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Programme Overview

\ Theatre

Classroom

| Sunday || 19:00 — 21:00] Arrival and Registration
Monday 09:00 — 09:25 Registration
09:25 — 09:30] Welcome and Introduction
09:30 — 11:00| Solar observations: From the interior to heliosphere
11:00-11:30 Coffe break and poster session
11:30 — 13:00| Solar observations: From the interior to heliosphere
13:00 — 14:30 Lunch
14:30 - 16:30 Summer School
16:30—17:00 Coffee break
17:00 — 19:00 Summer School
19:00 Joint Icebreaker UKU SPSS/TASS
Tuesday 09:00 — 11:00[ Numerical simulations in the solar and astrophysical
plasmas
11:00-11:30 Coffee break and poster session
11:30 — 13:00| Space Science
13:00 — 14:30 Lunch
14:30 — 16:30 Summer School
16:30—17:00 Coffee break
17:00 — 19:00 Summer School
Wednesday|| 09:00 — 10:30| Analytical theory of waves in magnetised plasma
10:30 — 18:00 Excursion
Thursday || 09:00 — 11:00{ Space Science
11:00-11:30 Coffee break and poster session
11:30 — 13:00| Solar observations: From the interior to heliosphere
13:00 — 14:30 Lunch
14:30 — 16:30 Summer School
16:30—17:00 Coffee break
17:00 — 19:00 Summer School
19:00 Joint Dinner UKU SPSS/TASS
Friday 09:00 — 11:00| Space Science
11:00-11:30 Coffee break and poster session
11:30 — 12:00| Space Science/Solar observations
12:00 — 12:10{ Meeting/Summer School Closing

UKU SPSS/TASS 2011




SUNDAY, August 28, 2011

19:00-21:00 Arrival and Registration
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MONDAY, August 29, 2011

09:00-09:25 Registration
09:25-09:30 Welcome and IntroductionTheatre)
09:30-11:00 Solar observations: From the interior to helisphere(Theatre)Chair: Erdélyi R.

09:30-10:1Marcel Goossenslnigo Arregui, Roberto Soler and Jaume Terradas Coronal
seismology using standing and propagating MHD waves @dyit

10:10-10:306ven Wedemeyer-Bhm Swirl events in the solar chromosphere
10:30-10:5Maria Jesus Martinez Gonzalezand Elena Khomenko Puzzling magnetic field
oscillations found in the quiet Sun

10:50-11:0Miscussion

11:00-11:30 Coffe break and poster session

Nina Kondrashova and Elena Khomenko Temporal Variations in PhotospheriarRaters During
a Small Solar X-Ray Burst

Margarita Pasechnik, Nina Kondrashova and Svetlana Chornogor Lower Atmospbgramics
Of The New-Cycle Active Region NOAA 11024

Roman Kostik Convective and wave motions in thermal plume

Dilyara Baklanova, Sergei Plachinda, D Mkrtichian, | Han and K.-M. Kim Gendvidgnetic Field
on weakly-active yellow giant Geminorum

Yuriy Tsap and E Isaeva Type Il Radio Bursts and the solar proton aati&arby the
interplanetary shock waves

11:30-13:00 Solar observations: From the interior to helisphere(Theatre) Chair: Kostik R.

11:30-11:5Nataliya Shchukinaand Javier Trujillo Bueno Magnetization of the quiet sun
photosphere from the Hanle effect and surface dynamo siionga

11:50-12:10Andr és Asensio RamosVhich model is suited for my spectro-polarimetric
observations?

12:10-12:3QAlexander Kryshtal, Svitlana Gerasimenko and Anna Voytsekhovska Small-scale
kinetic instabilities of low-frequency waves in preflaragina of the chromosphere of solar active
region.

12:30-12:50vuriy Tsap, Alexander Stepanov and Yulia Kopylova Hinode Observatiand MHD
Waves in the Solar Photosphere

12:50-13:0Miscussion

13:00-14:30 Lunch

14:30-16:30 Summer SchodIClassroom)
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MONDAY, August 29, 2011

14:30-15:3(Robertus Erdélyi MHD waves and oscillations in the solar atmosphere
15:30-16:3Eduard Kontar Wave and particle interaction in heliophysics

16:30-17:00 Coffee break
17:00-19:00 Summer Schod|Classroom)

17:00-18:0(Michael Balikhin How can advanced data analysis methods teach us about gghysic
18:00-19:00t1utorial for All TASS Lecturers of the day

19:00 Joint Icebreaker UKU SPSS/TASS

8 UKU SPSS/TASS 2011



TUESDAY, August 30, 2011

09:00-11:00 Numerical simulations in the solar and astropysical plasmag(Theatre)Chair: Hood A.

09:00-09:4CEamon Scullion, L Rouppe van der Voort, J de la Cruz Rodriguez, Viktor Feduth a
Robertus Erdélyi Chromospheric Swirls: What is the respant the solar corona? (Invited)
09:40-10:0CElena Khomenkoand Manuel Collados Partial lonization Effects in the Solar
Photosphere and Chromosphere

10:00-10:2C5ergiy ShelyagMultiwavelength radiative diagnostics of high-resolatiglHD
simulations of solar photosphere

10:20-10:40viktor Fedun and Robertus Erdélyi 3D Numerical Simulation of TorsioA#l/en
Waves

10:40-11:0Miscussion
11:00-11:30 Coffee break and poster session

Varvara Butkovskaya On mystery of solar and stellar magnetic fields measuredfereit lines
Shervin Ziaei ldentification Methods of Magnetic Bright Points

Igor Kremenetsky, Oleksiy Agapitov and Nikolai Salnikov Quasi-periodic oot of the Earth
dayside magnetopause

Chris Nelson, Robertus Erdélyi and A Hague Relationship of P1/P2 foriagtwvith non-uniform
density

Nikolai Salnikov and Igor Kremenetsky Dst-index forecasting using an adapivo-level model
adjustment

11:30-13:00 Space Scienc¢&heatre) Chair: Balikhin M.

11:30-11:5anny SummersRapid acceleration of charged particles by nonlinear waamping

in the magnetosphere and cosmic plasmas

11:50-12:1(Natalia Beloff, Alexander Karpachev and Pavel Denisenko Characteribtleeo
Traveling lonospheric Disturbances from the Multi-Satieland Ground-Based Observations
12:10-12:300leg Cheremnykhand Aleksei Parnowski ULF MHD Perturbations in the Inner
Magnetosphere of the Earth: Theoretical Study

12:30-12:50vladimir S. Mikhailenko , Vladimir V. Mikhailenko, Nikolay A. Azarenkov, Dmitry

V. Chibisov and Konstantin N. Stepanov lon cyclotron tudmde of plasma shear flows and related
anomalous transport

12:50-13:0Miscussion

13:00-14:30 Lunch

14:30-16:30 Summer SchodClassroom)
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TUESDAY, August 30, 2011

14:30-15:30Alan Hood MHD waves and instabilities: Numerical modelling

15:30-16:3MMichael Kenneth Griffiths Implementation of Magnetohydrodynamic codes for
gravitationally stratified media on hybrid and highly pébgjraphical processing units

16:30-17:00 Coffee break
17:00-19:00 Summer SchodIClassroom)

17:00-18:00vuriy Voitenko From MHD waves via kinetic waves toward plasma energization
18:00-19:00t1utorial for All TASS Lecturers of the day
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WEDNESDAY, August 31, 2011

09:00-10:30 Analytical theory of waves in magnetised plasa(Theatre) Chair: Fedun V.

09:00-09:40Gary Verth Solar Magnetoseismology (Invited)

09:40-10:00vevgen Kravets Alan Cairns, Bernhard Ersfeld, Adam Noble and JaroszyDako
High energy laser pulse propagation in plasma: photon ea&n and self focusing effects.
10:00-10:208Amy Scott and Michael S. Ruderman Kink Oscillations of Non-Planarddait Loops
10:20Discussion

10:30-18:00 Excursion

UKU SPSS/TASS 2011 11



THURSDAY, September 1, 2011

09:00-11:00 Space Sciend&heatre) Chair: Mathioudakis M.

09:00-09:40QJohan De Keyser Yuriy Voitenko, Marius Echim and Romain Maggiolo Electiatsc
Aurora and Waves (Invited)

09:40-10:00vuriy Voitenko , Johan De Keyser and Padma Shukla Inertial Alfven waves and
turbulence in solar and space plasmas

10:00-10:20Galina Korotova and David Sibeck THEMIS observations of a transient evetiieat
magnetopause

10:20-10:400leksiy Agapitov and Oleg Cheremnykh MHD modes coupling in the Earth
magnetosphere

10:40-11:0Miscussion
11:00-11:30 Coffee break and poster session

Valentyn Bovchaliuk and Oleksiy Agapitov Source of the periodic perturbatiothi Solar wind
plasma

Aleksei ParnowskiRegression modelling of space weather
Oleh SemeniviLearning and evolutionary algorithms for space weathediptiag and modelling

Sergei SyusyuckaloyViacheslav Pilipenko and S Klimanov Wavelet localizatadrthe substorm
onset using the ground magnetometer array

Andriy Woschepynetsand Oleksiy Agapitov The chorus source structure in therinne
magnetosphere

11:30-13:00 Solar observations: From the interior to helisphere(Theatre)Chair: Voitenko Yu.

11:30-11:50Manuel Collados Observational capabilities of the European Solar Telescop

11:50-12:1CEduard Kontar , lain Hannah and Nicolas Bian Electron acceleration andeiag
fluctuations in solar flares

12:10-12:30stvan Ballai P1/P2 seismology of coronal loops (Invited)

12:30-12:40Adam Stanier, Philippa Browning and S Dalla Particle acceleration at paints in
self-consistent spine and fan reconnection models

12:40-12:5(Michael Bareford, Philippa Browning and Ronald Van der Linden The Energy
Liberated, via Ideal Kink Instability, from an Ensemble sblated and Current-neutralised Coronal
Loops

12:50-13:0Miscussion

13:00-14:30 Lunch

14:30-16:30 Summer SchodIClassroom)
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THURSDAY, September 1, 2011

14:30-15:3MMichael Ruderman Nonlinear waves in the solar atmosphere

15:30-16:3MMichail Mathioudakis Ground-based instrumentation and techniques of detecting
MHD waves and instabilities

16:30-17:00 Coffee break
17:00-19:00 Summer SchodClassroom)

17:00-18:0QJames McLaughlin Oscillatory Reconnection : Unification of Magnetic
Reconnection and MHD Waves

18:00-19:00rutorial for All TASS Lecturers of the day

19:00 Joint Dinner UKU SPSS/TASS

UKU SPSS/TASS 2011 13



FRIDAY, September 2, 2011

09:00-11:00 Space Sciend&heatre) Chair: Kontar. E.

09:00-09:40vIadimir Krasnoselskikh , D Sundkvist, S Schwartz, Michael Balikhin and V Lobzin
High Mach Number Collisionless Shocks : Cluster Discovg(lavited)

09:40-10:0Hugo Breuillard, Y Zaliznyak, Oleksiy Agapitov, Vladimir Krasnoselskikimé G
Rolland Reconstruction of Chorus Type Whistler Wave Stiatisn the Radiation Belts and Inner
Magnetosphere Using Ray Tracing

10:00-10:2QAlexander Volokitin and C Krafft Interaction of suprathermal particle fluxestwit
waves in magnetized plasma

10:20-10:40vuri Khotyaintsev, Vladimir Krasnoselskikh, Oleksiy Agapitov and G Rolland
Remote sensing of plasma fluctuations structure by mean&Bfwaves spacecraft interferometry
10:40-10:5leksandr Goncharov, Jana Safrankova and Zdenek Nemecek The Role of the
Interplanetary Shock Orientation on Interaction with tr@wBShock and Magnetopause
10:50-11:0Discussion

11:00-11:30 Coffee break and poster session

Yuriy Rapoport, Yu Selivanov, Vasyl Ivchenko, V Grimalsky, Viktor Fedunda@ Milinevsky
Oscillations of neutral and charged components of neahEdasma and effects of active media

Sergey Cheremnykhand Vitaliy Yatsenko Geomagnetic Dst Index Forecast Baselillmear
Models and Nonlinear Filtering Techniques

Kristina Melikyan , Viacheslav Pilipenko and Olga Kozyreva Spatial strucafrdLF waves in the
near-Earth space according to Themis observations

Nikolay Pankov, Sergei Plachinda and Dilyara Baklanova General Magnégid f the Sun as a
Star: variability of the frequency spectrum from cycle tcley

S FedulovaEffect of weak electromagnetic fields of magnitude of ordegemmagnetic pulsations
on the formation of GABA-ergic inhibitory synapses in cuétd hippocampal neurons.

