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SPIRAL STRUCTURE OF SUNSPOT OSCILLATIONS AS A TRACER OF SOLAR
HELICITY

K. Kuzanyan, R. Sych, S. Yang, Y. Yan

RY1J Rt ¢1, ccu tftisdng % ,Qkuzasyg@igmiranru,
Re) Al [ grISEZISME,  sMfpdW
Key Laboratory of Solar Activity, NAOC, Beijing, Chipats fffnd w

The phenomenon of sunspot oscillations is known for many years. Theosuglspw some rotating
structures about the surrounding penumbra and the quiet Sun which may reflect twisted nature of
solar magnetic fields as well as manifest the tin@eute solar proper oscillation3he recent
SDO/AIA/HMI multi-wavelength data withigh cadence and spatial resolution allow us to study
the oscillation sources in details. Using broad temperatakelength range enables to resolve not
only horizontal structure of wave fronts but also to obtain height distribution of this phenomenon.
In our study, the PWF (Pixelized Wavelet Filtration) method (Sych et al., 2008) enables us to
extract the narrowband frequency structure of skkid waveguides inside sunspots atmosphere
and trace its spiraling nature. By using the Local Correlation Trgckechnique (LCT) we can
compute the phase velocities of waves at several levels above the photosphere and quantify its
swirling dynamics. Superposing various nultvelength data enable us to analyse vertical
structure of swirl above sunspots. Thus, eaa try to see how helical structures expand from the
level of solar photosphere into the chromosphere and up to coviagmetic helicity, the scalar
product of the magnetic field and the magnetic potential vectors, is a very important quantity in
magnetdydrodynamics as it is inviscid invariant, and can be used as an agent to provide feedback
from the magnetic field generation by hydromagnetic dynamo mechanism to the motion of the
highly conductive plasmas. Helical properties of solar magnetic fieldskesre studied by means

of vector magnetograms of solar active regions and the proxy of magnetic helicity. The electric
current helicity (projection of the magnetic field to the electric current) has been computed. The
available data enable us to compute itijection of the relative helicity, as well. We use the vector
magnetogram data from SDO/HMI to track the electric current helicity simultaneously with the
wave structuredn the present study, we investigated active region NOAA 11131 on December 8,
2010. We have shown that the helical properties of phase velocities of MHD magoetstic

waves have close similarity with helicity of magnetic field in solar active regions. The future aim is
to study the thredimensional dynamics of sunspot swirling itlations in detail, and shedding a

light on the problem of helicity transfer from the solar interior to the heliosphere.
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PRINCIPAL COMPONENT ANALYSIS OF THE SOLAR AND SUNSPOT MAGNETIC
FIELDS AND IT'S IMPLICATIONS ON UNDERSTANDING AND PREDICTION OF THE
SOLAR ACTIVITY

V.V. Zharkova®, S.J. Shepherd, E. Popovd, and S.I.Zharkov*

'Department of Mathematics and Information Sciences, Northumbria University, Newcastle upon
Tyne, UK, valentina.zharkova@northumbria.ag.uk

School of Engineering, University of Bradford, Bradford, BD7 1DP, UK

3Department of Physics, Mosc@tate University, Lebedev strt. 1, Moscow, 119991, Russia
“Department of Physics and Mathematics, University of Hull, Kingspmm Tyne, HU6 7RS, UK

PCA analysis reveals two main temporal PCs in SBMF of opposite polarities originating in the
opposite emispheres and running noticeably-pfase (with about a two and half year delay), with
their maximums overlapping in the most active hemisphere for a given cycle. Their maximum
magnitudes are reduced by factor 3 from cycle 21 to 23 overlapping irottleehh 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 maximums of the SBMF waves from cycle 21 towards cycle 23 leads
to lower magnitudes of the SBMF wave in cy@é. Also PCA allowed us to detect 4 pairs of
independent components (ICs) in the SBMF latitudinal distributions: the two main ones attributed
to symmetric flows and the other three pairs of ICs assigned to asymmetric types of meridional
flows. The resu#t implicate dipole and quadruple or triple dipole magnetic structures in the SBMF,
which seems to vary from cycle to cycle in the form of two waves travelling off phase, with a
variable phase shift. The similar PCs and ICs were found in temporal anditeditdistributions of

the sunspot magnetic field for cycle 23. We discuss the first attempts of interpretation of these PCA
results with the modified Parker's dynamo models and their possible implications for the prediction
of the solar activity for theext few cycles.
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TRAPPED ENERGETIC ELECTRONS OF CORONAL LOOPS IN THE DECAY PHASE
OF SOLAR FLARES

