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PhysicsDept. University of Warwick, UK
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The unprecedented time resolution and sigoadoise ratio of the Atmospheric Imaging
Assembly (AlA) instument on board the Solar Dynamics Observatory (SDO) spacecraft allows us
to advance significantly our understanding of wave and oscillatory processes in the solar corona. In
particular, kink oscillations of offimb loops are observed, for the first tinbefore and after a flare
in the active region NOAA 11494, Oscillations are depicted and analysed bgistarce maps,
extracted from the cuts taken parallel or perpendicular to the loop axis. Moving loops are followed
in time by steadily moving slits. Ehperiod of oscillations and its time variation are determined by
bestfitting harmonic functions. We found that before and well after the occurrence of the flare, the
loops experience lovamplitude decajess oscillations. The flare and an associated GikEseen
to trigger largeamplitude oscillations that decay exponentially in time. The periods of the kink
oscillations in both regimes (about 240 s) are close to each other. An empirical model of the
phenomenon in terms of a damped linear oscillator exdiy a continuous losamplitude harmonic
driver (e.g., the effect of Alfvenic vortex shedding) and by an impulsive-dmgplitude driver is
found to be consistent with the observational findings.
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ON THE ONSET TIME OF SEVERAL SPE/GLE EVENTS: INDICATIONS FROM HIGH -
ENERGY GAMMA -RAY AND NEUTRON MEASUREMENTS BY CORONAS-F

Victoria Kurt ,* B. Yushkov,! Karel Kudela,? and V. Galkin*

! Skobeltsyn Institute of Nuclear Riiys, Lomonosov Moscow State University, Moscow, Russia
?|Institute of Experimental Physics, Slovak Academia of Science, Kosice, Slovakia
vgk@srd.sinp.msu.ru

We analyzed the highnergy gamma and neutron esiisis observed by the SONG instrument
onboard the CORONAS satellite during foupowerful solar flares namely August 25, 2001,
October 28, 2003, November 4, 20@8dJanuary 20, 2005. These flares produced neutrons and/or
protons recorded near the EartWe demonstrated that the SONG response was consistent with
detection of the pioecay gamma emission and neutron fluxes in these eventsupfesed that a
time profile of thesoft X-ray derivative was a good proxy of time behavior of the femergy
release. Basing on this assumptioa showed that in thiéares under consideration time intervals
of the maximum both oénergy release anuion-decayemission coincided wellWe determined
theonset time ofGLEs 65, 69 accompanying October 28, 2008] January 20, 2005 flares on the
basis of neutron monitor datasing the method ofsuperposed epociThe time of higkenergy
proton onset during SPE on November 4, 2003 was found from the data obtained by GOES 10 and
12 detectorsThe time delay between obsation of the higkenergy gamma rays and the onset time
ofhighe ner gy protons at the Earthdéds orbit in th
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time lag of GLE/SPE corresponds to the least possible proton propagatiorSiimee suggeshat
in the events which took place @rctober 28, 2003, November 4, 20@8dJanuary 20, 2005 both
protonsinteracted in the solar atmosphere émelfirst protonsvhich arrived tothe Earth, belonged
to one and the same population of the accelerated patrticles.

PRINCIPLE COMPONENT ANALYSIS OF THE SOLAR MAGNETIC FIELDS IN THE
CYCLES 21-23 AND IT& IMPLICATIONS FOR THE FUTURE SOLAR ACTIVITY

V.V. Zharkova®, S.J. Shepherd, S.I. Zharkov®

! Department of Mathematics, University of Bradford, WK, zharkova@brad.ac.uk
2 School of Engineering, Design and Technology, University of Bradford, UK;
% Physics and Mathematics Department, University of Hull, UK.