11:30-12:00 Space Science/Solar observatiofiheatre) Chair: Cheremnych O.

11:30-11:50vitaliy Yatsenko Nonlinear Dynamics of Space Weather: Predictability, Lyaqp/
Exponents and Applications

11:50-12:005tuart Hardwick , A Breen, M Bisi, R Fallows, J Davies, R Harrison and C DaviS IP
Observations of Rapid Velocity Variations In the Slow Saéind

12:00-12:10 Meeting/Summer School Closin@heatre)
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ABSTRACTS



Solar observations: From the interior to heliosphere Monday, August 29

Solar observations: From the interior to heliosphere

Coronal seismology using standing and propagating MHD waw (In-
vited)

Marcel Goossents Inigo Arregu?, Roberto Solefand Jaume Terradds

IK.U.Leuven, Leuven, Belgiumyar cel . Goossens@u s. kul euven. be
2Universitat de les llles Balears, Palma de Mallorca, Sgaim;go. arr egui @i b. es
3K.U.Leuven, Leuven, Belgiunt;obert 0. sol er @v s. kul euven. be

4Universitat de les llles Balears, Palma de Mallorca, Sgasune. t er r adas @i b. es

| shall review recent results on the resonant absorptioraoiding and propagating MHD waves in
the solar atmosphere and the possible use of these resshgsawlogical tools.

Swirl events in the solar chromosphere

Sven WedemeyeidBm

University of Oslo, Oslo, Norwaysvenwe@st r 0. ui 0. no

So-called swirl events were first detected by observing thernosphere in a coronal hole region
in the line core of the Ca Il line at 854.2 nm. Swirls appearatating Doppler-shifted thin ring
fragments with diameters on the order of 2 arcsec above glmags of photospheric bright points.
The magnetic footpoints are buffeted by the convective flowthe low photosphere, which most
likely induces twisting and braiding of the magnetic fieldtle chromosphere above. New three-
dimensional radiation magnetohydrodynamic simulatioxisitet events resembling the observed
swirls. The simulated swirls develop abundantly from atialy weak magnetic field. First results
of these computationally involved simulations will be me®d and analyzed with respect to their
implications for the heating of the upper solar atmosph&rese small-scale events are potentially
important building blocks of the solar atmosphere that @éqarovide an efficient way to channel
energy from the photosphere into the upper atmosphere.
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Monday, August 29 Solar observations: From the interior to heliosphere

Puzzling magnetic field oscillations found in the quiet Sun

Maria Jesus Martinez Gonzaleand Elena Khomenko

Instituto de Astrofisica de Canarias, La Laguna (Tener8ggin
lvari an@ ac. es
2khomenko@ ac. es

| report on the discovery of a new type of oscillatory behaviof weak magnetic patches all over
the quiet Sun. These oscillations are not asociated totézhlanonolithic magnetic structures, but
rather to a continuous distribution of magnetic fields whegalution is largely determined by the
turbulent plasma motions. | will show that the area of pasckept at constant magnetic flux in a
magnetogram oscillates with time, which implies that theynadic field oscillates too. The periods
of these oscillations are 3-11 minutes, but they may chamhgepty in the course of the time
series, which suggests that they might not correspond t@cteaistic oscillatory modes of magnetic
structures, but to the forcing by granular motions. In ondi@aar instance, three patches around
the same granule oscillating in phase, which means thatptias coherence of these oscillations
can reach 1600 km. Interestingly, the same kind of osciljgdhenomenon is found also in the upper
photosphere, suggesting wave propagation.

18 UKU SPSS/TASS 2011
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Coffe break and poster session Monday, August 29

Coffe break and poster session

Temporal Variations in Photospheric Parameters During a Snall Solar
X-Ray Burst

Nina Kondrashovaand Elena KhomenKo

IMain Astronomical Observatory, NASU, Kyiv, Ukrainepndr @mao. ki ev. ua
2Instituto de Astrofisica de Canarias, La Laguna (Tener8ggin:khonenko@ ac. es

We present the results of the study of the thermodynamicalnpeters and the magnetic field in
the solar photosphere during a weak soft X-ray burst on 4 20809. The analysis is based on
the observations with the French-Italian THEMIS teles¢am@erated on the island of Tenerife in
the Spani Observatorio del Teide of the Instituto de Asticdisle Canarias, in the MRT multi-line
spectropolarimetric mode. The high-resolution Stokes,IUQand V profiles of ten photospheric
lines are used for the modeling. Semiempirical models aravete from the inversion with SIR
(Stokes Inversion based on Response functions) code,lieddry Ruiz Cobo and del Toro Iniesta
(Astrophys. J. 398, 975, 1992). The models include two camapts: a thin magnetic flux tube and
nonmagnetic surroundings. The filling factor obtained ftbminversion is about 10%. The temporal
variations in all photospheric parameters are revealeshgltine burst. The magnetic field strength
increased from 800 to 1200 G during the onset phase of the Qs inferred flux-tube models show
the temperature enhancement in the photospheric layaits/esto the quiet-Sun model atmosphere
at the onset of the burst. The temperature inhomogeneitgeand in the inferred atmosphere at
the end of the burst.
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Monday, August 29 Coffe break and poster session

Lower Atmosphere Dynamics Of The New-Cycle Active Region NBA
11024

Margarita Pasechnik Nina Kondrashovhand Svetlana Chornogor

Main Astronomical Observatory, NASU, Kyiv, Ukraine
Irita@rmao. ki ev. ua

2kondr @mo. ki ev. ua

3chor nog@mo. ki ev. ua

We analyze the variations of the line-of-sight velocitydi@il the chromosphere and the photosphere
of the active region NOAA 11024, at the new solar activity leyanset phase. The simultaneous
multi-wavelength observations were carried out by E. V. iKleako with the French-Italian THEMIS
telescope of the Instituto de Astrofisica de Canarias, oryd2l09. We use one of the time series
of the high resolution spectra over 20 minutes under gooshgem®nditions, obtained in the H al-
pha line and the Fel 630135 6302.5A, 6303.7Alines, and the Til 6303 Aline. The spectrograph
slit intersected two sunspots 9472; large and small, andptages 9472; active and quiet. We re-
vealed strong velocity temporal variations in the chronhesp and in a wide interval of photospheric
heights for different active objects. The physical state thie velocity field structure of the active re-
gion in the lower atmosphere layers were very unstable duhia observations. The chromospheric
matter motions with the velocity -811 km/s are observed in the large spot9lkm/s in the small
spot, -19-18 km/s in the active plage, <5 km/s in the quiet plage. The large negative velocities
are associated with the surges. At all the photospheridddtie upward motions are found with
the velocities up to -0.8 km/s, -3 km/s, -2 km/s, and -1 kméspectively. We analyzed the space
telescopes GOES, SOHO, STEREO data as well. During our aigmrs the B1 class soft X-ray
burst was recorded by GOES. The EUV-images and the H alpbarspshow the expansion of the
heated plasma along the loops. All the data indicate thesalelationship of the detected velocity
variations with the physical processes in the corona.
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Coffe break and poster session Monday, August 29

Convective and wave motions in thermal plume

Roman Kostik

Main Astronomical Observatory, NASU, Kyiv, Ukrainkpst i k@rao. ki ev. ua

We analyze wave and flow motions, thermal structure and qttaperties of a so-called "thermal
plume” which we observed with the VTT (Tenerife) in August020 The time series of spectral
images with a total duration of about 158 minutes were aequin the two Fel and Fell iron lines
simultaneously. The observations revealed a rather stedere which has been detected during the
whole period of observations. The size of this feature akbiegslit was 2000-2500 km. The plume
shows a compact brightnening in comparison with the nearbguation. At heights around 200
km, its intensity contrast is a factor of two larger than tbhthe surrounding area while reaching
a factor of 4 at heights near 500 km. The following propertibaracterize the feature during the
whole period of the observations:

1. The high-speed downflow of 1 km/s had been seen at the contifievel. At higher photospheric
layers upward flows had been observed with the modulus ofdloeity increasing with height. The
sign change of the velocity occurs at about 170 km.

2. The velocity-intensity correlation does not exceed @R8Il observed heights from 0 km up to
500 km.

3. The amplitudes of the five-minute oscillations of the msiey and velocity are twice lower than
outside the plume.

4. There is a large difference between spectral line asymynobserved in the plume and quiet re-
gions.

We conclude that the observed phenomenon has a non-carvedtjin. The thermodynamic prop-
erties of the atmosphere where the plume occured have beevered from the observed profiles
using the SIR inversion code. We used the spatially averpg#des of granules, intergranular lanes
and the plume in the inversion. The plume is found to be hattermore dense than the quiet Sun at
almost all heights in the photosphere. The average madiedtids non-zero in the plume. It can be
around 400 G. The decrease of the amplitudes of oscillattanshe attributed to the larger density
and the stronger magnetic field in comparison with the smdg atmosphere.
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Monday, August 29 Coffe break and poster session

General Magnetic Field on weakly-active yellow giant? Geminorum

Dilyara Baklanova, Sergei Plachindg D Mkrtichiar?, | Han* and K.-M.
Kim®

ISRI Crimean Astrophysical Observatory, Nauchny, Ukradtid;yar a31@mi | . ru
2SRI Crimean Astrophysical Observatory , Nauchny, Ukrapsd; 1951@ai | . ru
3SRI Crimean Astrophysical Observatory , Nauchny, Ukraine;

4Korea Astronomy and Space Science Institute, Korea;

®Korea Astronomy and Space Science Institute, Korea;

Pollux is a neighbor of the Sun with known regular surface medig field about 1 Gauss. Together
with the spectropolarimetric observations®Gem, which were carried out during 10 nights 2010
at the Crimean Astrophysical Observatory using coudétspgaph of 2.6-meter Shajn telescope
and Stokesmeter, we also used spectropolarimetric olte@rsawhich were obtained at Bohyunsan
Optical Astronomy Observatory with 1.8-meter telescope ligh-resolution échelle spectrograph
BOES during 4 nights 2007. In addition we used precise ragilicity literature data. Analysis

of the periodic behavior of magnetic field and radial velesitwas performed. The radial velocity
measurements of Pollux show variations with period 5928 ahue to the planetary companion.
Using magnetic field data we estimated the axial rotatioiodesf the Pollux of 491.5 days. The

centered dipole gives the angle between spin axis and lisgbf: = 31° and the angle between

both the spin and dipole ax¢s= 133°.
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Coffe break and poster session Monday, August 29

Type Il Radio Bursts and the solar proton acceleration by theinterplan-
etary shock waves

Yuriy Tsap and E Isaeva

SRI Crimean Astrophysical Observatory, Nauchny, Ukraine
lyur @r ao. cri nmea. ua
2j saeva-l n@mil .ru

The correlation between the meter and the decameter-hetgonype 1l bursts with the solar ener-
getic particle events based on observations with the Raoliar Selescope Network and the Wind
satellite in 1989-2005 has been considered. Analysis dTheplar energetic particle events showed
that the correlation coefficient between the proton fluxrisily and the frequency drift velocity for
the type Il radio bursts does not exceed 0.40. The proton filiexsity increases with an increase of
the frequency drift velocity for the meter bursts while icdeases for decameter-hectometer bursts.
The efficiency both the diffusive shock acceleration andstieck-drift mechanism increases with an
increase of the Mach number, which is proportional to thguesncy drift velocity of the type Il ra-
dio bursts. Comparison of experimental and theoreticallt®suggests that the interplanetary shock
waves as distinguished from the coronal ones do not effdgtaccelerate solar energetic protons.
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Monday, August 29 Solar observations: From the interior to heliosphere

Solar observations: From the interior to heliosphere

Magnetization of the quiet sun photosphere from the Hanle déct and
surface dynamo simulations

Nataliya Shchukinaand Javier Trujillo Buen®

IMain Astronomical Observatory, NASU, Kyiv, Ukrainehchuki n@mao. ki ev. ua
2Instituto de Astrofisica de Canarias, La Laguna (Tener8ggin;j t b@ ac. es

We have solved the radiative transfer problem of resonantaipation and the Hanle effect of the
Sr14607Aline in a 3D model of the quiet solar photosphere resultimgnf the magneto-convection
simulations with surface dynamo action of Vogler & Schéis$2007). We find that the level of
magnetic activity in their surface dynamo model is too lowdgplaining the scattering polarization
observations of the Sr | 468fine. The observed linear polarization amplitudes can @atned
after multiplying each grid-point magnetic strength by alisiy factor F~ 12 which implies~ 130
G in the upper photosphere. We also argue that in order taiexbbth the Hanle depolarization of
the Sr | 460Aline and the Zeeman signals observed in Fe | lines, we neattrtiduce a height-
dependent scaling factor, such that the ensairtp0 G in the low photosphere antd130 G in the
upper photosphere.

