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Abstract

Statistical analysis of ground level ozone concentration and five other mete-
orological parameters which is based on systematic measurements during 2007—
2009 in Sofia and Plana stations is presented. The parameters are: wind speed
and wind direction, total solar radiation, precipitation, air temperature and
relative humidity. Diurnal, monthly and seasonal behaviour of the listed above
elements is analyzed. The following features, based on this analysis, were es-
tablished:

e Two main trends clearly emerged — positive correlation of the ground
level ozone with solar radiation and air temperature; negative correlation of
ozone with relative humidity.

e Positive correlations between the ozone and the measured meteorological
parameters have a seasonal course.

e Negative correlation between the ozone and the relative humidity has
not a seasonal course.

e Separation of the diurnal data to day and night data allows us to see
some effects which are causal by day and night processes, i.e. diurnal data
smooth the day and night effects.

Key words: statistical analysis, ground level ozone, systematic measure-
ments, seasonal trend
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Abstract

The ground level enhancement (GLE) of cosmic rays (CRs) on December of 13,
2006 is one of the biggest GLEs in 23rd cycle (behind GLE 69 from 20 January 2005 only)
in minimum phase of solar cycle. The greatest maximum was recorded at Oulu Neutron
Monitor Station (92.1 %), i.e. the maximum of GLE70 was recorded at sub-polar stations,
which shows that the anisotropy source was located near the equator.

Here we compute in details the ionization effects in the terrestrial middle
atmosphere and ionosphere (30-120 km) for various latitudes. The computation of electron
production rate profiles q(h) is according the operational model CORIMIA (COsmic Ray
lonization Model for lonosphere and Atmosphere). This improved CR ionization model is
important for investigation of the different space weather effects. The influence of galactic
and solar CR is computed with the new version of CORIMIA code, which is with fully
operational implementations. The solar CR spectra are taken from recent reconstructions
from ground based measurements with neutron monitors. Hence we compute the time
evolution of the electron production rates q(h) in the ionosphere and middle atmosphere.

The cosmic rays determine to a great extent the chemistry and electrical
parameters in the ionosphere and atmosphere. They create ozonosphere and influence
actively the stratosphere ozone processes. But the ozonosphere controls the meteorological
solar constant and the thermal regime and dynamics of the lower atmosphere, i.e. the
weather and climate processes.
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WHAT CAUSES GEOMAGNETIC ACTIVITY
DURING SUNSPOT MINIMUM?
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!Space Research ant Technologies Institute — BAS, Sofia, Bulgaria
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YTO ONPEJAEJJAET TEOMATHUTHYIO AKTUBHOCTD
B MUHUMYME COJTHEYHBIX ITATEH?

Kupos B.l, ACEHOBCKH C.l, I'eopruena K.l, Oo6puako B.H.’
lHHcmumym Kocmuueckux uzcnedsanuit u mexnonoeuti — bAH, Cogpus, boneapus
2H3MUPAH, , Ipouyx, Poccus

B pabome noxasamo, umo cpeoHsis 2eoMAacHUMHASL AKMUBHOCMb 60 8DEMSL MUHUMYMA
CONHEYHBIX NAmeH 8 NocieoHux 4 yuxnax nociedosamenvro yovieaem. Kpome mozco, ycma-
HOBIEHO, 4mMO OHA He 3aéucum om eapuayuil uucia uluiu napamempos KOPOHALbHBIX
8b1OpOCco8 maccwl ulunu yOapHot GOMHbl, CEA3AHHOU C BbLCOKOCKOPOCHHbIMU NOMOKAMU
conneynozo eempa. lloxkaszano, umo y ()oHo6020 conHeynHoz2o eempa 08¢ KOMNOHEHMbL: 0OHA
co ckopocmwio 00 450 kmle, opyeas — eviwe 490 xmlc. Hcmounux meonennoco eempa —
2enuocghepuvlil. moKoswvlll Cioll, a bonee ObICMpPol KOMHOHEHMbL — NOJAPHbIE KOPOHANbHbLE
Ovipol. Cpeonsasn 2eoMacHUMHASL AKMUBHOCb 80 8PeMSL COTHEYHO20 MUHUMYMA ONPeoeisiemcs
He MONbKO MOMYUHOU 2eTUOCHEPHO20 MOKOBO20 CNOSl, HO U NAPAMEMPAMU IMUX O08YX
KOMNOHEHM CONHEYHO20 8empda, KOMopble USMEHAIOMCS OM YUKILA K YUKILY.

