, the increase
on some bad determined elements abundances such as the neon abundance can
minimize the inconsistency. Since the change on chemical abundances affectes
essentially the opacity all along the interior of the star, low frequency modes
are affected as weel. In this poster, we show the influence of abundances and
opacity changing on the determination of g-modes and low degree p-modes fre-
quencies. g-modes with frequencies around 250µHz are the less sensitive modes
to these changes.
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Abstract: We present a detailed comparison of variations in the funda-
mental propierties of globally coherent, low-angular degree solar p modes as ob-
served by SPM and GOLF instruments, both on board the ESA/NASA SOHO
sattelite. Ten years of data, (1996-2006) were analyzed to extract estimates of
changes in frequency, damping, power, acoustic forcing and peak asymmetry.
The long and short term variation are analyzed and compared with the surface
solar activity.
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Changes to global mode parameters from GONG and MDI over a
solar cycle
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Abstract: We analyze GONG and MDI data for different lengths of ob-
servations to study p-mode parameters over the rising and falling phase of the
current activity cycle 23. There has been some evidence that the p-mode fre-
quencies derived from short term time series behave differently in rising and
falling phases of the solar cycle. Thus, it would be interesting to study this
behavior for other mode parameters. In this paper, we will concentrate on
mode amplitudes, line widths, and energy parameters derived from time series
of length varying from 9 days to 108 days. This may help us to understand the
excitation and decay process of the oscillation modes of the Sun.
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The evolution of the solar velocity background from MDI and GOLF
during cycle 23

S. Lefebvre[1], R.A. Garćıa[1], S. J. Jiménez-Reyes[2] & S. Turck-Chièze[1]

[1] SAp/DAPNIA/DSM CEA-Saclay, L’Orme des Merisiers Bat. 709, 91191
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Laguna, Tenerife, Spain

Email: sandrine.lefebvre@cea.fr

Abstract: We used SOHO/GOLF (GLobal Oscillation at Low Frequen-
cies) and SOHO/MDI (Michelson Doppler Imager) data to perform a detailed
analysis of the evolution of the solar background during cycle 23. We analysed
and compared different sub-series of data and distinguished the different parts
of the acoustic background solar spectrum linked to different aspects of solar ac-
tivity, as granulation and supergranulation for example. We will then show the
temporal evolution of the solar background within the past 10 years. Besides,
as GOLF is able to measure the velocity at different heights in the sodium line,
the variations with the altitude in the solar atmosphere will also be discussed.
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Sensitivity of the predicted frequencies of g-modes to different phys-
ical processes

S.Mathur, S.Turck-Chièze
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Abstract: More and more attention will be dedicated in the next years
to the solar radiative zone in order to understand the discrepancy observed
nowadays between standard model predictions including the new abundances
and seismic observations. We already know that this internal region certainly
requires to take into account more complex physical processes which may partly
modify the deep layers. So we discuss here, as a first step, the sensitivity of the
global gravity modes (n= -1 to n= -30) to the different physical inputs and we
also compare gravity modes predictions produced by different teams for standard
models.
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Needles in haystacks: how to use contemporaneous data in the search
for g modes
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Abstract: Solar noise is a major problem, restricting success in the hunt
for g modes. Contemporaneous datasets offer the possibility of reducing solar
noise, but the statistical tests must take proper account of correlations. We
explore the possible options, and present a formalism for the analysis.
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Theoretical damping rates and phase-lags for solar-like oscillations

M-A Dupret, M.-J. Goupil, R. Samadi
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Abstract: We present the theoretical damping rates obtained for a so-
lar model, using a new non-local time-dependent convection treatment. Our
structure models fit the description of the convective zone top given by 3D hy-
drodynamic simulations. We compare our results with the observed line-widths
and phase lags between intensity and velocity curves. The sensitivity of our
results to the free parameters of our model is discussed.
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Solar-activity changes in the p-mode damping and excitation using
LOWL observations
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Email: salabert@ucar.edu