Which model is suited for my spectro-polarimetric observatons?

Andrés Asensio Ramos

Instituto de Astrofisica de Canarias, La Laguna (TenerBprin;aasensi o@ ac. es

The selection of a model for the inversion of Stokes profigetypically done based on subjective
reasons. In this talk | present the application of Bayesiadehcomparison techniques for deciding
which is the model best suited to the observations. The Bayegpproach correctly balances the
complexity of the model with the amount of information pneisen the observations.
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Solar observations: From the interior to heliosphere Monday, August 29

Small-scale kinetic instabilities of low-frequency wavesin preflare
plasma of the chromosphere of solar active region.

Alexander Kryshtdl Svitlana Gerasimenkand Anna Voytsekhovska

Main Astronomical Observatory, NASU, Kyiv, Ukraine
'krysht al @mo. ki ev. ua

2ger as@rmo. ki ev. ua

3annavoy@mo. ki ev. ua

The process of the small-scall kinetic instabilities rind development for the low-frequency plasma
waves has been studied for the preflare chromospheric plasarahe foot-point of flare loop, - in
the area of relatively weak "mixed” magnetic fields. Subckeielectric field in a loop as well as
spatial inhomogeneity of plasma temperature and density haen considered as the main drivers
of these instabilities. It has been shown that developmktiitese instabilities is the main reason of
generation of kinetic Alfvén waves and kinetic ion-acoustaves well before the beginning of the
"preheating phase” of the flare process in the atmospheralaf active region.
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Monday, August 29 Solar observations: From the interior to heliosphere

Hinode Observations and MHD Waves in the Solar Photosphere

Yuriy Tsap, Alexander Stepandand Yulia Kopylova

ISRI Crimean Astrophysical Observatory, Nauchny, Ukrayne; @r ao. cri mea. ua
2Central Astronomical Observatory at Pulkovo, Saint-Rtery, Russia;

st epanov@ao. spb. ru

3Central Astronomical Observatory at Pulkovo, Saint-Réierg, Russiayul i a00@rai | . r u

The origin of the quasi-periodical photospheric pulsatiofithe line-of-sight magnetic field, the line-
of-sight velocity, and the intensity with periods of 3-6 af® min revealed with the SOT/Hinode
space telescope in the pores and in the intergranular meghements, respectively, is considered.
Following Fujimura and Tsuneta (ApJ, 2009, 702, 1443) tipedsations are connected with the ex-
citation of the magnetohydrodynamic oscillations in thegnetic flux tubes by convective motions.
The phase relations between disturbed variables in theafdke excitation of the slow magnetoa-
coustic waves with regard to the gravitational force ardyaeal. As distinguished from Fujimura
and Tsuneta (2009) it has been shown that observed pulsat@mbe caused by the generation of
the resonance evanescent waves rather than the formatitie standing ones. Consequences of
obtained results are discussed.
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Summer School Monday, August 29

Summer School
MHD waves and oscillations in the solar atmosphere

Robertus Erélyi

The University of Sheffield, Sheffield, United Kingdomgober t us@hef fi el d. ac. uk

Recent solar and space satellite missions (e.g. SOHO, , T&AdEREO, Hinode, SDO) and high-
resolution ground-based observations (e.g. COMP at thediStvéSolar Telescope, Dutch Open
Telescope, ROSA & IBIS at Dunn Solar Telescope) have opemed avenues for 21st century
plasma astro-physics. With unprecedented details a vehyaind abundant structure of the solar
atmosphere is now unveiled from tiny magnetic bright potottarge cross-equatorial loops. Rev-
olutionary observations clearly confirmed the existenag @niquitous abundance of MHD waves
and oscillations in a wide range of solar atmospheric magsetctures. The first objectives of this
review is to give an up-to-date account of the observatitindlngs of MHD waves and oscillations
in the solar atmosphere.

Parallel to the impressive observational developmentshibery of MHD waves and oscillations in
solar and astrophysical magnetic waveguides has also taleap in recent years. Since magnetic
structuring acts as excellent waveguide, plasma waves scitlations are able to propagate and
form in these structures. The second objective of my leaitltebe to introduce the students to the
theory of MHD waves and oscillations. We will briefly intracii the linear theory of MHD waves
and oscillations in a range of geometries, including magreirfaces, slabs and cylinders. The
complexity introduced by the waveguide stratification,amtogeneity, geometry, non-ideal effects
and the dynamic nature of the waveguide will be addressed.

Observations and theoretical modelling of waves can peoexkcellent diagnostic tools about the
state of the magnetised solar plasma. Key examples of theusatypes of MHD waves and os-
cillations will be discussed in details both from obsemaél and theoretical perspectives and the
novel concept of solar magneto-seismology will be covelde: lecture will also contain a few short
exercises in order to highlight the important and subtlesodf the applications of solar MHD wave
and oscillation theory.
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Wave and particle interaction in heliophysics

Eduard Kontar

University of Glasgow, Glasgow, United Kingdomduar d@str o. gl a. ac. uk

All solar transient phenomena is accompanied by a large rumibdramatic phenomena often re-
lated to wave-particle phenomena. The theoretical basibigb frequency plasma oscillations and
their role in the remote sensing of various heliosphere pimama including shocks, energetic parti-
cles, etc will be overviewed. The interactions between wara energetic particles will be briefly

summarized. The basic physics discussion will be complésddny recent observational results and
methods using data from various space and ground basednmesits.
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Summer School
How can advanced data analysis methods teach us about physik

Michael Balikhin

The University of Sheffield, Sheffield, United Kingdom; bal i khi n@mai | . com

There are many examples of complex dynamical systems farhaduir present level of knowledge
lacks the details required to describe the system using agtaral model derived from first princi-
ples. The fields of biology and medicine provide many obvicases of complex nonlinear systems,
for example the functioning of the brain of any living cre&tu Although the terrestrial magneto-
sphere is not quite as complex as many biological systemsarevestill far from the situation in
which we can derive the ultimate mathematical relation gfoserns its evolution under the influence
of the solar wind.

Data based identification of nonlinear processes that dndhiese complex dynamical systems can
help to develop analytical models. Identification of noaéin processes based on Volterra decom-
position and its application to experimental studies otspalasma turbulence and magnetospheric
dynamic will be reviewed.
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Tuesday, August 30 Numerical simulations in the solar and astrophysical pksm

Numerical simulations in the solar and astrophysical
plasmas

Chromospheric Swirls: What is the response of the solar conoa? (In-
vited)

Eamon Scullioh L Rouppe van der Vodrtd de la Cruz Rodriguéz Viktor
Fedurt and Robertus Erely

LUniversity of Oslo, Oslo, Norwayeanonns @st r 0. ui 0. no

2University of Oslo, Oslo, Norway. d. v. | . r ouppe@st r o. ui 0. no

3University of Oslo, Oslo, Norwayj; ai me@st r o. ui 0. no

4The University of Sheffield, Sheffield, United kingdom;f edun@hef fi el d. ac. uk
>The University of Sheffield, Sheffield, United kingdomgber t us@hef fi el d. ac. uk

Recently discovered, and highly abundant, chromosphetiitssmay play an important role in chan-
nelling magnetic energy and plasma from the solar surfategior towards the hot outer solar corona.
Spatially confined swirl events where first detected (2009é& chromospheric Ca-Il 854.2nm spec-
tral line with the 1-m Swedish Solar telescope (SST). Thed@racteristic vortex motions are thought
to be driven by the build up of magnetic tension in the intengtar magnetic flux concentrations.
But we still do not understand (both observationally and eroally) what is the response of the
corona to these chromospheric swirls? Is there sufficieatggnflux in the swirls to heat the outer
atmosphere and contribute to the coronal heating? Here @sept follow up observations (Ca-ll
854.2nm andH,, (656.3nm) spectral line scans) of chromospheric swirllEerved with SST /
CRISP (Crisp Imaging Spectro-polarimeter: 0.06 arcsetiadpasolution inH,, 15 s cadence) in
May 2011. We successfully co-align these observations thighSDO/AIA (Solar Dynamics Ob-
servatory: 0.6 arcsec spatial resolution) field-of-vieweading the corona counterpart of swirls.
Furthermore, we present supporting 3D numerical simuiatiaf swirl formation using a fully non-
linear MHD code (SAC: Sheffield Advanced Code), in order testigate wave propagation (driven
by photospheric granulation) and transmission throughctitemosphere and into the corona. As
a result, we address an important piece of the puzzle regastilar swirls and, hence, further our
understanding of how small-scale processes couple intm#gmetized corona.
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Numerical simulations in the solar and astrophysical psm Tuesday, August 30

Partial lonization Effects in the Solar Photosphere and Chomosphere

Elena Khomenkoand Manuel Collados

Instituto de Astrofisica de Canarias, La Laguna (Tener8egin
lkhonenko@ ac. es
2mcv@ ac. es

The particular temperature and density conditions in thgmaazed photosphere and chromosphere
of the Sun can lead to a very small degree of atomic ionizatisnaddition, the magnetic field
may be strong enough to give rise to a cyclotron frequenagetlathan the collisional frequency for
some species, while for others the opposite may happen. rilinelge circumstances, the collective
behavior of the particles may be influenced and some of thethgges of magnetohydrodynamics
may be relaxed, giving rise to additional terms in the ctaddIHD equations. In this contribution,
the results of numerical simulations using the modified &qoa applied to magnetic structures of
diverse field strength will be shown. Some consequencegatifiom the new terms of the equations
on the solar photosphere and chromosphere will be discussed

Multiwavelength radiative diagnostics of high-resolution MHD simula-
tions of solar photosphere

Sergiy Shelyag

Queen's University Belfast, Belfast, United Kingdom;shel yag@ub. ac. uk

Using radiative MHD modelling of the solar magnetised pkpttere and multiwavelength radiative
diagnostics of the simulated photospheric models, we coengificial images of the solar photo-

sphere as observed in various spectral bands used in salarvabions. We analyse the simulated
observations in terms of properties of the radiation, swimi@nsity contrast, statistical distribution

of photospheric magnetic bright points on their charasties, thus providing the link between the
solar plasma parameters and the parameters of radiatiginating from it.
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Tuesday, August 30 Numerical simulations in the solar and astrophysical pksm

3D Numerical Simulation of Torsional Alfven Waves

Viktor Fedurl and Robertus Erglyi

The University of Sheffield, Sheffield, United Kingdom
ly. fedun@heffield.ac. uk
2robertus@heffiel d. ac. uk

High-resolution ground-based observations provide aiea@tence for the existence of oscillations
driven by magnetic twist in solar flux tubes. These torsiasillations are associated with Alfven
waves. It is of particular interest to study the excitatiow @ropagation of torsional Alfven waves
into the upper, magnetised atmosphere because they cametpaontospheric energy into the corona.
Here we examine numerically the direct propagation of sacsidnal waves, driven at the foot-point
of a solar magnetic flux tube, into a three-dimensional masgge atmosphere representing the grav-
itationally stratified solar atmosphere between the plpttese and low corona. The simulations are
based on fully compressible ideal magneto-hydrodynanmaadelling. The model solar atmosphere
is constructed based on realistic temperature and derisitjfisation derived from VAL IIIF, and

is most suitable perhaps for a bright magnetic network eltraemagnetic pore. We discuss how
torsional phosphoric motion can excite Alfven and otheet/pf MHD waves that reach the upper
parts of the solar atmosphere. Finally, we briefly discusothservational signatures of these waves.
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Coffee break and poster session Tuesday, August 30

Coffee break and poster session

On mystery of solar and stellar magnetic fields measured in dierent
lines

Varvara Butkovskaya

SRI Crimean Astrophysical Observatory, Nauchny, Ukrairtehi z@rai | . ru

An unexplained effect one can see on the Sun and some chnpealliar magnetic stars is that
the effective magnetic field values measured in differertspl lines are significantly differed from
each other. The shot review of the problem for Sun and chéiyjjpaculiar stars beta CrB and theta
Aur and normal star alpha Lyr are presented. It is shown ti@ptoblem is common for Sun and
other stars with magnetic fields.