In this paper we present the principal components (PCsriatons of & )the solar background
magnetic field (SBMF) measured by the Wilcox Solar Observatory with low spatial resolution for
solar cycles 223, and, i ) the sunspot magnetic field (SMF) in cycle 23 obtained by SOHO/MDI
(Zharkovaet al 2012). PCAanalysis reveals two main temporal PCs in SBMF of opposite
polarities originating in the opposite hemispheres and running noticeahhase (with about a
two and half year delay), with their maximums oelagping in the most active hemisphere for a
given cycle. Their maximum magnitudes are reduced by factor 3 from cycle 21 to 23 overlapping in
the Northern hemisphere for cycle 21, the Southern one in cycle 22 and in the Northern again in
cycle 23. The reduction of magnitudes and slopes of the maximiutine SBMF waves from cycle
21 towards cycle 23 leads us to expect lower magnitudes of the SBMF wave in cycle 24 and further
cycles. Also PCA allowed us to detect 4 pairs of EOFs in the SBMF latitudinal components: the
two main latitudinal EOFs attributet symmetric and another three pairs of EOFs assigned to
asymmetric types of meridional flows. The results allow us to postulate the existence of dipole and
guadruple (or triple dipole) magnetic structures in the SBMF, which varies from cycle to cycle and
takes the form of two waves travelling off phase, with the phase shift of one quarter of the 11 year
period. Similar PC and EOF components were found in temporal and latitudinal distributions of the
sunspot magnetic field for cycle 23 revealing the paéaribpposite to the SBMF polarities and
double maximum in time or maximums in latitude corresponding to the maximums of the SBMF
PC residuals or minimums in SBMF EOFs, respectively. This allows to suggest that the SBMF
waves also modulate the occurrencd aragnitudes of sunspot magnetic field in time and latitude.
Zharkova, V.V., Shepherd S.J., Zharkov S.1., 2012, MNRAS, 424, 2943.
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CORRECTION OF ANALYTICAL SOLUTIONS OF CONTINUITY EQUATION AND ITS
IMPLICATIONS FOR INTERPRETATION OF HXR AND MW EMISSION IN
SOLAR FLARES

R. Dobranskis, V.V. Zharkova! and I. Tahreem

Department of Mathematics, University of Bradford, UK, v.v.zharkova@brad.ac.uk;

In this paper we refine the analytical solutions of the contiguity equations found with the method
of characteristics for two tygeof energy losses: collisional (Syrovatsky and Shmeleva, 1982) and
Ohmic ones (Zharkova and Gordovskyy, 2006) for electron beams with different parameters
precipitating into flaring atmospheres with different physical conditions. We show that exact
solutions imply the appearance of the exponential factors in from of the previous solutions, which
define the particle differential spectra at lower energies and modify their initial lower energy
cutoffs. We also present the analytic solutions, which are easgetdor calculations of electron
mean spectra and HXR and MW emission without solutions of FdRlegrck equations and show
the close links between the analytic (continuity equations) and numeric solutions (Ptdthek
eqguations), and the role of newadytic solutions in defining Langmuir turbulence and formation of
the returning electron beams.

Syrovatskky S.1. and Shmeleva O.P. 1972, Sov. Astron J., 49, 334
Zharkova, V. V., & Gordovskyy, M. 2006, ApJ, 651, 553
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TEST OF THE GUMICS -4 GLOBAL MHD CODE USING EMPIRICAL SOLAR WIND i1
MAGNETOSPHERE RELATIONSH IPS

E. GordeeV, V. Sergeev, G. Facskd, M. Palmroth?, I. Honkonen?

! Sdnt-Petersburg State Universjtgvgeniy _gordeev@yahoo.com
2 Finnish Meteorological Institute,