Abstract: We have used the LOWL observations collected between be-
ginning of 1994 and end of 1999 to study the temporal variations of the low- and
intermediate-` p-mode damping and excitation parameters with solar activity,
as a function of the mode frequency and of the mode degree. We extracted the
temporal variations in mode height, mode width, mode velocity power and mode
energy supply rate by applying a multi-linear regression on the estimates of 16
108-d independent timeseries. This regression allowed us to correct the bias
on the peak-finding estimates from the temporal fills and to obtain a measure
of their fractional changes. We show that the p-mode damping and excitation
parameters between ` = 0 and ` = 60 present different behaviours with solar
activity. Our results confirm previous work made with the spatially-resolved
GONG observations, and also with full-disk Sun-as-a-star instruments.
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Abstract: We have analysed a 72-day MDI spherical-harmonic time se-
ries to examine temporal variations of p-mode power and their correlation. The
power variation is computed by a running-window method after the previous
study by Roth (2001), and then distribution function of power correlation be-
tween mode pairs is produced. We have confirmed Roth’s result that there is
an excess of anti-correlated p-modes pairs with close frequencies. On the other
hand, the amount of excess was somewhat smaller than the previous study.
Moreover, the distribution function does not exhibit significant change when we
paired modes with non-close frequencies, implying that the excess is not due to
mode coupling. We discuss the possibility of statistical bias playing the central
role in producing the excess.
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Status of the BiSON network
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Abstract: The Birmingham Group has been collecting data for thirty
years, and are the only group to have been in operation over a complete magnetic
solar cycle. What started out in the summer of 1976 as a single instrument in
Tenerife developed rapidly, with a second instrument at Pic du Midi in 1978, and
a third at Haleakala in 1981. Three years later in 1984 the group built the first
semi-automatic station in Carnarvon, which was finally made fully automatic in
1985. The six station network of today was completed in 1992, and for the last
thirteen years the group have been officially known as the Birmingham Solar-
Oscillations Network (BiSON). We have nearly completed replacing the old
computers with new Linux-based installations. These provide improved remote-
control capabilities with better system monitoring and diagnostic facilities. We
are also working on improving the guiding system, and other control hardware.
Some of our stations have been recording global, longitudinal, solar magnetic
fields since 1993. We are extending this capability to more stations and are
continuing and expanding the analysis of these data. We are exploring novel
techniques for widening the field of view of our KD*P retarders which should
allow us to run with larger input apertures thus improving our signal-to-noise
ratio. At present the network is producing a duty cycle of around 80% per year.
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Analysis of velocity-noise variations arising from photon-noise in data
from the GOLF instrument.

Roger New[1], Bill Chaplin[2], Yvonne Elsworth[3], Rafael Garćıa[4], Sebastián
Jiménez-Reyes[5]
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Email: r.new@shu.ac.uk

Abstract: Searches for low-amplitude p-modes and g-modes and stud-
ies of the solar velocity continuum all require a sound understanding of the
noise characteristics of helioseismic data sets. In recent years both BiSON and
GOLF teams have reported on meticulous studies of the noise behaviour of their
full-disc instruments. This paper extends an analytical approach, originally de-
veloped to investigate noise variations in BiSON data, to recently published
GOLF results. The new work confirms that observed annual noise variations
in regions of the velocity power spectrum may be caused by photon-noise in
intensity measurements, the effects of which alter as the operating point on the
spectral line changes with the radial component of the orbital velocity. A brief
discussion is given concerning the value of the present result for informing future
simulations of full-disc data and for the design of new instruments.
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The p mode high excitation events: comparison between BiSON and
GOLF observations