1. Introduction

Since the beginning of the geomagnetic measurements, the variations in the
geomagnetic field have been related to solar activity. It is now known that big
sporadic (non-recurrent) geomagnetic storms are caused by coronal mass ejec-
tions (CME). CMEs like sunspots are manifestations of the solar toroidal field
and during sunspot maximum there is also a maximum in geomagnetic activity.
Other sources of geomagnetic activity are the coronal holes — open unipolar
magnetic field areas from which the high speed solar wind (HSS) emanates. Ge-
omagnetic disturbances caused by HSS have maximum during the sunspots de-
clining phase. These lead to two geomagnetic activity maxima in the 11-year
sunspot cycle. In sunspot minimum, even during long periods without sunspots
and without low-latitude coronal holes, geomagnetic disturbances are still ob-
served.

Actually, geomagnetic activity can be divided into 3 components. The first
one is the “floor”, equal to ao coefficient which represents the geomagnetic ac-
tivity in the absence of sunspots. It is practically determined by the activity in
the cycle minimum and varies smoothly from cycle to cycle. The second com-
ponent is the geomagnetic activity caused by sunspot-related solar activity
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W3MEPEHUWA 30HIOM JIEHI'MIOPA HA BOPTY
MEKAYHAPOJHOU KOCMHUYECKOU CTAHIIMHU
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B nacmosuweii pabome mui onucvisaem pabomy npubopa 3ono Jlenemiopa na 6opmy
Medicoynapoonoii kocmuueckot cmanyuu. dmum npubopom Onpeodensiomcs napamempol
MepManbHOU NAA3Mbl — IeKMPOHHAS MmeMnepamypa u KoHyenmpayus s1ekmponoé Ne u
uonos Ni 6 okpecmnocmu cmanyuu. Tem dce npubopom uzmepsiemcs u NOMEHYUAL KOpnyca
omuocumenvHo niazmul. Ilpubop pacnonoscen Ha oxkono 1,5 m om nosepxHocmu cmaunyuu Ha
poccuiickom mooyie «36e30a», Komopblii HAXO0UMCS 8 CAMOU YOAlIeHHOU MOYKU, CMOMPSL NO
sexmopy cxopocmu. Kpome moco npubop skpanupyemcs om Habeearouje2o (no 6ekmopy
ckopocmu) nomoka niaasmel mooyrem Multi-Purpose Laboratory (MLM). Hsmepenus
NOKA3aMU, 4mo 6 OSMOU 30He KOHYeHmpayus niasmvl Ha 2 NOpSOKA MeHbule, 4eM 6
HegosmyuenHou 30H. [lomenyuan xopnyca xoneonemcs mexcoy 3 u 20 eonema, HO 6ce20a
ompuyamenes OMHOCUMENbHO NAA3MBbL.

Introduction

The Langmuir probes LP are part of the international Plasma-Wave Com-
plex (PWC) “OBSTANOVKA” experiment aboard the International Space Sta-
tion (ISS). The purpose of the PWC experiment is regular measurements of the
wave and plasma parameters near the surface of the Russian module of the ISS -
monitoring of the surface charging, noise and perturbations caused by ISS and
its various experiments. PWC consists of several instruments [1]. Two of them
are the Langmuir probes LP1 and LP2 which are designed and manufactured by
Bulgarian scientists.

The Langmuir probe is one of the classical instruments for plasma diagnos-
tics [2] and among the first space-borne instruments. Langmuir probes have
been successfully used aboard a number of rockets and satellites for in situ
measurements of thermal plasma parameters in the terrestrial ionosphere [3], at
other planets [4] and comets [5].
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Abstract—It is well known that the main drivers of geomagnetic disturbances are coronal mass ejections
whose number and intensity are maximum in sunspot maximum, and high speed solar wind streams from low
latitude solar coronal holes which maximize during sunspot declining phase. But even during sunspot mini-
mum periods when there are no coronal mass ejections and no low latitude solar coronal holes, there is some
“floor” below which geomagnetic activity never falls. Moreover, this floor changes from cycle to cycle. Here
we analyze the factors determining geomagnetic activity during sunspot minimum. It is generally accepted
that the main factor is the thickness of the heliospheric current sheet on which the portion of time depends
which the Earth spends in the slow and dense heliospheric current sheet compared to the portion of time it
spends in the fast solar wind from superradially expanding polar coronal holes. We find, however, that though
the time with fast solar wind has been increasing in the last four sunspot minima, the geomagnetic activity in
minima has been decreasing. The reason is that the parameters of the fast solar wind from solar coronal holes
change from minimum to minimum, and the most important parameter for the fast solar wind’s geoeffectiv-
ity—its dynamic pressure—has been decreasing since cycle 21. Additionally, we find that the parameters of
the slow solar wind from the heliospheric current sheet which is an important driver of geomagnetic activity
in sunspot minimum also change from cycle to cycle, and its magnetic field, velocity and dynamic pressure