Yuriy Tsap, Jing Huang, Yihua Yan

Crimean Astrophysical Observatory, Criméikraine
Central Astronomical Observatory at Pulkovo, Sdhetersburg, Russigur_crao@mail.ru

On the basis of the trgpus-precipitation model, the peculiarities mbnthermal emissions in the
decay phase of solar flares have been considered. The calculation formulas for the escape rate of
trapped electrons into the loss cone in terms of time profiles of HXR and MW emissions have been
obtained. It has been found thée evolution of the spectral indexes of ftbermal emissions
depends on the regimes of the pitch angle diffusion of trapped particles into the loss cone. The
properties of notthermal electrons related to HXR and MW emissions of the solar flare on 3
November 2004 are studied with the NoRH, NoRP, RHESSI, and GOES observations. The spectral
indexes of MW and HXR emissions were constant or decreased, while the MW escape rate as
distinguished from the HXR one was increased. This can be associated witenditféfusion
regimes of trapped electrons into the loss cone. New arguments in favor of an important role of the
strong diffusion for high energy electrons in flare coronal loops have been obtained.
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DEPENDING ON MAGNETIC ACTIVITY GLOBAL DISTRIBUTI ON OF
PRECIPITATING IONS: DMSP F6 AND F7 SPACECRAFT OBSERVATIONS

V.G. Vorobjev, O.l. Yagodkina, Yu.V. Katkalov

1 1 /R ¢t s GBI, Kola Scientific Center, RASYagodkina@pgia.ru

Observations of precipitatingarticles with energies from about 0.3 to 30 keV from DMSP F6 and

F7 spacecraft are used to examine precipitation ion characteristics in different MLT sectors under
different magnetic activity levels. It is shown that in the dusk sector the positionsctbal and

ion precipitation boundaries are nearly coincident for all levels of magnetic activity. However, the
latitudinal distribution of energy fluxes indicates that the positions of electron and ion precipitation
maxima are spatially separated. Maximemergy fluxes of ions is observed at the equatorial
precipitation boundary, while those of electrons at the poleward one. In the dawn sector, the
el ectron preci pdiAt awiidoenr rtehgaino nt hiast 30 i ons. Th
sector islocated in the region of diffuse precipitation (DAZ) near its poleward boundary for all
levels of magnetic activity, while in the dawn sector it falls in the region of structured precipitations
(AOP). Electron precipitations are dominating in all MLTs vitie exception of the evening sector
from 1500 to 2100 MLT. Here in the region of diffuse precipitation (DAZ) the ion energy fluxes are
significant. The ratio of ion to electron energy fluxes increases from ~0.7 to ~ 3.0 with AL magnetic
activity index chaging from-100 nT to-1000 nT. The magnetic activity depending global ion
precipitation model is developed on the base of statistical treatment of spacecraft observations. This
model (APMI- auroral precipitation model, ions) at a specified level of migaetivity (AL and

Dst indices) has allowed one to receive a global distribution of both average ion energy and ion
energy flux in coordinates of corrected geomagnetic lattleT. Comparison of APMI with the

model of electron precipitation (APME) shothat one hemisphere power of ion precipitation
makes only about 14% as compared to the electron power during a low magnetic activity level and
decreases up to ~4% during |AL|>1Q2%.dz
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DISTRIBUTION OF PLASMA NEAR AND BELOW THE MAIN PEAK OF THE
ELECTRON DENSITY IN THE IONOSPHERE OF MARS AND RADIO SCIENCE
EXPERIMENTS

D.l. Bojkov, A.P. Kireev and A.M. KrymsKii

Institute for Physics, Southern Federal University, Roestedon, Russiaamkrym@list.ru