R. Simoniello[1], Y. P. Elsworth[2], W. J. Chaplin[2], R. Garćıa[3]
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Abstract: Recent observations have suggested that some flares excite
waves on the solar surface and further solar activity like coronal mass ejections
have been investigated as possible sources of excitation. This research has been
motivated by the great interest in linkng the atmospheric events with the acous-
tic waves. Using 10 years of BiSON and GOLF observations, we studied the
modes of oscillation at the tail of p mode power distribution in the frequency
range 2.5-3.5mHz. We used for the first time the information content of the
phase to the aim to help understand further the mechanisms responsible for
their excitation and damping.
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Comparison of solar p-mode lifetimes from GONG, MDI and TON
data
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Ladenkov[3], Dean-Yi Chou[3]
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Abstract: We present results of p-mode lifetime measurements obtained
from GONG, MDI and TON (Taiwan Oscillation Network) data using the time-
distance technique. Lifetimes of solar p-modes in the range l = 100 − 600 and
ν = 2.5 − 4.5 mHz were estimated from the decrease of the amplitude of the
cross-correlation function of the surface oscillations with time. We also include
the effect of dispersion of the wave packets in our measurements. The results
from GONG, MDI and TON data are in good agreement taking into account
the different spectral lines of the observations.
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A comparison of acoustic mode parameters using multi-spectal data
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Abstract: We analyze multi-spectral line observations to investigate the
propogation behaviour of acoustic waves in solar atmosphere. We use simul-
taneous observations in several atmospheric layers to study relative changes in
local mode parameters. The data sets include observations obtained with the
Ni I 676.8 nm from Global Oscillation Network Group (GONG), K I 769.9 nm
from Magneto Optical Filtters at Two Heights (MOTH) experiment and Na I
D2 589.0 nm from MOTH experiment and Mount Wilson Observatory (MWO)
during Austral summer of 2002-03. The depth formation of these lines occurs
about 200 km, 420 km and 780 km above the base of the photosphere, re-
spectively. We generate power spectra using ring-diagram technique and the
resulting power spectra are fitted to a Lorentzian profile to obtain the local
mode parameters. Preliminary analysis of these parameters obtained from Ni I
676.8 nm and K I 769.9 nm spectral lines clearly show a significant increase in
mode amplitude with increasing observing height, however, we do not see any
significant change in mode width.
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Comparison of local frequency shifts between velocity and intensity
data from MDI
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Abstract: There has been indication that the mode frequencies derived
from velocity and intensity data are different. The frequencies derived from
local ring diagrams also suggest a variation with the position on the solar disk.
Since the apparent frequency shift can not be a property of the observables, it
is expected that an simultaneous analysis of velocity and intensity data may
provide important information about the driving and damping mechanism of
local acoustic oscillations. It is known that the peaks in power spectra are not
symmetric and the use of symmetric profiles may cause the fitted frequency to be
shifted away from the true value. Thus, we analyze velocity and intensity data
from MDI through ring diagram technique and fit the resultant power spectra
with both symmetric and asymmetric profiles for comparison. We do this at
several different positions on the solar disk to study the apparent shift between
a single observable. We find that frequency differences between velocity and
intensity are minimized when asymmetric fitting formula is used.
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Abstract: The convection in the outer layers of the Sun is still not well
understood and modelled. Seismology can put constraints on the convection
modelling through the observed amplitudes, width, and asymmetries of p modes
as they are excited by convection. However, the measurements of these param-
eters is not an easy task, mainly because of the noise present in the data and of
the influence of the observation and analysis methods. Previous comparisons of
measurements from different instruments have shown that it is possible to obtain
reliable estimates of the excitation rates of p modes (Baudin et al A&A, 2005).
A better precision has been obtained using more data (Belkacem et al A&A,
2006). All of these measurements are now precise enough to look into details of
the influence of the observational method through the height of formation in the
solar atmosphere of the lines used for helioseismic observations. A proper calcu-
lation of eigen-functions of the observed modes is also important, in particular
because of the non-adiabaticity of the oscillations in the solar atmosphere. We
present here consistant calculations of the formation of the velocity signal in the