have been decreasing during the last four minima.
DOI: 10.1134/S0016793215080149

1. INTRODUCTION

As early as in the middle of the 19th century, it was
found that the minima and maxima in the average rate
and size of magnetic disturbances at widely separated
observatories coincide, and correspond to minima and
maxima in sunspot numbers [Sabine 1852]. It is now
known that there are two maxima in geomagnetic
activity during the sunspot cycle. The major geomag-
netic storms which follow the sunspot cycle are caused
by coronal mass ejections [Gosling, 1993], and are the
source of the maximum of geomagnetic activity in
sunspot maximum. Another source of geomagnetic
activity are the high speed solar wind streams (HSS),
which originate from the coronal holes—open unipo-
lar magnetic field areas [Sheeley Jr. et al., 1996]. Coro-
nal holes are biggest and in most geoeffective position
during the sunspots declining phase, causing a second-
ary maximum in geomagnetic activity.

[Feynman, 1982] showed that for every number of
sunspots R, there is some minimum value below which
the geomagnetic activity measured e.g. by the geomag-
netic aa-index cannot fall. This minimum value
depends linearly on the number of sunspots, and is
determined by the equation aaz = a, + b. R, where aay
is the minimum geomagnetic activity for a given num-
ber of sunspots, R is the international sunspot number,

! The article is published in the original.

and a, and b are constants. The values above this line,
aap=aa — aay, are due to the contribution of HSS to
geomagnetic activity. Therefore, geomagnetic activity
can be divided into two parts: aaz—sunspot-related
and due to CMEs, and aap—non sunspot-related, due
to HSS. [Kirov et al., 2013] noticed that a, and b cal-
culated by different authors and for different periods
differ, and found that this is not a result of the different
computational methods used, but g, and b indeed vary
from cycle to cycle and have cyclic long-term varia-
tions. Moreover, the geomagnetic activity should be
divided into 3 rather than 2 components to better track
its variations. The first component, equal to the a,
coefficient, is the “floor” below which geomagnetic
activity cannot fall even in the absence of sunspots,
and is obviously not related to sunspots. a, is practi-
cally determined by the activity in the cycle minimum.
The second component is the geomagnetic activity
caused by sunspot-related solar activity which is
described by the straight line aa; = b*R so that aaz =
a, + aar. The slope b of this line also changes cycli-
cally. The third component aap (the value above aap)
is caused by high speed solar wind (Fig. 1).

The subject of the present study is to find what
determines the height of the geomagnetic activity floor
a, and, respectively, the geomagnetic activity in sun-
spot minimum.

1033



Validation of Cosmic Ray Ionization Model
CORIMIA Applied for Solar Energetic
Particles and Anomalous Cosmic Rays

S. Asenovski, P. Velinov and L. Mateev

Space Research and Technology Institute, Bulgarian Academy of Sciences,
Academician Georgi Bonchev Street, Bldg. 1, 1113 Sofia, Bulgaria

Abstract. Based on the electromagnetic interaction between the cosmic ray (CR) and the atmospheric neutral
constituents, CORIMIA (COsmic Ray Ionization Model) gives an estimation of the dynamical ionization condition of the
lower ionosphere and middle atmosphere (about 30—120 km). Galactic Cosmic Rays (GCR), modified by solar wind and
later by geomagnetic and atmospheric cut offs, produce ionization in the entire atmosphere. In this paper we show the
GCR ionization in periods of solar minimum and maximum. Despite the considerably lower energies than GCR,
Anomalous Cosmic Rays (ACR) contribute to the ionization state mostly over the polar regions and as we present here
this contribution is comparable with those of GCR. Solar energetic particles (SEP), which differ vastly from one another
for different solar events, can be responsible for significant ionization over the high latitude regions. Here we compare
flows of SEP caused by two of the most powerful solar proton events at February 23, 1956 and January 20, 2005.

Keywords: cosmic rays, cosmic ray ionization, solar energetic particles, numerical modeling
PACS: 96.50.S-, 96.50.Vg, 95.75.Pq

1. INTRODUCTION

Cosmic rays (CR), highly energetic charged particles, have three main components: galactic cosmic rays (GCR),
solar energetic particles (SEP), and anomalous cosmic rays (ACR). They modulates ionization state of the Earth’s
atmosphere and ionosphere and in this way through atmospheric chemistry and global electric circuit, CR may are
involved in determining of the Earth’s weather and climate (Rozanov et al. [1], Usoskin and Kovaltsov [2], Tinsley
et al. [3], Tinsley [4]).