Identification Methods of Magnetic Bright Points

Shervin Ziaei

Physics Department, Sciences Faculty, Zanjan univetsity; sher vi n zi aei @nu. ac.ir

Magnetic Bright Points are small scale magnetic structurdbe solar photosphere which can be
seen better at G-band images of Hinode/SOT. Hinode was ttednin autumn 2006 and delivers
multi-wavelength data from the photosphere to the uppesr@of sun. In this poster we present
our research on identification methods of Magnetic Brightf3cand we set our algorithm based on
"developed MLT-4 algorithm”.
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Tuesday, August 30 Coffee break and poster session

Quasi-periodic motion of the Earth dayside magnetopause

Igor Kremenetsky Oleksiy Agapitovand Nikolai SalnikoV

ISpace Research Institute of NASU and NSAU, Kyiv, Ukraine;
i gor. krenenet sky@nail.com

2Taras Shevchenko National University of Kyiv, Kyiv, Ukrain
ol eksiy. agapitov@nail . com

3Space Research Institute of NASU and NSAU, Kyiv, Ukraine;
sal ni kov. ni kol ai @mai |l .com

Terrestrial magnetopause (MP) is a current sheet betwesplagmas which are frozen in the solar
and the Earth’s magnetic fields. Different perturbationshefsolar wind and magnetosphere make
MP to be a highly dynamic object and subject to various hygnadhic and plasma instabilities.
Multi-spacecraft observations in the framework of THEMI&sion provides an opportunity to re-
construct the shape and dynamics of MP.

We focus our study on the properties of the quasi-periodiahdBon and magnetosphere waves with
the same frequencies (ULF range) on the base of magnetioafieédurements by Fluxgate Magne-
tometer (FGM) and plasma parameters measurements by dstedic Analyzer (ESA) aboard the
five THEMIS spacecraft. We present the following results) ttee MP motion characteristics for
different solar wind regimes; (b) the statistical relasbip between the amplitude-frequency char-
acteristics of MP surface traveling disturbances and seiad parameters; (c) the comparison of
MP motion with MHD waves inside the magnetosphere; (d) thelehof the dayside MP shape
taking into account its dynamic properties during 2007420é&ars. Two different types of MP mo-
tion directly connected to magnetosphere wave activitylmadistinguished: surface waves and one
dimensional displacement of surface. Dayside one dimeakigeriodic displacements are caused
by cavity modes - standing fast MHD wave between the magaet® and reflection point near
the plasmapause. Traveling surface waves are generatedyrbgithe cavity modes and can be
sufficiently increased later by the Kelvin-Helmholtz irsitey.
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Coffee break and poster session Tuesday, August 30

Relationship of P1/P2 for a string with non-uniform density

Chris Nelsoh, Robertus Erdlyi? and A Hagué

lUniversity of Sheffield/Armagh Observatory, Sheffield, tédi Kingdom:;

chrisnel sonl101@ot nai | . co. uk

2The University of Sheffield, Sheffield, United Kingdompber t us@hef fi el d. ac. uk
3The University of Sheffield , Sheffield, United Kingdosrra08abh@hef fi el d. ac. uk

The transversal oscillations of coronal loops within theEssatmosphere have been studied widely
since they were observed by TRACE in 1999. It is only reldyivecently that the first harmonic of
this oscillation behaviour has been reported. The trasal@scillations of coronal loops often can
be modelled surprisingly accurately by investigating thesversal oscillations of a one-dinemsional
string. By analysing the relation of the properties of thedamental harmonic to the first harmonic
of a transversally oscillating finate string with a non-onifi density, and by considering both two-
fixed end and one open end models, here we attempt to exparsltrespatio-seismology work
of Verth et al., who studied the anti-node shift of the firstrhanic with relation to the density
stratification. Applying this advanced solar magnetorseisgy method to real solar data, it could
well be possible to observationally infer the density dinte of the oscillating coronal loop within
the solar atmosphere, a wonderful tool for continuing thracstired mapping of the upper solar
atmosphere.
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Tuesday, August 30 Coffee break and poster session

Dst-index forecasting using an adaptive two-level model gdstment

Nikolai SalnikoV and Igor KremenetsRy

Space Research Institute of NASU and NSAU, Kyiv, Ukraine
!sal ni kov. ni kol ai @mai | . com
2j gor . kremenet sky@nai | . com

The dynamic relationship between the geomagnetic actimitgx and solar wind parameters can
be adequately described by the nonlinear dynamic regeessodel. However, the parameters of
that model depend also on the slowly varying factors caugesthson and solar cycle phase. The
impact of these factors can be accounted in the model withga lmemory depth. But this leads to
increase of the model dimension and parameters as a cosequena result, the accuracy of model
parameters determination decreases [1].

We proposed the alternative approach in which the simpleetnoidsmall dimension is used for
description of the magnetic storms development and the hpadameters are adjusted functions
of the slowly varying factors. Dimension and the model patars are determined using a new
approach [2]. Actually, two stages process of the modelsttjant is used: the local current model
parameters are determined for each separate storm whighsvate then used for approximation
of their dependence on slow-changing factors that affeztdynamics of the storm. Developed
approach as much as possible accounts for the specific thskem-term prediction of magnetic
storms, its effectiveness is demonstrated on a number ofi@rs.

1. Kremenetsky I.A., Salnikov N.N. Nonstochastic ApproachDetermining the Dimension
and Parameters of Linear Autoregressive Models by the lapdtOutput Variables Measurements,
Journal of Automation and Information Sciences, 2042),19

2. Kremenetsky I.A., Salnikov N.N. Minimax Approach to Magic Storms Forecasting (Dst-index
Forecasting), Journal of Automation and Information Socésy 201143, 67
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Space Science Tuesday, August 30

Space Science

Rapid acceleration of charged particles by nonlinear waverapping in
the magnetosphere and cosmic plasmas

Danny Summers

Memorial University of Newfoundland, St. John’s, Canadaumer s@run. ca

We present a particle acceleration mechanism called rgtedivistic acceleration(URA). URA com-
prises electron energization due to a special form of nealiphase trapping by a coherent whistler-
mode wave for electrons exceeding a certain critical endrlgg critical energy depends on the wave
frequency and the electron gyrofrequency at the equatar asaumed dipole magnetic field. Radia-
tion belt electrons that encounter a combination of relgtivturning acceleration(RTA) followed by
multiple URA interactions can undergo significant energyréase. Under ideal conditions,at Earth
(L=4) several-hundred-keV electrons can be energizedvieraeMeV within a few seconds,while at
Jupiter (L=8),several-hundred-keV electrons can be éredoy tens of MeV in a few tens of sec-
onds. URA can play a prominent role in generating the se\el electrons observed in Earth’s
outer zone and the tens-of-MeV electrons observed in Jigpiteagnetosphere. More generally,we
expect URA to be an effective electron energization meamarn cosmic plasma environments that
contain a magnetic mirror geometry and electromagnetistignimode emissions.
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Tuesday, August 30 Space Science

Characteristic of the Traveling lonospheric Disturbances from the
Multi-Satellite and Ground-Based Observations

Natalia Beloff, Alexander Karpachéwand Pavel DenisenKo

lUniversity of Sussex, Brighton, United Kingdom; Bel of f @ussex. ac. uk
2]IZMIRAN, Russia;kar p@ zmiran. ru
3Institute of Physics, SFedU, Russteni s@p. rsu. ru

The characteristics of the large-scale and media-scaleelimg lonospheric Disturbances (TIDs)
connected with the Internal Gravity Waves (IGWs) are stidiem the multi-satellite and ground-
based observation. The data of the Intercosmos-19, Co86hs=osmos 1809 and DMSP satellites,
SuperDARN radars and ground-based magnetometers angfmrasstations are used. Several dis-
turbances with the different intensity were investigatad #he following main results were obtained.
During the intense disturbance (magnetic storm) the wanre f5f the TID covers all local times, i.e.,
all longitudes. During the media disturbance (substorre)atea where the TID is observed looks
like a wedge since it covers the night time hours at the subrallatitudes and contracts to 02 LT
local sector at the low-latitudes. The ionospheric respamstrongly asymmetric because the wedge
area and the TID amplitude are larger in the winter hemispkign in the summer one. The clear
evidence was obtained that in the midnight hours the moreedaWT ID from the winter hemisphere
passes across the equator to the low latitudes of the sunen@sphere. Intercosmos-19 data show
that the disturbance covers all the thickness of the topsittesphere, from hmF2 up to at least the
satellite height (of 1000 km). The relationship betweenTHe parameters and the source charac-
teristics from the global network of the magnetometers ardisd. The role of the day-side cusp in
the generation of the TID in the day time ionosphere is diseds|t is shown that the use of Super-
DARN radars is a more powerful technique than a routine giebaised sounding for studies of weak
guasi-periodic variations in the dayside sub-auroral sphere related to IGW. The propagation of
the IGWs was also detected from the quasi-periodic variatio the skip distance of the ground
backscatter measured by SuperDARN radars. The method sadalised to extract the weak TIDs
from the topside sounding data. The IGW effects were clesglyarated from the magnetospheric
electric field effects.

38 UKU SPSS/TASS 2011


mailto:N.Beloff@sussex.ac.uk
mailto:karp@izmiran.ru
mailto:denis@ip.rsu.ru

Space Science Tuesday, August 30

ULF MHD Perturbations in the Inner Magnetosphere of the Earth:
Theoretical Study

Oleg CheremnyKhand Aleksei Parnowski

Space research Institute of the NASU-NSAU, Kyiv, Ukraine
lol eg. cher etmykh@mai | . com
2par nowski @nui | . com

We analyze coupled Alfvén and slow magnetosonic eigenmauehe dipolar geomagnetic field
model with different ionospheric conductivities in therfrawork of ideal single-fluid magnetic hy-
drodynamics (MHD) with finite pressure. We derived a set afadipns describing arbitrary pertur-
bations with small transversal scale of a static MHD equiililm, which generalizes the results of
Cheng and Chance (1986) on one hand and of Dewar and Gla88&) @n another. We use analyt-
ical and numerical and methods to determine eigenmodedreies, growth rates and waveforms.
The spectrum of Alfvén and slow modes is discrete and esfaidi. The eigenmode frequencies of
the first Alfvén and slow eigenmodes are estimated as 1 HzmiHz respectively. In the case
of finite conductivity, periodic and aperiodic modes aressafed and their interaction is analyzed.
Their mutual conversion was demonstrated. A flute stabditterion, which is stricter than Gold
criterion, is derived. For quasiflute eigenmodes, the dievia of transversal displacement from a
constant value are calculated. An approximation for lardiital displacement near the ionosphere
is derived.
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Tuesday, August 30 Space Science

lon cyclotron turbulence of plasma shear flows and related aomalous
transport

Vladimir S. Mikhailenkd, Vladimir V. Mikhailenké, Nikolay A.
Azarenko¥, Dmitry V. Chibiso¥ and Konstantin N. Stepanov

V.N.Karazin Kharkov National University, Kharkov, Ukran
lvmi khai | enko@i pt . khar kov. ua

’mi khai | enko@nl i ne. khar ki v. com

3azar enkov@ni ver . khar kov. ua

4chi bi sovdm@rai | . ru

st epanov@ pp. khar kov. ua

The sounding rocket and satellite data have demonstraje¢lddtloften observed in the ionospheric
plasma environment magnetic field-aligned shear flows lzie@ with broadband low-frequency
electrostatic oscillations and with anisotropic heatifigoms predominantly across the magnetic
field. These oscillations were detected under conditionghé¢h the parallel current density was
above as well as below the threshold for the ion cyclotromerurdriven (ICCD) instability, which
has the lowest threshold in the ionosphere plasma withaardtow. It was shown [2-4] that shear
flow along the magnetic field does not only modify the frequiescgrowth rates and the thresholds of
the known ICCD instability, but it is a source of the develaumof shear-flow-driven ion cyclotron
instabilities at the levels of field-aligned current whiale @ubcritical for the development of the
ICCD instability. In this report, we present new resultstef tomprehensive analytical investigations
of the linear and nonlinear evolution of the shear flow modifi@d shear flow driven ion cyclotron
instabilities in one and two ion species plasma. It is shdwa the shear-flow-driven electrostatic
ion cyclotron instabilities can be considered as a cominnatf different instabilities determined
by theirs own mechanism of excitation: ion-kinetic, iondhgdynamic and electron-kinetic. Each
of these instabilities are dominant in different rangeshef wavelength along the magnetic field.
The renormalized strong turbulence theory [3], which aot®dor the combined effect of shear
flow and turbulent scattering of ions, is used for the compaganalysis of different mechanisms
of the nonlinear evolution instabilities and determinihg ultimate levels of the energy density of
the turbulence in the saturation states in different ramjeke wavelength. The turbulent heating
rates of plasma species resulted from the interaction af &l electrons with turbulence in plasma
shear flow are determined. The results obtained give thesssmt of the ion cyclotron turbulence
as a possible sources of the anomalous anisotropic caliési® heating of ions and electrons in
ionosphere shear flows.
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Space Science Tuesday, August 30

1. Kitner M., Bonnell J., Arnoldy R., Lynch K., Pollock C., @aMoor T., Geophys. Res. Lett.,

1996, bf 23 1873
2. Mikhailenko V.S., Chibisov D.V., and Mikhailenko V.V.his. Plasmas, 20063, 102105
3. Chibisov D.V., Mikhailenko V.S., Stepanov K.N., Physathas, 200916, 072902
4. Chibisov D.V., Mikhailenko V.S., Stepanov K.N., Physasthas, 201017, 082903
5. Mikhailenko V.S., Mikhailenko V.V., Stepanov K.N., Azarkov N.A., Phys. Plasmas, 200%,
012305
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MHD waves and instabilities: Numerical modelling

Alan Hood

University of St Andrews , St Andrews, United Kingdoal;an@rcs. st - and. ac. uk

Some basic ideas in the numerical modelling of MHD waves asthbilities will be presented. For

the linear MHD equations, schemes like Lax-Wendroff arepdinto code but care must be taken to
ensure that code remains numerically stable and that thesnauhe numerical solutions propagate
at the correct speeds. Identifying numerical dissipatiomfreal dissipation is extremely important
and examples will be presented. Numerical modelling of MiA8Xabilities is tricky and can must be

taken when using a linear code. Some examples of linear Mid@liilities will be presented. Other

schemes for studying linear and nonlinear waves will beudised.