spectral lines used in helioseismology, and non-adiabatic eigen-functions of the
observed modes. Finally we compare the observed excitation rates measured by
several helioseismic instruments.
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Abstract: In classical Fourier analysis, spectral resolution is inversely pro-
portional to the length (duration) of the signal. Moreover, the observed signal
should be regularly sampled at a rate satisfying Shannon’s law. This means that
if we need a high resolution spectrum we have to perform long continuous ob-
servations which implies in general huge amount of data and time. However by
introducing an ‘a priori’ knowledge about the spectrum, such as ‘narrow peaks
spectrum’ and using regularization methods, one can achieve a high resolution
spectrum with shorter time and even with irregularly sampled data. Simulated
data as well as GOLF data are used to illustrate this last technique. Therefore,
we can expect developing a new strategy for sun or stars observation in order
to achieve high resolution spectrum with shorter observation time. Elements
of this strategy, such as oversampling and gaps distribution are presented and
discussed.
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Abstract: Previous studies have shown that the amplitude of the ‘phase
jitter’ in solar p modes is strongly dependent on the lifetime. Here, we find
that, in some cases, when the observed amplitude of the mode is many times the
average expected for that mode, the phase variation is well below expectation.
This information can be used to help to categorise large excitations seen in an
extended, low-degree dataset. The hope is that we may be able to identify some
large excitations as being driven by external means.
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Abstract: Star oscillations have been studied, understood, and the eigen-
frequencies calculated by high precision codes, for more than 60 years. But,
is the physical nature itself of the oscillations described by a clear concept?
According to every general-public documents, as well as introductions to many
theoretical articles, a star vibrates because of acoustic waves, and thus sounds
like resonant cavities of musical instruments. This concept was indeed given by
the very first papers to explain the 5-minute oscillations of the Sun. But since
then, sometimes despite of their introductory words, theoretical works progres-
sively adopt the language and the concepts of quantum physics, with notions
of potential wells stretching to infinity. In parallel, numerical codes employ
boundary conditions consisting in fitting to solutions coming from infinity. The
concept of a cavity with finite limits is thus banished. One can wonder now if
stars still oscillate because of acoustic waves, or if acoustic waves can have a
quantic behavior. Is it possible to conciliate the contradictory points of view
of classical waves in a cavity and quantum waves in an infinite space? How
can the global physics of a huge gaseous sphere like a star can be described
with quantum physics that has been untill now exclusively used for microscopic
objects? These questions are debated in this paper.
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Abstract: The effects of rotation on the oscillation frequencies of stars
present one of the greatest difficulties in the analysis of asteroseismic data. We
have modified Christensen-Dalsgaard’s ’adipack’ adiabatic pulsations package
to include the effects of rotation in a second-order perturbative approach. The
code calculates stellar oscillations, accounting for the effect of the star’s rotation
to first order in the eigenfunctions and to second order in the eigenfrequencies.
We present our initial results for main-sequence and near-main sequence stars
of different ages and masses, for a range of different rotation rates.
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Abstract: Young stars are known to be faster rotator than their main
sequence counterpart and to possess intense magnetic activity, subject of im-
portant research efforts. We have performed – as a first step – 3-D numerical
simulations of turbulent convection of young solar-like stars in deep shperi-
cal shells using the anelastic spherical harmonic (ASH) code. These nonlinear
models aim at understanding the complex interactions between convection and
rotation. We discuss as the level of turbulence or the rotation rate is increased,
how the redistribution of angular momentum by Reynolds stresses, meridional
flows and viscous diffusion leads to the differential rotation profile seen in the
models. In particular we focus our study on a regime where we find that the
convection, when the rotation influence becomes strong, undergo a very pro-
nounced spatial and temporal intermittency. In such thick shells, under some
conditions, the convection can develop localized patterns and even a oscillating
behaviour, with very interesting dynamical properties. Finally, we consider the
influence of baroclinic effects associated to a tachocline at the base of the con-
vective enveloppe of these young Suns, to see if the quasi cylindrical rotation
profile obtained in most of the fastly rotating models can be broken to a more
conical solar-like profile.