Radio science experiments allow long term monitoring of extended parts of Martian ionosghere a
atmosphere near and below the main peak of the electron density. In the case of top side sounder
total electron content (TEC) and signal attenuation can be derived from frequency dependence of
echo delay and power of radio waves reflected from planstafgce. Absorption of radio waves
caused by electreneutral collisions is expected to be the strongest when there is a sporadic local
enhancement of electron density. TEC can be obtained with appropriate accuracy but details of
vertical distribution ofelectron density below the main electron density peak cannot be reliably
specified. Statistical models and numerical simulations of the electron density distribution around
Mars are not effective because it is impossible to reliably specify whether srpjmatr adi ¢ Al a
existed in the periods when MARSIS AIS onboard Mars Express did not detect radio waves
reflected by the surface or subsurface structures. One can only hypothesize appearance of
enhancements of electron density below the main peak whemitheo sounding signal reflected

by the planetary surface or subsurface structures. The scattering of radio waves by electron density
irregularities is expected to occur primarily near the main peak of electron density in the Martian
ionosphere thatiskmove t he sporadic Al ayerso responsi bl
a result, the scattering and absorption simultaneously contribute to MARSIS AIS signal attenuation,
and the effects of aforementioned processes are inseparable. In the casko adccultation
experiment the sounding signal propagates primarily horizontal, and signal attenuation can be
characterized by minimal planetocentric distance of ray path. That allows, in principle, separation of
the scattering in the ionosphere/atmospee and absorption in the | owe
significant fluxes of energetic electrons penetrate in depth of the Martian atmosphere and generate
sporadic plasma layers with rather high density of low energy electrons there the radio signal
absorption is controlled by space weather. Next, the energetic electrons propagate primarily along
magnetic field lines so that rate of electron impact ionization and consequently radio waves
absorption can be sensitive to the magnetic fields in the &aidinosphere/atmosphere. lonization
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instabilities can also result in sporadic plasma layering and, consequently, in significant signal
absorption.
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Gjdgj cOydd hdte s dZtsfder = 1 dzj ClstetsMisOlsd
Osdyd MSCdd3d + dzj Cls Sdaizd fsdvdd. 14t
dZzdL dtetse Ols! tcOL dagts i B dzts Is tddg dedz'tcs ) b © Hzday
sOEMwdz] Milss2 yder j toj w dzcldzisQG)dzJ dzsG 5 HC
totsdzdzr 7 o tsL dBlzh j dzd s2 Mlse Cslstster 7 fy
zslstetsdedz” = 9 5 dzdz. v O0¢dj
W jte] Mddads 'dj dfits slsissCk dts
Bslstcj dz0 o tsL d3tsy dets M ls G'JdZJtGOudC{ dzgj EMists?2 ydo
a3, Cslsster | o MmMotse sydteJ H! Bsckzls IsOCYJ
fmls dats, Yysts OQF OO daBOc defftdsdsdn W J O | J d3ddzd W o
Odkd, CGHJj Mmkh jMmMsoksls StOHdjdzlsT Ctsdayj dzlstcOyc
dzs?2 tcOBslsj gL Ezyg des o dzd W ded § dzj SH dztstetsH dzts fyls
| StetsMisOldud Mitsets M pd@e 24 totgd ¢ O dadzistiFtde OdeQafzfiag O
Hd j dzlstse f dztslsdesisd d 1 dzj Skstedyd MSEsets  sdzv.

lefnlstSQQq’atsfr]lsq’ d
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[ . 4. stBJE. twBtse, [.1. [WEdBOCSa0O, ¢. 1. 1 jteh dd
ALJ11UL 1TRIAR, G. 1 d) dzddinitry.kstie@nisfissnngv.rut smimdw ,

Isd ud dzd J f sfdzj H dzd = YdIsr tojn dzjils dz0 Mmlsj dzgH |
dzj HBso Odedy dMSEMmMMmise j dedets? dzf s dzs M J 8 dztf 3 v 6 JH dEJOMH
dzj Hdzdj cGtsHTM, dzgO Wtsdzgy ofBLtOMIsOs M j2 Misdzdzj ydz
B3O G dzd Is dzts 2 OCIkdodesfisd dO ~ROLOSIjtedmisdSd d
0¢2 Cowtejdvydd M 20dOydY &3d OdZ® &) dzd |4 desfc iy dif
BOGdzdIsder = otsL Bzh jdedwirn (st O. 3). It otej 3w
HOdZerCB MlsOdzydwY RI[ Rt G1) BTN dzs L O] yJ dets kzd3j dz
o Its eotcjddwy COC [1Y fdddz@deizdcdd® QOBIs fsis @
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J Y BRte! 21 -Ptedg@®@" ((sgetecHH+) 2 16 0OockMmlsO ( ste:
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fdzj Hdzd 2 % OCIlststc oL sy des dzOdBBdzj §j o j tetsWisj dz
sfdzj %+ AWM, CSEHO ot otej Y BRt@. Mip iZtzdzd kO
CdzOdzO WwWodgr i3 tBtcOL td3 Mdzj Hs9 OdZO  LF®) dzte YOG IOy d §
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sB dzOtclzy j d20 dBsHEEY ydw dMSEkMmMmise jdedeg = Mdc de@dztse
[Isd3j Isd d3, Yylsts  jtedtsH 30fp wWodzw jlIlsmw sfdets o dz" o3
focsatsHWh j2 yJjtejL MmMlsjdzH wuLvi ¢, ftodyujd Hd&M) ¢j tsd
FHdodIlsjdz' dz' d3 SBtcOL tsd3 Mtsof OHOs Is f jtodtsSHT Iststefd