Implementation of Magnetohydrodynamic codes for gravitatonally
stratified media on hybrid and highly parallel graphical pro cessing units

Michael Kenneth Griffiths

The University of Sheffield, Sheffield, United Kingdom; gri ffit hs@heffi el d. ac. uk

We describe the implementation of Magnetohydrodynami@sddr gravitationally stratified media
on graphical processing units and highly parallel computkitectures. The aim of the paper is to
present the numerical methods used and the techniquesrorgpthe code to this novel and highly
parallel compute architecture. The methods employed atdi@a by the presentation of validation
results and performance benchmarks.
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Summer School
From MHD waves via kinetic waves toward plasma energization

Yuriy Voitenko

Belgium Institute for Space Aeronomy, Brussels, Belgivmi t enko@na. be

In this lecture I will introduce a basic physical descriptiof magnetohydrodynamic (MHD) waves
and their kinetic counterparts. The particular emphadidwion Alfven waves (AWSs) - energetically
dominant wave mode in space plasmas immersed in the bacidyroagnetic field. Kinetic Alfven
waves (KAWS) is a generic name for AWs modified by variousaff@rising with decreasing cross-
field wavelengths. A genuine signature of KAWSs has been faandany phenomena observed in
space and in laboratory. We will start describing KAWSs by nweaf a "2-fluid foot-bridge” from
large (MHD) to small (kinetic) length scales. Next, in orderexplain how KAWSs interact with
particles, we will add basic notions from kinetic plasmeottyeand from nonlinear theory. This will
allow us to understand how KAWSs are generated and dissipatetiwhat effects they produce in
plasma. In the last part | will present several new resultsceming KAWSs and their applications to
recent satellite observations of the solar corona, soladand terrestrial magnetosphere.
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Solar Magnetoseismology (Invited)

Gary Verth

Northumbria University, Newcastle upon Tyne, United Kingd
gary.verth@orthunbria. ac. uk

In this talk | will review the most promising and exciting aref solar physics known as magneto-
seismology. This technique, analogous to seismology heieaoth, analyses observations of waves
in the Sun’s atmosphere and compares them to the detailelisre$ mathematical models. From
that comparison, crucial information about the Sun’s Igptasma environment can be obtained, e.g.,
magnetic field strength, which cannot be easily measuredh®r oneans. In the last decade, mag-
netoseismology of the Sun has made great leaps forward dile tadvances of space borne and
ground based telescopes. After initial success, a new gtmerof improved instruments primarily
dedicated to detecting waves in the solar atmosphere wesoged, e.g., Hinode (Japan), Solar
Dynamics Observatory (USA) and Rapid Oscillations in théaSatmosphere (UK). In this talk |
will discuss recent advances in magnetoseismologicahtgabs that exploit the wealth of data from
this "new generation” of instruments to probe the structfr8un’s atmosphere with unprecedented
accuracy.
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High energy laser pulse propagation in plasma: photon acceration and
self focusing effects.

Yevgen Kravets Alan Cairng, Bernhard Ersfelé, Adam Nobléand
Jaroszynski Dind

lUniversity of Strathclyde, Glasgow, United Kingdogevgen. kr avet s@mai | . com
2School of Mathematics and Statistics, University of St Asvas, St Andrews, United Kingdom:;
rac@t - andr ews. ac. uk

3University of Strathclyde, Glasgow, United Kingdober nhar d. er sf el d@t rat h. ac. uk
“University of Strathclyde, Glasgow, United Kingdoadam nobl e@t r at h. ac. uk
SUniversity of Strathclyde, Glasgow, United Kingdodi;no@hys. st rat h. ac. uk

The interaction of intense electromagnetic fields with sraitt currently an important area of re-
search. In many cases the propagation of an intense lasar jpuplasma plays an important role.
We present an analysis of pulse propagation using the aajynty approach and compare it with a
fluid description using set of partial differential equasdfor the electric and magnetic fields. This
work is relevant to the evolution of the laser pulse in ladasma wakefield accelerators operating
in the bubble regime.
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Kink Oscillations of Non-Planar Coronal Loops

Amy Scottand Michael S. Ruderman

The University of Sheffield, Sheffield, United Kingdom
lany. scott @hef. ac. uk
2M S. Ruder man@hef . ac. uk

Many types of oscillations have been observed on the Suhydimg kink oscillations of coronal
loops. The simplest model used to investigate these dsmillais a circular magnetic cylinder.
Recently more sophisticated models have been used. Hovadivafrthem concerned oscillations of
planar loops. We have considered a simple three dimensioadel of a curved, non-planar loop,
with helical geometry. Using the thin tube approximation e examined the kink oscillations
of this loop. In particular, we have found that, dependingtendirection from which we observe
the loop oscillation, it is possible for the fundamental mad a helical loop to look like the second
harmonic of a planar loop. We have also gone on to investiateffect that a non-planar loop has
on the ratio of the periods of its fundamental mode and sebanahonic.
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Space Science

Electrostatic Aurora and Waves (Invited)

Johan De Keysér Yuriy Voitenké, Marius Echini and Romain Maggiolo

Belgian Institute for Space Aeronomy, Brussels, Belgium
1Johan. DeKeyser @er onomi e. be

2Yuriy. Voi t enko@er onomi e. be

3Mar i us. Echi m@er ononi e. be

“Romai n. Maggi ol o@er ononi e. be

Auroras are the manifestation of a specific form of coupliagpteen magnetosphere and ionosphere.
Understanding the underlying electric current circuit a&ms a major challenge. In particular, there
are two groups of models for explaining the origin of pallalgroral electric fields: the electrostatic
models and the wave models. Since auroral acceleratioroisrkto occur as the result of the action
of such parallel electric fields, a proper understandingery ymuch needed.

We will focus here primarily on the electrostatic model of@mal systems in which the generator
is located in the magnetosphere, and where the ionospheresents a load. The behaviour of the
current system is controlled by current continuity. Theegator is described in terms of magne-
tospheric electric fields. The ionospheric load is modeiied very simple way. The crucial role
of the current-voltage relation is highlighted. We illat various types of auroral and subauroral
signatures that are found in the Earth’s magnetosphessigrere system. The model results are
compared to in situ observations.

Nevertheless, the observations clearly indicate that blatttrostatic and wave features are impor-
tant. The present contribution aims at bridging the gap eetwboth types of models, by studying
the problem for sufficiently low frequencies. Electrostaicceleration then remains the dominant
phenomenon. The waves nevertheless do modify the configirdt is suggested how and where
higher-frequency waves would lead to further modificatiohthe electrostatic picture.
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Inertial Alfven waves and turbulence in solar and space plasas

Yuriy Voitenko, Johan De Keysérand Padma Shukfa

!Belgium Institute for Space Aeronomy, Brussels, Belgivmoi t enko@nma. be
2Belgian Institute for Space Aeronomy, Brussels, Belgium;

Johan. DeKeyser @er ononi e. be

3Ruhr University, Bochum, Germangshukl a@ochum uni . de

Kinetic Alfven waves (KAWSs) are known to be important for egyetransport and release in space
plasmas. Recent FAST measurements have revealed a turbbhbmacter of inertial KAWs and
their spectra in auroral zones at 1.5-2 Earth’s radii. Radiatillations measurements suggest the
presence of the KAW turbulence in the high solar corona ak Wi address the problem of how the
turbulent state can be achieved and maintained by the mamlinteractions among inertial KAWS.
We derived new analytical expressions for nonlinear KAWeiiattions and found new turbulent
spectra. The wave-particle interactions and their coresops in the context of energy release in the
auroral zones and solar corona are also discussed.
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THEMIS observations of a transient event at the magnetopates

Galina Korotova and David Sibeck

11ZMIRAN , Troitsk, Russiagkor ot ov@ind. edu
2GSFC, NASA, USAdavi d. g. si beck@asa. gov

This study focuses on THEMIS observations of a long-dunatiansient event in the vicinity of the
dayside magnetopause at 1534 UT on July 18, 2008 that waaotbdred by features typical of
a magnetospheric flux transfer event (FTE): a bipolar (-;#) bl signature in the Bn component,
a positive monopolar variation in the Bl and Bm componentsh-@ nT enhancement in the total
magnetic field strength, and a transient density and flowre#graent. The interplanetary magnetic
field (IMF) was mostly radial and disturbed during the intsvstudied, i.e., it was favorable for the
repeated formation, disappearance and reformation obtiestiock just upstream from the subsolar
bow shock. We show that varying IMF directions and solar wiressures created significant effects
that caused the compressions of the magnetosphere andvitghbok and magnetopause motions
and triggered the transient event. Global signatures ofnetagimpulse events (MIES) in ground
magnetograms during the period suggest a wide-spreadupegasise instead of a localized FTE as
the cause of the event in the magnetosphere. The directioppagation and the flow patterns
associated with the event also suggest an interpretatitarrims of pressure pulses.
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MHD modes coupling in the Earth magnetosphere

Oleksiy Agapitovand Oleg CheremnyRkh

!Taras Shevchenko National University of Kyiv, Kyiv, Ukrajragapi t @ini v. ki ev. ua
2Space research Institute of the NASU-NSAU, Kyiv, Ukrainkeg. cher ertmykh@mai | . com

The eigenmode spectrum of the MHD waves in the plasma systi#imtive dipole magnetic field
configuration is discrete and consists of Alfven and slow medgsonic modes. Their interaction
depends on boundary conditions and the magnetic field aue/atVe present the physical conditions
of resonant MHD waves realization obtained for differenv@polarization type. The poloidal waves
strongly couple with slow MHD waves. The critical influendetlte magnetic sheer for the poloidal
modes is shown. The toroidal resonant ULF waves have not @ignetic pressure and plasma
pressure perturbation component. The verification of abthiconditions with parameters of waves
collected in the inner Earth magnetosphere by spacecradirited out. The magnetic field pressure
and plasma pressure anticorrelation oscillation withiplpressure compensation is obtained for
coupled slow MHD and Alfven waves. The obtained polarizatiooperties of magnetosphere ULF
waves are in a good agreement with the theoretical predictio
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Coffee break and poster session

Source of the periodic perturbation in the Solar wind plasma

Valentyn Bovchaliukand Oleksiy Agapitov

Taras Shevchenko National University of Kyiv, Kyiv, Ukrain
'bovchal i ukv@nmai | . com
20l eksiy. agapi tov@nai | . com

The poster is devoted to analysis of the periodic MHD pe¢tiom detected in the interstellar plasma
on the Earth orbit by the THEMIS spacecraft. We use the magfield and plasma parameters mea-
surements aboard THEMIS B spacecraft (the apogee is 30 REDdB of observed perturbations
are close to the periods of the field line resonance modegdidnth magnetosphere so the detected
periodic perturbation can effectively couple with the metmsphere Alfvén resonance system. We
determine the wave vector direction, the ellipticity, ahd polarization properties by use of the sin-
gular value decomposition, the imaginary part of the spéatatrix analysis and the minimum vari-
ance analysis. We find the wave vector direction and the waasgovelocity by use the minimization
of the Faraday rescue technique. We find that the observéthtisn of the plasma parameters can
be explained in terms of the Alfven wave Sun-ward propagaitiothe moving system of the solar
wind. The Alfvén wave is observed in the vicinity of the ingkanetary shock wave surface and in
the region with electron and proton beams accelerated bghtbek. We speculate that exactly the
observed particle beams generate the periodic MHD petiorisadue to beam instability.
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Regression modelling of space weather

Aleksei Parnowski

Space research Institute of the NASU-NSAU, Kyiv, Ukraipar nowski @nai | . com

We developed a new approach to the problem of real-time spaather indices forecasting using
readily available data from ACE and a number of ground gtatiolt is based on the regression
modelling method [1-3], which combines the benefits of erogirand statistical approaches.
Mathematically it is based upon the partial regression yaimland Monte Carlo simulations to
deduce the empirical relationships in the system. The &pmapsed time per forecast is a few
seconds on an average PC. The proposed system can also bk fasefivestigating physical
phenomena related to interactions between the solar widdrenmagnetosphere.