136



P80

Asteroseismic diagnostics of stellar convective cores

Anwesh Mazumdar, Sarbani Basu, Braxton L. Collier, Pierre Demarque

Astronomy Department, Yale University, P.O. Box 208101, New Haven, CT
06520-8101, USA

Email: anwesh.mazumdar@yale.edu

Abstract: We present a detailed study of the small frequency separations
as diagnostics of the mass of the convective core and stellar age in solar-type
stars. We demonstrate how the small separations can be combined to provide
sensitive tests for the presence of convective overshoot at the edge of the core.
These studies are focused on low degree oscillation modes, the only modes ex-
pected to be detected in distant stars. Using simulated data with realistic errors,
we find that the mass of the convective core can be estimated to within 5% if the
total stellar mass is known. Systematic errors arising due to uncertainty in the
mass, composition and overshoot could be up to 20%. Similar error estimates
hold for stellar age determination using the new technique.
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Abstract: We present stars selected or a long-time monitoring for Kepler,
a new NASA space telescope. The selected stars are primary asteroseismological
targets for Kepler. They are mostly solar-like stars in which we expect detec-
tion solar-like pulsations. We determine fundamental astrophysical parameters
of the selected stars. Then, we show estimations of pulsational properties of
the targets. Finally, we show results of simulations of the Kepler capability
of detection oscillations with frequencies and amplitudes typical for solar-like
pulsators and the large separation determined from simulated data.
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Abstract: The solar magnetic activity cycle is responsible for periodic
episodes of severe space weather, which can perturb satellite orbits, interfere
with communications systems, and bring down power grids. Much progress
has recently been made in forecasting the strength and timing of this 11-year
cycle, using a predictive flux-transport dynamo model (Dikpati et al. 2005,
2006). We can strengthen the foundation of this model by extending it to
match observations of similar magnetic activity cycles in other Sun-like stars,
which exhibit variations in their CaII H and K emission on time scales from 2.5
to 25 years (Baliunas et al. 1995). This broad range of cycle periods is thought
to reflect differences in the rotational properties and the depth of the surface
convection zone for stars with various masses and ages. Asteroseismology is
now yielding direct measurements of these quantities for individual stars, but
the most promising asteroseismic targets are in the southern sky (alpha Cen A,
alpha Cen B, beta Hyi), while the existing activity cycle survey is confined to
the north. We are initiating a long-term survey of CaII H and K emission for a
sample of 92 southern Sun-like stars to measure their magnetic activity cycles
and rotational properties, which will ultimately provide independent tests of
solar dynamo models.
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Abstract: Through the use of observational and model data, we discuss
trends in certain seismic parameters for stars on the lower Main Sequence, and
the likely impact of these trends for inference on the stellar interiors. We con-
centrate in particular on general trends in acoustic mode damping, and trends
in the stellar-cycle frequency shifts (inferred, to first order, from the Mount
Wilson Ca II H & K survey data).
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Abstract: In Chaplin et al. (2003; SOHO 12/GONG+ 2002, p. 119) we
reported evidence for a degree dependence of the variation observed over the
solar cycle of the widths of the low-degree modes. The data came from analysis
of Sun-as-a-star observations made by the BiSON. Here, we report on attempts
to validate the result using Monte Carlo simulations of the ∼10-yr dataset.
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Abstract: We use a minimization technique that combines the Levenberg-
Marquardt algorithm with the Singular Value Decomposition (SVD) technique
to fit physical parameters of a stellar system to observations. SVD also allows
us to quantify the information that comes from each observable; we can use this
knowledge to assess the relative importance of different kinds of measurements.
We apply this technique to learn how interferometric measurements of stellar
radii complement oscillation frequencies. We have done monte carlo simulations
of particular Sun-like stars to see by how much an additional radius measure-
ment is valuable in the determination of the system’s parameters. We try to
quantify this for representative measurement errors for radius and oscillation
frequencies.
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Abstract: 12 Bootis is a double-lined spectroscopic binary whose orbit
has been clearly resolved by interferometry. We present a detailed analysis of
the system and show that the evolutionary state of the components cannot be
unambiguously determined, even when all available observational constraints
are taken into account. The different evolutionary states that match the ob-
servations depend on the details of extra-mixing processes acting in the core
(overshooting, diffusion etc). In order to discriminate among these theoretical
scenarios, additional and independent observational constraints are needed. We
show that these can be provided by solar-like oscillations, that are expected to
be excited in both components of the system.
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Abstract: Relatively consequent sets of p-mode frequencies are now avail-
able for the two solar-like stars Procyon-A and etaBootis, obtained after many
years of effort from ground-based telescopes. Numerous theoretical interpre-
tations of these observations have been done, but always following the same
traditional numerical calculations. In spite of their very high precision, these
calculations use boundary conditions that actually modify the star models by
smoothing out their physical parameter profiles at the center and at the surface.
The two stars considered here present steep variations toward the center due to
the convective core stratification, and toward the surface due to the very thin
convective zone. In order to analyse their eigenfrequencies, we use the local-
wave formalism which, despite its lack of precision inherent to the fact that
it is a semi-analytical calculation, uses directly the model profile without any
modification. Based on other boundary conditions, the frequencies obtained
with this formalism are different from that of the traditional numerical calcu-
lation. The first type of differences, up to some tens of microHz, already seen
for the Sun, vary mainly with the degree l and not with the order n, expressing
that they come from the use of different surface conditions. A second type can
be seen for the two considered stars, concerning some very precise low-degree
modes, whose internal turning points are across the steep variation of the core
limit. Two main results can be pointed out: - The frequencies calculated with
the local-wave formalism seem to fit better with observational ones. Further-
more, all the frequencies detected with confident levels equivalent to others but
classified as ’noise’ because too far from numerical results, find here their cor-
responding theoretical frequencies. - Some frequencies can be clearly identified
here as indications of the core limit. These results must however be taken with
caution because, as other authors, we have displaced the observational frequen-
cies by + or - 11.57 microHz, the day-night alias of unique-site observations.
A comparison with the very first data given by the MOST satellite leads again
to the same results as above. But they still remain to be confirmed by more
reliable observational data, coming from future multi site ground-based obser-
vations, or/and space observations.

144



P88

Modeling intermediate mass red giants: parameters constraints.