fd dzse 52 dddedd. }tsvedddm' KOS 3j shtsej ddashlsd
ots otc] dWdzdfOcmirftc! . s OC fteOQoddzts, dL dzzyjdedj d dzj.
omdr YOMIsslsOr v Y MJdc dzOiasdzy tdy L fist® jOsBiA@HSO dgdLj ddiz ydz
Bzted dzOBdzs HOjlMw dL d3jdzjdedj SOLOSKjteOd §sSdvisd
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dodBasdds] ydids yomisdy o dzj i dzesstEtss f B O daszy
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t OBlsO ftsfmeowh jdz0 i dmOded® f dzOL a3 dzdz" = dzj SH dzts &
Z2OdBtsdzj § Mmkh jMmise jdeder d3 dzj dzd dzj 2 dz" a3 ftetsyj Mmsd3 o
dzj SH dzts to ts oA fij ldsjiv, disH EZdzw yd sdedetsj] oL OddstsH j 2 Misea dj .
ftotsyj mMmr tcOLoado O hdjmw o dzj 2, sCOL" 90jlIs Mmts
tcOL tcOB tsls Odg B stsHT st d MOded W B HEZ &Y yd s dadzts 2

Bsdetsh etsBOIsd yj ME 52 g ts dztdzef MO @Y S BsH 2Zldas y d s dzdzts 2

Mtsdzdz] ydesets dL dzkyj dedv I sdz' L s9 Odedy MIlsOdzH Otels dzr
Hdzv  tsyj dz ZLSCdr HdOY OLBdtse §OttOd] Istetso Clstste
BOMh IsOB T dzj sH destotsH detsfls j 2. W o dzwisids2mw fn oQHLIAE o @ ks Hats
BsHEZdY ydsdedes?2 dzj Emlsts2 ydoesmisd hdqesSdr fMtf j Clstetso
Mkh jMmise jdzde &3 sBOL sz tsIs jj ~OttOCIsjtcd® o Mdzzyoj
W dzw jIsfpw tOLtcOBBISCO i3 stsH tsas sBRudifg ®dgdsy| it molis @& 4
osdzdz o L O dzj dedegs? sdgsmW jtedes? § &OL d5j. Jr otsHW
OdzOdzd L . l etso SHW Isfpw tsyd dz€ d nOteOCIsj todz” n BOMmN I
sBEkMdzse dzj dedgr = BsHEZEY ydsdzder &3 o L Od Bt j RGESdEE(H] jdsizd
it OBtSlIsO o' {f btztzg OB vso jIsO 5 ctwcOdEsOdz 1 tejLd
203.2012.5) H dzw f8HHJ ey &;d JolgQudad i - 1 talgQ lzcfupdg” d2ls O
AjHjteOYydd HAzW®sqgismH] tp&GiHinmd2 MSdr BIpd. 20 (8 tcd s
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MONITORING CORONAL MASS EJECTIONS AND SPACE WEATHER AT NASA
GODDARD SPACE FLIGHT CENTER

A. Taktakishvili , A. Pulkkinen, Y.Zheng, L. Mays, P. MacNeice, M. Kuznetsova

NASA Goddard Space Flight Center (GSFC NASA)
We will demonstrate the tools of modeling of propagation of coronal mass ejections in the
heliosphere used at the Space Weather Research Center (SWRC) and Community Coordinated

Modeling Center (CCMC) of NASA/GSFC. We will also show how we monitor space weather
condtions at the Earth and NASA missions.
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A CONTRIBUTION OF BM SW TO SOLAR WIND PHY SICS: OVERVIEW OF RESULTS

Z. NemeceR, J. Safrankovd, L. Prech!, G. Zastenkef, O. GoncharoV, P. Caga$, A. Pitna’,
A. Komarek®, K. Jelinek!, M. Riazantsev&