1. Parnowski A.S. Regression modeling method of space weptldiction // Astrophysics Space
Science, 2009323 169

2. Parnovskiy A.S. Regression Modeling and its Applicatothe Problem of Prediction of Space
Weather // Journal of Automation and Information Scien2€69,41, 61

3. Parnowski A.S. Statistically predicting Dst withoutedlite data // Earth, Planets and Space, 2009,
61, 621
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Learning and evolutionary algorithms for space weather prelicting and
modelling

Oleh Semeniv

Space reseach institute of the NASU-NSAU, Kyiv, Ukraiokgg. seneni v@ynai | . com

The solar energy provides a great impact on technical sysitethe Space and in the Earth surface.
Such an influence happens due to the mass ejections from theThe solar wind causes storms
which impact the stable work of electronic and electricadtegns. The space weather abnormal
perturbations occurring during solar cycles can bring todlectricity systems overload breakages.
The problem of space weather modelling & predicting is cdersd on the example of Dst-index
and Ap-index forecasting. The method is suggested for theeidentification for predicting the
dynamics of geomagnetic indexes using satellite and greMpdrimental data. The method is based
on reconstruction of a nonlinear discrete dynamic inpupousystem with several input variables.
The model structure, as well as its parameters is chosenlbngdhe mathematic programming
problem with constraints. The learning and evolutionarythods have been used to developing
heuristic algorithm of the mix mathematic programming peab solving. An advantage of this
approach is that the algorithm is able to automaticallycdlee appropriate input variables as well
as to simultaneous search of the optimal model structurataupérameters using genetic methods.
This research was supplied by the National Academy of Sewt Ukraine under the Scientific
Program "GEOKOSMOS".

1. Semeniv O.V., Sidorenko V.1., Shatokhina lu.V., ChergkimO.K., Yatsenko V.A. Optimization
Approach to Space Weather Prediction // Journal of Autaonadind Information Sciences, 200G,

41

2. Yatsenko V.A., Cheremnykh O.K., Kuntsevich V.M., Semre@.V. Identification of Models of
Geomagnetic Activity and Space Weather Prediction // JwhAutomation and Information Sci-
ences, 200941, 58

3. Cheremnykh O., Yatsenko V., Semeniv O., Shatokhina InliNear dynamical model for space
weather prediction // Ukr. Physician Journal, 2088,502

4. Semeniv 0.V, Yatsenko V.A. Identification of dynamic retsdfor Dst-index rorecasting // Space
science and technology, 20115, 51
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Wavelet localization of the substorm onset using the grounchagnetome-
ter array

Sergei Syusyuckalgwiacheslav Pilipenkoand S Klimano¥

IMEPHI, Moscow, Russiaser gei . syusyuckal ov@andex. ru
2Space Research Institute, Moscow, Russid;i penko_va@mai | . ru
3MEPHI, Moscow, Russia;

We have implemented the method to restore the amplitude haskepfronts of ULF wave distur-
bances in the range of Pil1-2 geomagnetic pulsations usindéta from the ground array of magne-
tometers. The algorithm is based on complex wavelet arsafysil subsequent 2D interpolation of
the wavelet coefficients. The fronts are presented as 2boosurfaces of wavelet coefficients at
any selected frequency with a short cadence. This techmigsevalidated for various modeling dis-
turbances. The method was applied for the determination apparent ionospheric source of Pil-2
burst during the explosive substorm phase using the comldaéa from available magnetometer
arrays in Canada. The developed method enables one to &stheasource localization, to monitor
the disturbance propagation pattern in various frequeaogs, and even to reveal a ULF "precursor”
of the substorm onset.
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The chorus source structure in the inner magnetosphere

Andriy Woschepynétaind Oleksiy Agapitdv

Taras Shevchenko National University of Kyiv, Kyiv, Ukrain
woschep@mai | . com
20l eksi y. agapi t ov@nai | . com

Discrete ELF/ULF chorus emissions are the most intensdrelaagnetic plasma waves of the
whistler diapason observed in the Earth’s radiation beitsia the outer magnetosphere. They are
suggested to be generated due to the cyclotron instabilitye plasma with the velocity anisotropy.
Thus the wave generation region is assumed to be locatee atdlynetic field minimum which is
situated in the vicinity of the magnetic equator in the inmagnetosphere. Previous studies showed
that the source position can deviate from the geomagnetiategby a several degrees. The main
aim of our work is to investigate the source position andttre during high geomagnetic activity
time intervals. To achieve our aim we use Spatio Temporalysigof Field Fluctuation (STAFF)
spectral matrices measurements for 27 frequencies (Speétnalyzer measurements from 8 Hz to
4 kHz) and magnetic field measurements by flux gate magnetor(fe6M) aboard the four Clus-
ter spacecrafts. We estimate the Poynting flux directionttierwhistler wave frequencies range.
Changes of Poynting flux direction (relatively the magnégdd direction) indicate the position of
the generation region. We confirm that the chorus sourctuigted at the minimum of magnetic field
on the given geomagnetic field line. On the base of Clustesoreaments (2001-2009) we show that
the local minimum can be displaced from the geomagnetictequaore thent5° during periods
of high geomagnetic activity. Two characteristic scaleslisfurbances are found. First (character-
istic time scale is about an hour) refers to global currestesy rebuilding and can be determined
from N. Tsyganenko magnetic field models. Second (the ctexisiic time scale is about minutes)
- magnetic field minimum has the fine structure with severalimim along the magnetic field line.
On the base of multi-points magnetic field measurements we foand that during the high geo-
magnetic activity periods the location and the structurthefgeneration region can be additionally
disturbed and controlled by MHD perturbation.
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Solar observations: From the interior to heliosphere

Observational capabilities of the European Solar Telescap

Manuel Collados

Instituto de Astrofisica de Canarias, La Laguna (Tener8ggin;ntv@ ac. es

One of the most important aims of Solar Physics studies iaderstand the coupling of the different
layers of the solar atmosphere, where the magnetic fielésepts the key ingredient. While in the
photosphere, and below it, the plasma determines the lmravi the magnetic field, the properties
of the layers above are fully governed by the magnetic tapolén addition, the best images taken
from the ground and from space show that its fine structungspdacrucial role in the mechanisms
that help to store energy in it and transport it to the higlgets where it can be released. This is
one of the reasons why new generation ground-based telesoopst have a large aperture, consid-
erably larger that the presently 1 m-class telescopes, éblecto resolve the smallest features on the
solar atmosphere. To that aim, multi-conjugate adaptive®s crucial to overcome the difficulties
arisen from the terrestrial atmospheric turbulence. Intanig a large number of simultaneous in-
struments must be operated to make possible the study ohtitegphere and chromosphere to get
their magnetic properties with the best accuracy. Thisdésiim of the 4-meter European Solar Tele-
scope (EST), which will be the most important ground-basemlify to observe the Sun, together
with the American Advanced Technology Solar Telescope (BT $ this contribution, the novel
design of EST, which minimises the instrumental polarisgtand its expectatives for instrumental
development will be presented.
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Electron acceleration and magnetic fluctuations in solar flees

Eduard Kontat, lain Hannal? and Nicolas Biah

University of Glasgow, Glasgow, United Kingdom
leduard@stro. gl a. ac. uk

2j ai n. hannah@l asgow. ac. uk

3Ni col as. Bi an@l asgow. ac. uk

Plasma turbulence is thought to be associated with varibysigal processes involved in solar flares,
however there is virtually no observational knowledge ofnetic fluctuation in solar flares . Using
RHESSI observations and the X-ray visibility analysis, valgze a well observed flare, which
was previously found to be consistent with a reconnecti@mado. Energy-dependent transport of
tens of keV electrons is observed to occur both along andsadree guiding magnetic field of the
loop. We show that the cross-field transport is consistetti thie presence of magnetic turbulence
in the loop, where electrons are accelerated, and estimatmagnitude of the field line diffusion
coefficient for different phases of the flare. The energy itfe$ magnetic fluctuations is calculated
for given magnetic field correlation lengths and is largentkthe energy density of the non-thermal
electrons providing the first observational evidence thagjnetic turbulence governs the evolution
of energetic electrons in a dense flaring loop.

P1/P2 seismology of coronal loops (Invited)

Istvan Ballai

The University of Sheffield, Sheffield, United Kingdoim; bal | ai @hef fi el d. ac. uk

The P1/P2 period ratio of transversal loop oscillationsuisently used for the diagnostics of longi-

tudinal structuring of coronal loops as its deviation frors 2ntrinsically connected to the density

scale-height along coronal loops and/or the sub-resolinucture of the magnetic field. The same
technique can applied not only to coronal structures, mat ta other oscillating magnetic structures.
In this talk | will review the progress in diagnosing the imal structure of coronal loops via the

observed oscillations period, with special emphasis oreffext of the environment on the period

ratio and further possible seismological tools.
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Particle acceleration at null points in self-consistent sjpe and fan re-
connection models

Adam Staniér, Philippa Browning and S Dall&

lUniversity of Manchester, Manchester, United Kingdom:;

adam st ani er - 2@ost gr ad. nanchest er. ac. uk

2University of Manchester, Manchester, United Kingdom:;

phi | i ppa. br owni ng@manchest er. ac. uk

3University of Central Lancashire, Preston, United Kingdsmal | a@icl an. ac. uk

RHESSI observations of hard X-rays indicate a significaattfon of the flare energy budget is
transferred to non-thermal accelerated charged partickegplausible explanation for the origin

of these particles is acceleration by super-Dreicer etefiglds associated with reconnection or
convective plasma motion, which process is particularficieht near magnetic null points where
particles become unmagnetised.

We use a test particle code to study proton and electronctagijes in fields that are self-
consistent solutions to the steady-state resistive MHDaggpus near 3D null points (eg. Craig &
Fabling 1996). We compare these 'Spine’ and 'Fan’ flux-pileolutions with the results of Dalla
& Browning (2005), which considered only the outer idealioeg.

In the spine regime we find particles that intersect the sfieeome unmagnetised and are
accelerated briefly in a spine-localised current sheet.hénautflow they have large pitch angles
making them likely to undergo magnetic mirror reversalshimithe acceleration site.

For the fan model we find that particles entering the currdmdet get accelerated very effi-
ciently as they become magnetised by a component of the maokd) magnetic field parallel to the
reconnection electric field. This increasing guide fielgkeb stabilise particles in the current sheet,
stopping them from being ejected.

Craig, 1.J.D & Fabling, R.B., ApJ, 199@62 969
Dalla, S., & Browning, P. K., A&A., 2005436, 1103
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The Energy Liberated, via Ideal Kink Instability, from an En semble of
Isolated and Current-neutralised Coronal Loops

Michael Bareford, Philippa Browning and Ronald Van der Lindén

lUniversity of Manchester, Manchester, United Kingdom:;

nmi chael . bar ef or d@ost gr ad. manchest er. ac. uk

2University of Manchester, Manchester, United Kingdom;

phi |l i ppa. br owni ng@manchest er. ac. uk

3Royal Observatory of Belgium, Brussels, BelgiuRunal d. Vander | i nden@nsa. be

The million degree temperature of the corona might be duehéocombined effect of barely-
distinguishable energy releases, so-called nanoflarasotitur throughout the solar atmosphere.
Alas, the nanoflare density and brightness implied by thjzottyesis means that conclusive verifi-
cation is beyond present observational capabilities. Nlegkess, we investigate the plausibility of
the nanoflare hypothesis by constructing a magnetohydesdin(MHD) model that can derive the
energy of nanoflares, based on the assumption that the iidéahktability of a twisted loop triggers
a relaxation to a minimum energy state. The energy relegsends on the current profile when the
ideal kink instability threshold is crossed. Subsequeirigtability onset, fast magnetic reconnection
ensues in the nonlinear phase. As the flare erupts and dedliveefield transitions to a lower energy
level, which can be modelled as a helicity-conserving r&iax to a linear force-free state.