Global MHD modeling is a powerful tool in magnetospheric physics research. Tresetiof
advanced and fast improving global MHD codes that are used widely in solamagntketosphere
interaction studies. Most of those models are accessible for everyone in the World Wide Web in
automatic mode. Thus, the validation of simulation ressit®ry important and acute question. We
present the examination of the GUMIQSglobal MHD code correspondence to the empirical
relations of the key magnetospheric parameters. Since the GUMIG&]el provides unique and
stable solutions under specifiefationary input conditions it looks naturally to compare this
numerical solutions exactly with empiric relations (statistically averaged response of magnetosphere
on specific solar wind/IMF conditions). The big set of stationary solutions (162 runs)Mf@C34
code with different IMF/solar wind inputs was utilized in this work. We use the -targe
characteristics that reflect the global state of magnetospheric system, namely: magnetopause size,
crosspolar cap electric potential, tail lobe magnet&di plasma pressure in the tail plasma sheet
and tail neutral sheet shape. We found that the set of stationary solutions of GUMELS in
general satisfactorily fits with the main solar windhagnetosphere empirical relations, however,
with some pecudirities and details. The size of the tail magnetopause and the value of the lobe
magnetic field appear statistically lower than empirical values that lead to the lower magnetic flux
inside the magnetotail. Similarly, the ionospheric potential value iesnaad has a low dynamical
range of variance responding to the upstream inputs comparing with empirical relations. On the
other hand, position of the subsolar magnetopause and the tail plasma sheet plasma pressure
demonstrate satisfactory agreement sititistical models and have a reasonable scatter. The shape
and position of magnetotail neutral sheet fits very well with empirical.
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EXTREME FLUXES IN SOLAR ENERGETIC PARTICLE EVENTS

L.l. Miroshnichenko*, R.A. Nymmik?

IN.V. Pushkov IZMIRAN, RAS, Troitsk, Moscow Redruissiajeonty@izmiran.ru
2M.V. Lomonosov Moscow State Univerdityy. Skobeltsyn SINRJoscow,Russia

We analyze thedata available on the largest solar proton events (SPES), or extreme solar
energetic particle (SEP) events, for the period frts61 up to now. Under consideration are
observational, methodical and physical problems related to presentation of proten(flilueeces)
near the Earth in the form of their energy spectra. Special attention is paid to the study of the form
of distribution function for extreme fluxes (fluences) of SEPs by their sizes. Distribution of
extremely large SEP fluxes is shownto havemobabi | i sti c nature, S0
fluxo does not contain a strict physical sen:s
certain probabilities of their appearance, with a sharp break of the spectrum in the range of large
fluences (or low probabilities). Modern data of observations and methods of investigations do not
allow, for the present, to resolve precisely the problem of spectrum break and estimate maximum
potentialities of solar accelerator(s). This restricts consideaablgxtrapolation of obtained results
for the past and future, for the epochs with different levels of solar activity.

OVERVIEW OF INTEREST ING RESULTS FROM BMSW: SHOCK FRONTS 7
THICKNESS AND STRUCTURE, AND CONTRIBUTIO N TO STUDY OF
SOLAR WIND PROPERTIE S

Z. NemeceR, J. Safrankovd, L. Prech', G. Zastenkef, O. Goncharo}, O. Gutynska,
P. Caga$, A. Komarek?, K. Jelinek?, I. Koloskova’, M. Riazantsev&

! Charles University, Faculty of Mathematics and Physics, Prague, Czech Republic,
zdenek.nemecek@fratini.cz
2 1KI RAN, Moscow, Russia

The paper presents measurements of interplanetary (IP) shocks and solar wind parameters
registered by the BMSW instrument onboard the SpBkfroject. The main advantage of these
measurements is their speed that cache82 Hz. In this contribution, we concentrate our attention
on (1) IP shock ramp thickness that is observed to be shorter than the ion gyroradius, even for low
Mach number shocks; (2) wave trains connected with the IP shock and evolution of the idp veloc
distribution within these wave trains; and (3) finally, on solar wind properties like the plasma
turbulence and helium abundance. The #Higte resolution of BMSW allows us to make direct
observations of solar wind turbulence below ion kinetic lengétes. We present a short study of
the frequency spectra of the density, velocity, and thermal velocity. Our study reveals that although
these parameters exhibit the same behavior at the MHD scale, their spectra are remarkably different
at the kinetic scal Furthermore, the ratio of the alpha particle and proton densities is an indicator
of the source of the currently observed solar wind stream. However, a preliminary analysis of the
BMSW data acquired in the sweeping mode shows that the He abundanepidanvary over
much shorter time scales. We analyze changes of the proton/helium ratio under different solar wind
conditions and show a new direction in the investigation of this topic.
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