'CharlesUFMPh, Prague, Czech Republic, zdenek.nemecek@mff.quni.cz
?IKI RAN, Moscow, Russia

The paper presents new results from data analysis of the BMSW instrument onboard thié&kSpektr
project. These highesolution plasma measurements contribute to maelgsfiof solar wind
physics. We concentrate our attention on solar wind properties like the plasma turbulence and
helium abundance and on interplanetary (IP) shock features. We present: (1) a short study of the
frequency spectra of the ion flux through IRosks; (2)a contribution to the discussion arave

trains connected with the IP shock8) an analysis of subcritical or marginally critical IP shocks

that reveals that the ion transition scale determined from direct measurements of plasma moments
(speed temperature, and density) is of the same order as the ramp thickness determined from the
magnetic field and that the ion transition scale is directly proportional to the ion thermal gyroradius;
and (4)a systematic study of fast variations of the He dbnce that supports the idea that a
majority of these variations on short timescalé8(Bs) are generated by-iransit turbulence.
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[Khabarova Olga, and Obridko VladifiPuzzles of the Interplanetary Magnetic Field in the Inner
Heliosphere 2012, Astrophysical Journal, 761, 2, 82, doi:10.1088/@&3¥X/761/2/82,
http://arxiv.org/pdf/1204.6672v2.pdf

[ . MOB Oy P zOdzj sdets] BOGdzdIlsdztsy  tsdzj : L Oo d Mmd d3ts
dMstetsdzsdzd yd MSd2 Y kztei®Bdz, 2013, 90, 11, 919
http://files.olgakhabarovavebnodecon’2000000250b3e49c383Khabarov2013RU.pdf.
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[1]. Isaikina O., Kuksa Yu., Shibaev Knalyses of Céracteristics of Longrerm Monitoring of
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(B), 2012, p. 1064 1073.
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PROPERTIES OF TURBULENCE AND BURSTY BULK FLOWS IN THE PLASMA
SHEET USING THE DATA OF THEMIS SATELLITE MISSION

M.V. Stepanovd, E.E. Antonova™, I.L. Ovchinnikov?, I.P. Kirpichev®?,
V. Pinto”, J.A. Valdivia®

'Universidad de Santiago Chile, Santiagthile, marina.stepanova@usach.cl
’Skobeltsyn Institute for Nuclear Physics, Lomonosov Moscow State University,
Moscow, Russian Federatipn

3Space Research Institute, RAS, Moscow, Russian Federation

*Department of Atmospheric and Oceanic Scierld€s,A,

>Physics Department, Science Faculty, Universidad de Chile

We present a review of main properties of the turbulence in the plasma sheet including the eddy
diffusion, energy transport, intermittency, and the infuence of the bursty bulk flow eVaete

studies have been done using the THEMIS satellite ESA, SST and FGM data. It was found that the
properties of the turbulence are strongly dependent on the location within the plasma sheet and less
on the geomagnetic conditions. Even during quiet ggoetec conditions plasma in the plasma
sheet is strongly turbulent. The level of turbulence increases to the tail and intensifies during
geomagnetic substorms, especially during the expantion phase. Study of spatial distribution of the
BBFs in the inner red outer plasma sheet for quiet and disturbed geomagnetic conditions also
showed that BBFs could be an inherent component of the intermittent turbulent cascade in the
central plasma sheet.
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RELATIVISTIC COSMIC -RAY BACK-REACTION INSTABILITY ALONG THE
BACKGROUND MAGNETIC FIELD

A.K. Nekrasov* and M. Shadmehri

Ynstitute of Physics of the Earth, Russian Academy of Sciences,
Moscow, Russjanekrasov@ifz.ru

In the multifluid approach, we investigate streaming instability of the elegtetosmicray
astrophysical objects in which homogeneous cold cosmic rays have a drift velocity perpendicular to
the backgroundmagnetic field. Onelimensional perturbations along the magnetic field are
considered. The induced return current of the background plasma and thedrokn of cosmic

rays are taken into account. It is shown that the cosayidackreaction resultsni the streaming
instability having the considerably larger growth rate than that due to the return current of the
background plasma. This increase is by a factor of the square root of the ratio of the background
plasma mass density to the cosirag one. e maximal growth rate and the corresponding wave
number are found. The results can be useful for the investigation of the eleatrastrophysical
objects such as galaxy clusters and supernova remnant shocks including the dynamics of streaming
cosmic rgs.
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