Olga Moreira[1], Joris De Ridder[2]
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Abstract: Because radial modes will be easiest to observe in red giants,
we have studied the stellar parameters (stellar mass, mixing length parameter,
metallicity and overshooting parameter) constraining the theoretical models us-
ing the large separation as the only asteroseismic observable available. We have
calculated a grid of intermediate mass stellar models and we have considered a
2σ error box, with σ(Teff)=116 K and σ(L/L�)=8, in the red giants region of
the HR diagram. For the same mass, models of different age seem to have a
very similar l = 0 oscillation signature. Statistical arguments were taken into
account in order to choose the best fitting model.
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Abstract: So far, red (sub)giant oscillations have been studied using
radial-velocity and/or light curve variations, which reveal frequencies of the
oscillation modes. To characterise radial and non-radial oscillations, line pro-
file variations are a valuable diagnostic. Here we present for the first time a
line-profile analysis of pulsating red (sub)giants. The main difficulties encoun-
tered are the small line profile variations and the predicted short damping and
re-excitation times in red (sub)giants. Two line diagnostics have been tested to
see whether these are sensitive to the small line profile variations present in red
(sub)giants. In addition, line profiles are simulated with short damping and re-
excitation times and compared with the observations. The comparison between
the observations and simulations reveals that non-radial modes are most likely
to be visible in the line profile variations while theory predicts the occurrence
of radial modes.
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Abstract: Over a decade ago precise stellar radial velocity measurements
established that K giant stars exhibit multi-periodic radial velocity variations on
time scales ranging from days to hundreds of days with an amplitude which can
be up to several hundreds m/s. Since their discovery, relatively little progress has
been made in fully understanding the complex nature of K giant variability, but
it seems clear that their short period variations are due to p-mode oscillations
of solar-type nature. Here we consider the theoretical study of two K giants,
HD32887 and HD81797, which have been proved to be suitable for ground ob-
servations and we will show how a pulsational analysis of the detected modes
will enable us to draw important conclusions on the structural and pulsational
properties of red giant stars.
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Abstract: We present the analysis of simultaneous multicolour uvyI pho-
tometry and low resolution spectroscopy for the fast rotating beta Cephei star
SY Equ. The period search analysis was performed for all four passbands and
for the first three moments of various line profiles. From the photometric data,
we confirm the dominant pulsation frequency, f1=6.029 c/d and we find an ev-
idence for a few additional modes. In spectroscopy, the highest peak occurs at
frequency fa=0.195 c/d or its alias 0.805 c/d. It can be interpreted either in
terms of a binary motion or as the g-mode pulsation. Such the low frequen-
cies were already discovered in some beta Cep stars. We reveal also the main
pulsation mode with the radial velocity amplitude of about 12 km/s and, in addi-
tion, a few possible frequencies. We made mode identification for the observed
frequencies from combined photometric and spectroscopic data. In pulsation
nonadiabatic calculations, the effects of rotation on the oscillation frequencies
were taken into account up to the second order. Our study showed that the ob-
served modes in SY Equ are consistent with the stellar models for much lower
Teff than derived from Geneva photometry. This effective temperature is in
accordance with the determination from the IUE spectra.
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Abstract: We present the determination of the detailed chemical compo-
sition of the pulsating beta Cephei star gamma Peg (HD 886, B2 IV). For this
purpose we collected all currently available spectroscopic data and performed
analysis by means of spectrum synthesis method. The majority of lines for hot B
type stars are located in the ultraviolet part of the spectra. The high-resolution
IUE (120 - 300 nm) and HST/GHRS observations (205.9 - 207.1, 134.3 - 138
nm) have been used to determine abundances of the iron group elements. The
visual high-resolution, high S/N ratio spectra from UVES/VLT (300 - 1000 nm)
were used to find the abundances of the other elements, for example C, N, O,
Mg and Si. We also check the observations from ELODIE spectrograph (400 -
880 nm) as well as from Ondrejov Observatory (625 - 677, 438 - 460 and 750 -
802 nm).
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Abstract: SIAMOIS is a project devoted to ground-based asteroseismol-
ogy, involving an instrument to be installed at the Dome C Concordia station
in Antarctica. Dome C appears to be the ideal place for ground-based astero-
seismic observations. The unequalled weather conditions yield a duty cycle as
high as 90% over 3 months, as was observed during the 2005 wintering. This
high duty cycle, a crucial point for asteroseismology, is comparable to the best
space-based observations. Long time series (up to 3 months) will be possible,
thanks to the long duration of the polar night. As a consequence, SIAMOIS is
the only asteroseismic programme that can follow the way opened by the space
project CoRoT: it will provide unique information on G and K type bright stars