In contrast to our earlier work (Bareford et al. 2010), we rmmnsider current-neutralised loops. The
photospheric motions that twist the loop and thereby creait@uthal field are spatially localised;
outside the loop boundary the field is purely axial.

Results of 3D numerical MHD simulations of unstable loops presented, showing the dynamics
of the relaxation process. A new localised relaxation magleleveloped which fits the simulation
results. We apply our revised model to an ensemble of lodperdby random photospheric twisting
motions, producing a nanoflare energy distribution. Furtfege, we vary the loop aspect ratio, the
spatial correlation of the twisting motions and the levelradial expansion that may accompany
loop relaxation. The range of active-region heat fluxesaex#d from all the different scenarios is
10% to 10”7 erg cn? s~1. The flux approaches the latter limit, which is sufficientdoronal heating,
when the relaxation radius is increased, regardless ofgpecaratio and of the randomness of the
path to instability. The distribution of energies has a Garsshape when the twisting motions are
correlated across the loop radius. Uncorrelated moticgld giower-law distributions with gradients
approximately equal to -2.

Bareford, M. R., Browning, P. K., Van der Linden, R. A. M., A&R010,521, A70
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Summer School
Nonlinear waves in the solar atmosphere

Michael Ruderman

The University of Sheffield, Sheffield, United KingdoM; S. Ruder man@hef fi el d. ac. uk

An attempt to give a brief review of the contemporary thedrpanlinear waves in the solar atmo-
sphere is made. The choice of topics reflects personal gtteoéthe author. Historically the theory
of nonlinear waves was first applied to the solar atmosploegglain the chromospheric and coronal
heating. It was assumed that the turbulent motion in the solavective zone excites sound waves
that propagate upwards. Due to nonlinearity these wavepateand form shocks. The wave energy
dissipates in these shocks thus heating the corona. We diviefedescription of propagation and
damping of nonlinear sound waves in the stratified solar gphere, and point our that, at present,
the acoustic heating remains the most popular theory oirtgeat the lower chromosphere. Then we
extend the analysis to consider propagation of nonlineancgavaves in coronal plums and loops.
The next topic of interest is the propagation of nonlineavegan a magnetically structured atmo-
sphere. Here we restrict our analysis to slow sausage waveagnetic slabs and tubes, and discuss
properties of solitary waves described by the Benjamin-@mb Leibowich-Roberts equation.

Ground-based instrumentation and techniques of detecting/HD waves
and instabilities

Michail Mathioudakis

Queen’s University Belfast, Belfast, UK Mat hi oudaki s@ub. ac. uk

TBA
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Summer School

Oscillatory Reconnection : Unification of Magnetic Reconnetion and
MHD Waves

James McLaughlin

Northumbria University, Newcastle upon Tyne, United Kingd
j anmes. a. ntl aughl i n@ort hunbri a. ac. uk

Traditionally, magnetic reconnection and MHD wave theoayédnbeen viewed as separate areas of
solar physics. However, this is a misnomer: we know thaistestate) reconnection models not
only generate outflows/waves, but also require inflows/wa®everal authors (including Craig &
McClymont 1991; Longcope & Priest 2007; McLaughlin et al02Dhave challenged this point-of-
view, and their investigations contribute to our underdiiag of dynamic or time-dependent models
of magnetic reconnection. In particular, the work of McLhliig et al. (2009) provides a link be-
tween these two traditionally separate areas of solar ptyand is one of the first demonstrations
of reconnection naturally driven by MHD wave propagatiora & process entitled oscillatory re-
connection. This lecture will give a generous introducttorthe topic, discuss both previous and
recent results on oscillatory reconnection, and set théwothe larger context of wave-driven re-
connection and reconnection-generated oscillations. Wealso look at how this relates to solar
phenomena.
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Space Science

High Mach Number Collisionless Shocks : Cluster Discoveri (Invited)

Vladimir Krasnoselskikh D Sundkvigt S Schwartz Michael Balikhirt
and V Lobzin

LCNRS/University of Orleans, Orlean, Franedcr asnos @mai | . com

2SSL, University of Berkeley, USAsundkvi st @sl . ber kel ey. edu

3Imperial Colledge, London, United Kingdors; schwart z@ nperi al . ac. uk
4The University of Sheffield, Sheffield, United Kingdom; bal i khi n@nai | . com
SUniversity of Sydney, Sydney, Australig, | obzi n@hysi cs. usyd. edu. au

Collisionless shocks play a fundamental role in space pasnom plasma astrophysics to solar and
planetary physics. They are intensively studied in the -B@ath environment and in the vicinity
of other planets, as well as in the interplanetary spacéydrsolar atmosphere and in astrophysical
objects (supernova remnants, jets etc.). A fundamentad tdeollisionless shock physics is to de-
termine the shock front structure and its dynamics, as wgeth adentify the main physical processes
affecting both the structure and dynamics. This topic isratial importance both from fundamen-
tal and practical point of view. From the very beginning of ttollisionless shock studies it was
found that there exists a set of critical Mach numbers cpoeding to qualitative changes of shock
front structure and of the main dissipative and dispersifexts that form this structure. Most of the
shocks in the solar wind as well as planetary bow shocks guersiitical or ion-reflection shocks.
This means that shock Mach number exceeds the so-calledifindldMuch number and ion reflec-
tion with subsequent energyzation make a significant dmrttan into slowing down of the incoming
flow and dissipation of its kinetic energy. However, in theyeeginning of the collisionless shock
physics Paul et al. [1967] hypothesized that high-Mach{pemshocks can be nonstationary, and
the first unambiguous evidence of the nonstationarity waaitmded by Morse et al. [1972] in the
laboratory experiments. Krasnoselskikh [1985] and Gaktesl. [1988a,b] proposed models de-
scribing the shock front instability due to domination ofilinearity over dispersion and dissipation.
This macroscopic instability results in a gradient catggie within a finite time interval. For purely
perpendicular shocks the overturning process results mamyc behavior of the shock front in the
close vicinity of the ramp. It consists of steepening, awaing and the relaxation. Most interesting
phenomena are associated with the ramp dynamics whenlsggtias are as small as electron in-
ertial length. In quasiperpendicular case the model takimsaccount the presence of the precursor
wave train. Several aspects of it, including the role of ime@dr whistler oscillations and existence of
a critical Mach number above which a nonstationarity appesere developed in further detail and
more rigorously by Krasnoselskikh et al. [2002] and commatad by numerical simulations with
the use of the 1-D full particle electromagnetic code withreal ratio of electron and ion masses,
me/mi = 0.005.
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It was shown that the transition to nonstationarity is alsvagcompanied by disappearance of the
phase-standing whistler wave train within the shock fravibreover, for large Mach numbers the
nonstationarity manifests itself as a periodic ramp refiom, which influences considerably the ion
reflection, in particular, the reflection becomes bursty somdetimes the ions are reflected from both
old and new ramps simultaneously. We also present here d sgperimental data a high-Mach-
number (Mf = 5) quasiperpendiculaBf = 81°) bow shock layer crossed by Cluster spacecraft
on 24 January 2001 at 07:05-07:09 UT. The measurements afigtiadield, spectra of electric
field fluctuations, and ion distributions reveal that theckhis highly nonstationary. In particular,
the magnetic field profiles measured aboard different spaftetiffer considerably from each other.
The mean frequency of downshifted waves observed upstrédine shock ramp oscillates with a
characteristic time comparable with the proton gyroperlacddition, the reflection of ions from the
shock is bursty and a characteristic time for this proceatsis comparable with the ion gyroperiod.
All these features in conjunction are the first convincingesimental evidence in favour of the shock
front reformation.
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Reconstruction of Chorus Type Whistler Wave Statistics in he Radia-
tion Belts and Inner Magnetosphere Using Ray Tracing

Hugo Breuillard, Y Zaliznyak, Oleksiy Agapito¥; Vladimir
Krasnoselskikhand G Rolland

ILPC2E/CNRS, Orlean, Franceugo. breui | | ard@nrs-orl eans. fr
2Institude for Nuclear Research, Ukraine, Kyiv; LPC2E/CNRSlean, France;
bbar magl ot @andex. ru

3Taras Shevchenko National University of Kyiv, Kyiv, Ukrain

ol eksiy. agapi tov@nmail . com

4CNRS/University of Orleans, Orlean, Franedcr asnos @mai | . com
SCNES, Toulouse, Francguy. rol | and@nes. fr

The quasi-monochromatic whistler wave packets are widedymed to be formed in the vicinity of
the magnetic equator and are frequently observed for exampCluster spacecraft. The objective
of our study is a reconstruction of realistic chorus emissim radiation belts and in inner magne-
tosphere. To achieve this aim the data from the electric aaghetic field measurements onboard
Cluster satellite is used to determine the major charatiesiof the chorus signal around the equator
region, namely, its averaged wave vector, wave vectorilbligion, Poynting flux and polarization.
Then the propagation of such a wave packet is modeled in #meefvork of so-called ray tracing
technique using the original code which employs K. R3n@arWHAMP to obtain hot plasma
dispersion function values along the wave packet trajgctdhe observed (real) rays at the equa-
tor are first fitted to the observed waveform using Clusteenlzions (initial conditions) and then
these rays are propagated numerically through the innenetagphere in the frame of the WKB
approximation. The density distributions of the magnetesie particles is taken from the Gallagher
et al. package that is provided by the authors and distibagefree software. Ray tracing allows
one to reconstruct the properties of waves such as electticreagnetic fields, and the width of the
wave packet in k-space along the ray propagation path. Tloalatons take into account realistic
effects of the spreading of the signal due to propagatioherithomogeneous and anisotropic mag-
netized plasma, the dependence of signal propagationatbestics upon initial conditions, etc. Our
calculations make possible to follow the wave packets afcllzde their properties in the desired
regions, e.g. the regions where an efficient wave-partitieraction is expected to occur. We plan
to compare the distributions obtained with the statistozth sets of wave intensity based also on
Cluster observations during several years.
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Interaction of suprathermal particle fluxes with waves in magnetized
plasma

Alexander Volokitih and C Krafft

L1ZMIRAN , Troitsk, Russiayvol okitin. as@mi |l . ru
2Laboratoire de Physique et Technologie des Plasmas, France

Results of theoretical research of excitation of lower ylwaves and whistlers in magnetized
plasma are presented in the presence of nonequilibriumsflokenergetic particles. In particu-
lar, nonlinear saturation of fan instability and loss-camgtability in magnetized and collisionless
plasma is studied. Research is based on humerical sinulagioneans of a mathematical model in
which nonlinear dynamics of resonant particles with a tltiegensional package of waves is com-
pletely considered. At the same time a motion of the padiaich are not getting in a resonance
with waves is described in linear approach. The analysisnaghitial stage of instability develop-
ment at which some waves dominate in the spectrum of wavesrgd out and formation of almost
continuous spectrum of waves in the course of saturationstébility and a relaxation of unstable
distribution of particles is considered. The dependenaeawk’s energy in a steady state from the pa-
rameters describing degree of nonequilibrium of initiatdbution of particles, such as a density of
energy of particles belong to an anisotropic tail of disttibn in case of fan instability or a loss-cone
angle in case of loss-cone instability, is investigatede Tarried out calculations allow to conclude
that though for development of the considered instalslittee main is interaction of particles with
waves under conditions of a cyclotron resonance, influehagearaction of the same particles with
waves at Landau resonance cannot be neglected, as it lesmietthing of features of particles aris-
ing in velocity distribution during transition to a quasisbnary spectrum of waves. Nevertheless it
is shown that the role of the Landau resonances in an excludregeergy of particles with waves for
the given instabilities is insignificant. The conductedaded research of motion of a great number
of particles in a stage of saturation of instability showat tiihney make a complex oscillation which
despite its casual character, not always is possible taitbesin terms of a quasilinear diffusion in
velocity space.
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Remote sensing of plasma fluctuations structure by means ofl\F waves
spacecraft interferometry