on the main sequence. In addition, spectrometric observations with SIAMOIS
will be able to detect oscillation modes that cannot be analysed in photometry,
and will be less affected by stellar activity noise, increasing the complementarity
with space-based photometric observations. The SIAMOIS concept is based on
Fourier Transform interferometry. Such a principle leads to a small instrument
designed and developped for the harsh conditions in Antarctic. The instrument
will be fully automatic, with no moving parts, and a very simple initial set up in
Antarctic. The single dedicated scientific programme will avoid the complica-
tions related to a versatile instrument. Data reduction will be performed in real
time, and the transfer of the asteroseismic data to Europe will require a modest
bandpass. SIAMOIS will observe with a dedicated small 40-cm telescope.
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Abstract: The observation of p modes in the Fourier spectrum of MOST
Procyon data has been claimed recently (Regulo & Roca Cortes A&A, 2005;
Garćıa et al A&A, 2006). We present here some results on the influence of
instrumental efects (temperature variations and window function for example)
that could explain the features observed in the spectrum and interpreted as the
signature of p modes.
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Abstract: A new method for investigating the frequencies of multiperi-
odic signals from an irregularly sampled time series is presented. The method
is a time-frequency method and views the problem as an inverse problem. Us-
ing SOLA as a basis, the spectral resolving power of a given sampling can be
investigated, also including weighting for the properties of the data errors.
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Abstract: The basic properties of acoustic wave propagation in stellar
interiors can be analysed from the autocorrelation function (ACF) of intensity
(or velocity) observations without measuring the resonant p-mode frequencies.
We show how the strength of acoustic wave refraction in the stellar core, or
forward acoustic amplitude, can be measured from a modulation in the ACF.
This is the basic physical quantity which governs the so-called “small frequency
separations”, and its measurement from the ACF can be used for determining
the small frequency separations when the data is of insufficient quality for a
reliable identification of the stellar p-mode frequencies.
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Abstract: Results of forward modelling of acoustic wave propagation in a
realistic solar sub-photosphere with a steady horizontal flow are presented. The
simulations are based on fully compressible ideal hydrodynamical modelling in
a cartesian grid. The initial model is characterised by solar density and pressure
stratifications taken from Model S of Christensen-Dalsgaard and is adjusted in
order to suppress convective instability. Acoustic waves are excited by a non-
harmonic source located close to and right below the depth corresponding to the
visible surface of the Sun. A series of numerical experiments with coherent hori-
zontal flows of various depths and speeds are carried out. The implemented flow
field may mimick horizontal motions of plasma surrounding a sunspot (e.g. local
analysis) or differential rotation (global analysis). The influence of steady state
on the propagation of the sound waves through the solar interior is analyzed.
Time-distance analysis technique is applied to compute the direct observational
signatures of the background bulk motions on the travel times and phase shifts.
This approach allows direct comparison with observational data.
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Abstract: Three-dimensional magnetohydrodynamical large eddy simu-
lation of solar surface convection using realistic model physics is conducted.
The effects of magnetic fields on thermal structure of convective motions into
radiative layers ,the range of convection cell sizes and penetration depths of
convection is investigated. We study upper layers of the convection zone, a re-
gion extending 30 x 30 Mm horizontally from 0 Mm down to 18 Mm below the
visible surface . Equations of compressible radiation nonideal magnetohydrody-
namics with taking into account dynamical viscosity and gravity are solved. In
simulation we use : 1)realistic initial model of Sun and equation of state and
opacities of stellar matter, 2) high order conservative TVD scheme for solution
equations magnetohydrodynamics, 3) diffusion approximation for solution ra-
diative transfer, 4) calculation dynamical viscosity from subgrid scale modelling.
Simulations are conducted on horizontal uniform grid of 320 x 320 and with 144
nonuniformly spaced vertical grid points on the 128 processors of supercomputer
with distributed memory multiprocessors.
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Abstract: We analyzed intensity and velocity oscillations in magnetic net-
work using high-resolution 2D spectral scan images from Interferometric Bidi-
mensional Spectrometer (IBIS). In photosphere, oscillations in intensity and
velocity in 2-5.2 mHz band shows reduced amplitude while at higher frequen-
cies 5.2-7.0 mHz and 7.3-25.8 mHz band oscillations amplitude inhance in line
core intensity and shows reduced amplitude in line core velocity however in
chromosphere the oscillations have different character, we found higher power
in 2-5.2 mHz, 5.2-7.0 mHz and 7.3-25.8 mHz band in core velocity compared to
core intensity. Amplitude variation with height is also inferred from our anal-
ysis. These findings are manifestation of high frequencies halos around strong
flux concentrations (pores) in intermediate field strength network and mode
conversion of solar p-modes in magnetic fields.
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Abstract: By use of a Stokes profile synthesizing radative transfer code
(”STOPRO”, Frutiger et al. 2000), a study of helioseismic Doppler measure-
ments is made focussing on the effects of line shape changes caused by the
Zeeman effect as well as by broadening due to large velocity amplitudes. The
spectral lines used are Ni I (6768 A), Fe II (6173 A) and magnetically insensitive
Fe I (5576 A). A 2-d MHD simulation of waves over a spreading magnetic ge-
ometry (Hasan et al. 2005) is used as input. The output returned by MDI-like
Doppler measurement algorithms, as well as by the center of gravity (COG)
method, are compared with an appropriately height averaged (by use spectral
response functions) input simulations. We show that the Zeeman split and
broadened line profiles could cause the Doppler measurement algorithms to in-
troduce shifts in the phase evolution of (magneto)-acoustic waves. These phase
shifts show a dependence on the field strength, and also on the inclination of
the field vector to the line of sight. Consequently, the phase shifts depend on
the polarization states (linear or circular) used for measurements. We also show
results from calculations based on oscillations superposed on a Maltby model
of sunspot atmosphere with a simplified construction of spreading field geome-
try and field strengths: pressure balance with a quiet Sun atmosphere and and
an empirically known run of Wilson depression across a sunspot. We discuss
the possible connections between the present source of acoustic showerglass and
that has been studied in the context of wave propagation in inclined magnetic
fields using helioseismic holographic measurements. We discuss the implications
of these results to the local helioseismic study of sunspots.
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Abstract: Measurements of travel times of atmospheric magneto-acoustic-
gravity waves are a new tool to understanding the solar atmosphere. Using this
tool requires an understanding of how the parameters in the model used to de-
scribe the observations, in particular phase and group travel time, as well as
fit frequency width and amplitudes, are sensitive to different wave conditions
in the atmosphere. We present the results from forward models and compare
these results with those from the analysis of the Magneto Optical Filter at Two
Heights (MOTH) data obtained at the South Pole in 2003.
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Abstract: Recently, during the decline of solar cycle 23, new quakes were
observed in association with solar flares on 2003 October 28 and 29 in active
region NOAA 10486 using helioseismic holography (Donea and Lindsey, 2005).
5 seismic sources were found in these flares that are well co-aligned with hard X-
ray emission. The observations suggest a direct link between energetic particles
accelerated in these three flares and the acoustic waves generated by them.
The fact that all the seismic flares occur near solar minimum suggests that the
lack of seismic waves during solar maximum may be explained by obscuration
of the seismic signals by a ’boiling’ solar atmosphere. We investigate the new
seismic sources using the time-distance method developed by Kosovichev and
Zharkova (1998) and report recognisable ridges of 3 seismic waves in the flare
28 October 2003. The extracted start times and momenta are compared with
the accelerated electron and proton parameters extracted from the hard X-ray
and gamma-ray observations from the INTEGRAL, CORONAS and RHESSI
satellites.
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Abstract: It is widely accepted that solar g-modes have lifetimes much
longer that the duration of current observations. Under these circumstances,
complex data analysis techniques are unlikely to add significantly to the basic
method of searching for notable spectrum peaks in the Fourier transform of the
longest duration observations available. However, this argument does not take
account of the possibility that the cavity resonating might change its frequency
with time, for example as a result of solar cycle modulation or other temporal
changes. Whilst such variations are theoretically unpredicted, it remains true
that extremely small changes in resonant frequencies could be sufficient to spread
a g-mode energy peak over several bins in the spectrum and thus render it
undetectable. We are examining a number of techniques for recovering this
dispersed energy in a search for g-modes resonances based upon the GOLF
data set. We will present our latest results from this search.
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Abstract: Local helioseismic analysis of Dopplergrams allows investiga-
tion of the subsurface flows of the Sun with depth. However, the determination
of flows and the interpretation would be more reliable if results from indepen-
dent sets of contemporaneous data agree with one another.To test the reliability
of results, we compare subsurface flows obtained from data sets of Global Os-
cillation Network Group (GONG) and Magneto Optical Filters at Two Heights
(MOTH) experiment. The GONG data is obtained through observations of Ni
I 676.8 nm line while the MOTH experiment consists of observations of two
spectral lines, K I 769.9 nm and Na I D2 589.0 nm and thus corresponds to
different heights in the solar atmosphere. In this analysis, we use ring-diagram
and inversion techniques to determine sensitivity of solar subsurface flow to the
choice of the spectral Line.
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