Yuri Khotyaintsey, Vladimir Krasnoselskikh Oleksiy Agapitovand G
Rolland

ISwedish Institute of Space Physics, Uppsala, Sweglenj @ r f u. se
2CNRS/University of Orleans, Orlean, Franedr asnos@nai | . com

3Taras Shevchenko National University of Kyiv, Kyiv, Ukrairagapi t @ni v. ki ev. ua
4CNES, Toulouse, Francguy. rol | and@nes. fr

Random inhomogeneities of plasma density are known totetfiecpropagation of whistler mode
waves resulting in fluctuations of the refractive index o thaves. Irregularities of the refractive
index along the ray path lead to the loss of the phase coheirtbe wave packet. Such irregulari-
ties are often present around the plasmapause and in tlaioadbelts; they occur at scales ranging
from a few meters up to several hundred kilometers and carighdyhanisotropic. The statistical
characteristics of these irregularities can be probed bgns@f inter-satellite correlations of their
phases and amplitudes. From such cross-correlation aalggeconstruct the statistical properties
of the density fluctuations along the wave propagation paltis allows us to distinguish the wave
source properties from the effects of the wave propagahioough the media. The proposed tech-
nique is applied to the discrete ELF/VLF chorus emissiorseoked onboard Cluster and Themis.
Chorus type whistler waves are the most intense electroatiagmlasma waves that are observed in
the radiation belts. They are assumed to be generated ioesmgions in the vicinity of the magnetic
equator and in minimum B pockets in the dayside outer zoneeofrtagnetosphere. The parallel and
perpendicular to the background magnetic field correlagimades of the plasma density fluctuations
are determined by analyzing the wave phase difference depee upon the duration of the signal
recording time. The results obtained can be summarizedlas/fo

1. The characteristic spatial scales of plasma densitgutagities transverse to the local magnetic
field are found to be in a range from 60 to 110 km in the inner retagphere and about 300-350 km
for L-shell about 8-9, which is of the order of the local iorrgradius. We find that the chorus wave
phase coherence scale near the generation region is defiritbd Hensity fluctuation scale but not
by size of the source. The correlation scale along the maxgfiedt is found to be 5-10 times greater
than transverse.

2. The location of the wave sources is found to be in a goodeaggat with its determination from
the multi-point Poynting flux measurements. The distanoenfthe spacecraft to the wave source
(from 300 to 1000 km) is found to be sufficiently smaller thawe tharacteristic thickness of the
source region, which is known from previous studies to bénefdrder of 3000-5000 km. From this
we come to the conclusion that the estimated parallel sdafleecfluctuations corresponds to the
characteristic scale of the inhomogeneity of the source.
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The Role of the Interplanetary Shock Orientation on Interaction with
the Bow Shock and Magnetopause

Oleksandr Gonchardy Jana Safrankovaand Zdenek Nemecek

ICharles University, Prague, Czech Repuldjonchar ov. ol eksandr @nai | . com
2Charles University, Czech Republicana. saf r ankova@f f . cuni . cz
3Charles University, Prague, Czech Repuldidenek. nemecek@f f . cuni . cz

Propagation of interplanetary (IP) discontinuities thglathe interplanetary space, their modification
in the foreshock and interaction with the bow shock and miagaeise is a key problem of the Space
Weather program because these discontinuities are ofsexciated with strong geomagnetic distur-
bances. Many studies often suppose the shock plane pecpndio the Sun-Ears line but our
analysis revealed that a large portion of the discontiesiits oblique, i.e., the shock normal is de-
clined from the solar wind direction. The situation with eeal solar wind monitors and a number of
the spacecraft orbiting in the magnetosheath and in theityicdf magnetospheric boundaries allows
us to trace the path of an original shock and induced diswoitiés through them. We present several
case studies of such discontinuities and discuss the chafigleeir parameters in the foreshock and
due to their interactions with the bow shock and magnetapaus
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Coffee break and poster session

Oscillations of neutral and charged components of near-Edh plasma
and effects of active media

Yuriy Rapoport, Yu Selivanoly Vasyl Ivchenkg V Grimalsky, Viktor
Fedunt and G Milinevsk$

IKyiv Taras Shevchenko National University, Kyiv, Ukraingri y. r apoport @nai | . com
2Space Research Institute of the NASU - NSAU, Kyiv, Ukraine;

3Taras Shevchenko National University of Kyiv, Kyiv, Ukrain

4Autonomous University of Morelos (UAEM), Mexico, Mexice, gr i m@ahoo. com

5The University of Sheffield, Sheffield, United Kingdom; f edun@hef fi el d. ac. uk
6Taras Shevchenko National University of Kyiv, Kyiv, Ukrain

The waves involving linear and nonlinear oscillations ofugie and neutral components in the
system "Lithosphere-Atmosphere-lonosphere-Magnewms3H{LAIM) are considered as a sensitive
indicator of the energy flows coming into the ionosphere ptbm below” (lithosphere and lower
atmosphere) and "from above” (magnetosphere).Examplesoofinear processes in this active
system, such as 1) heating instability of Atmospheric GyaWave (AGW) in lower atmosphere;
2) interaction of spatial packet of AGW with ionospheric atprial plasma in the presence of
Rayleigh-Taylor instability; 3) electric-heating insiiitly in the D region are discussed.

The new system of 2D nonlinear equations is derived for Réapélectromagnetic Waves (PEMW)
moving in the horizontal layer of ionosphere and in the apipnation of "beta-plane” and incom-
pressibility. For the first time, to our best knowledge, Amgtorce term, which determines losses
of PEMW, is written in the form valid for any ionospheric liie.

The vertical component of neutral’s velocity and neutrahdd in the longitudinal and meridional
directions are taking into account. Influence of the lossethé region of equatorial anomaly on
possible "waveguide propagation” of PEMW is considered.

Our theoretical results are applied to observational datenagnetic oscillations in the region
of equatorial anomaly (1). Present approaches to the wawpling in the different layers can
be further extended to the applications for Solar atmospaed atmospheres of Solar system planets.

1. Kotsarenko A., Molchanov O., Pérez Enriquez R., Lo@eaz-Abeyro J. A., Koshevaya S.,
Grimalsky V., and Kremenetsky |., Natural Hazards and ESststem Sciences (NHESS), 20@5,
711
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Friday, September 2 Coffee break and poster session

Geomagnetic Dst Index Forecast Based on Bilinear Models andonlin-
ear Filtering Techniques

Sergey Cheremnykland Vitaliy Yatsenko

Space Research Institute of the NASU - NSAU, Kyiv, Ukraine
ldr ui dcherem@rai | . ru
2yyat senko@nai | . com

This presentation describes new algorithms for forecgdtie geomagnetic activity of the Dst-index
using nonlinear prediction filtering and bilinear model$(B In this report, the process of the Dst-
index is treated to be a structure-known bilinear systenerev/the solar wind parameter (VBz) is the
system input, and the Dst-index is the system output. Fetiecpis formulated in terms of bilinear
systems and optimization techniques. We present new #igmito identify continuous-time and
discrete-time bilinear systems from input-output measwar@s. This report is also concerned with
the blind identification of bilinear models excited by sokdnd parameters. We present an analysis
and modeling of the Dst time series over the period 1983-200¥ numerical results indicate that
the method is useful in predicting storm events 5-7 houra@he

Spatial structure of ULF waves in the near-Earth space accating to
Themis observations

Kristina Melikyart, Viacheslav Pilipenkoand Olga Kozyreva

!Institute of Physics of the Earth, Moscow, Russiayi si bl edr eam@andex. r u
2Space Research Institute, Moscow, Russid;i penko_va@mai | . r u
3Institute of Physics of the Earth, Moscow, Russiazyr eva@f z. r u

ULF waves in the Pc5 frequency range recorded on 5 THEMISlisadeduring the first stage of
the mission ("pearl-on-string” configuration) were anagz In essence, these observations can be
considered as gradient installation in space. Analysishe$e¢ gradient measurements allows to
determine the local spatial-temporal structure of the waral to identify their physical nature. The
relationship between Pc5 waves in the Earth’s magnetosareat their ground response observed at
worldwide magnetometer network was also examined.
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General Magnetic Field of the Sun as a Star: variability of the frequency
spectrum from cycle to cycle

Nikolay PankoV, Sergei Plachindhand Dilyara Baklanova

SRI Crimean Astrophysical Observatory, Nauchny, Ukraine
lcat spride@mil .ru

2psi 1951@mai | . ru

3dilyara31@mil .ru

During 40 years of observations General Magnetic Field ef$kin as a star (GMF) demonstrates
stable picture of variability of amplitude of oscillatiomsth the activity cycle: in maximum activity
GMF reaches<2 Gs, and in a minimum reache®.2 Gs. The values of frequencies of prominent
peaks of power spectrum of GMF significantly vary from cyaecycle of activity. After all data
averaging with period=26.9 d (more prominent peak in the power spectrum) resuftiagnetic field

is not equal to zero and has a specific phase curve similaetdipiole, with amplitude of oscillation
~0.2 Gs. The ratio of absolute value of the positive to negatiagnetic flux is equal approximately
1. Because the balance of positive to negative magnetic flaxcan suppose the presence additional
very weak large-scale magnetic field on the Sun - there islzagldipole magnetic field whose axis
lies near the equatorial plane of solar rotation. One of #seiiaptions is that this field reflects prop-
erties of the stationary global magnetic field of the Suniiative interior on the surface, and there
appears to be a third large-scale component of the magneticafiong with toroidal and poloidal
fields, which are produced by dynamo.
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Effect of weak electromagnetic fields of magnitude of order bgeomag-
netic pulsations on the formation of GABA-ergic inhibitory synapses in
cultured hippocampal neurons.

S Fedulova

Bogomoletz Institute of Physiology NASU , Kyiv, Ukrainesa@i ph. ki ev. ua

Effect of electro-magnetic field on synaptogenesis in catithippocampal neurons was studied by
recording as spontaneus activity as evoked inhibitoryerusrin pair-recording scheme of stimula-

tion. It was shown, functional inhibitory GABA-ergic syregs formed later after platting, than in

control group.
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Space Science/Solar observations

Nonlinear Dynamics of Space Weather: Predictability, Lyamunov Expo-
nents and Applications

Vitaliy Yatsenko

Space research Institute of the NASU-NSAU, Kyiv, Ukramgat senko@nmai | . com

This report concentrates on the following problems: (a) ieiced time series prediction with non-
linear autoregressive moving-average models; (b) dyrarméormation approach to prediction of
space weather; (c) estimation of Lyapunov exponents of semges from geomagnetic indexes; (d)
dynamic probabilistic risk analysis of satellite devicehveomplex characterizations for damages
using a physical model of elements and a predictable levieinifing radiation and space weather;
(e) spatio-temporal nonlinear and bilinear modeling thelénde and location of the disturbance
as a function of space, as well as its time evolution; (f)yroftation techniques to identification of
dynamical models using geomagnetic indexes. The local &imhgLyapunov exponents based on
infinitesimal uncertainty dynamics are considered to refl@coptimal predictability. An error anal-
ysis in bilinear dynamics is also used to develop criterieessary for progress evaluation in space
weather. Numerical results of Dst-index prediction arensho
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IPS Observations of Rapid Velocity Variations In the Slow Séar Wind

Stuart Hardwick, A Breend, M Bis?, R Fallowg, J Davie$, R Harrisor?
and C Davis

lnstitute of Maths and Physics, Aberystywth University,efystwyth, United Kingdom:;
shh6@ber . ac. uk

2Institute of Maths and Physics, Aberystywth University,efystwyth, United Kingdom;
3Institute of Maths and Physics, Aberystywth University,efystwyth, United Kingdom:;
4Institute of Maths and Physics, Aberystywth University,efystwyth, United Kingdom;
5Space Science and Technology Department, Rutherford fgppleaboratory, United Kingdom;
6Space Science and Technology Department, Rutherford fgupleaboratory, United Kingdom;
"Space Science and Technology Department, Rutherford fgpplsaboratory, United Kingdom;

Interplanetary Scintillation (IPS) observes the rapidtfiations of an astronomical radio signal as
the signal passes through the changing density of a solaf stieam. Cross-correlation of received
IPS radio signals at two radio antenna, observing a comnuin smurce, is used to determine the
velocity of the solar wind material passing through the lifiesight of the antenna. Two-site, long-
baseline, observations performed using the European énenh Scatter Radar (EISCAT) network
have revealed the slow solar wind to contain rapid veloc#yiations when viewed using a three
minute time resolution. STEREO Heliographic Imager (HIselvations of white light intensity
have been combined with the IPS observations to display comaensity structures which may
cause the rapid variations in the slow solar wind.
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