The aim of this work is to present the calculation of GCR, SEP, and ACR electron production rates calculated by
the analytical model CORIMIA (COsmic Ray Ionization Model for lonosphere and Atmosphere). One is
emphasized on:

Short discussion about CR ionization in the atmosphere and ionosphere
Describing the basic steps of the CORIMIA model and GCR ionization
Ionization rate during SEP flows caused by two solar proton events
ACR ionization over the Polar Regions

Space Plasma Physics
AIP Conf. Proc. 1714, 040001-1-040001-6; doi: 10.1063/1.4942575
© 2016 AIP Publishing LLC 978-0-7354-1361-0/$30.00
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Heliospheric Current Sheet as a Factor of Geomagnetic Activity
Floor

Asenovski S.

Space Research and Technology Institute, Bulgarian Academy of Sciences, Sofia, Bulgaria
E-mail: asenovski@gmail.com

Abstract

Observable significant depressions of the Earth’s magnetic field, which are an indicator
for changes in the near-Earth space plasma parameters, are caused mainly by transient
Interplanetary coronal mass ejections (ICME) and High speed solar wind streams (HSS).
However, even in the absence of these two manifestations of the solar activity, when our
planet “floats” in the relatively “quiet” space, there are still geomagnetic disturbances.
Considering the ICME and HSS free periods for the last four solar cycles, in this work it is
shown that the role of the heliospheric current sheet (HCS) in the geomagnetic activity “floor”
is significant.

Introduction

According to the NOAA Space Weather Scales (http://www.swpc.noaa.gov/noaa-scales-
explanation) a geomagnetic storm can be defined when the geomagnetic planetary index Kp is
at least 5 or greater. Considering the global picture of the geomagnetic disturbances most of
the time (up to 60 %) during any 11-years solar cycle (SC), Kp is less than 5 (fig. 1). There
are two phenomena causing relatively strong geomagnetic storms: high speed streams (HSS)
ejected by solar coronal holes and the interplanetary regions identified with the coronal mass
ejections (CMEs) [1-2]. However, even in the absence of these two manifestations of the solar
activity, when our planet “floats” in the relatively “quiet” space, there are still geomagnetic
disturbances. For example each two years around any solar minimum up to 50 % of the time
the Earth’s is not influenced by HSS nor CME [3] and at the same time Kp is different from
zZero.

Feynman [4] linked geomagnetic activity and sunspots, in a way to show that the annual
average aa index can be decomposed into two functions — the first one caused by short lived
solar wind sources (CME, short lived coronal holes) and the second one related
predominantly to the polar coronal holes (HSS). Further research [5] supplies additional
component which expresses the geomagnetic activity in the absence of sunspots, i.e. the
geomagnetic activity “floor”. All these three components represent how the long-term
averages of the solar wind drivers influence the Earth’s magnetosphere.

Recognizing the geomagnetic “floor” as an averaged state of the disturbed geomagnetic
field when there are no sunspots actually neglects the fact that even in the spotless Sun there
can be a HSS reaching the Earth [6]. If we assume an average Kp index (or any other
geomagnetic index) in a relatively long time interval with no HSS and ICME (quiet periods),
we can define the geomagnetic activity “floor” as a minimal value of the index under which
the geomagnetic activity cannot fall. In the specific case when the averaged time interval is
short (few hours or days) the geomagnetic “floor” cannot be defined or it will be zero. One of
the first questions which arise here is what determines the geomagnetic floor variation? The
answer probably includes factors such as properties of the slow solar wind (which originate
from regions near the equatorial coronal streamers), properties of the fast solar wind (coming
from the polar coronal holes) and conditions inside the magnetosphere.

In this work it is argued that an additional influence on the geomagnetic “floor” can be
caused by the heliospheric current sheet (HCS) in sense of its crossing.

70 Solar Wind-Magnetosphere-Ionosphere Interactions
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HELIOSPHERIC CURRENT SHEET AND GEOMAGNETIC FIELD

Asenovski S.
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T'EJJUOCP®EPHBIA TOKOBBIN CJIOM U TEOMATHUTHOE IOJIE

AcenoBcknu C.
UKUT-BAH, Coghus, Boreapus

Tenuocgepuniii mokoswiti cnoii (I'TC), komopwiil paszoensiem eeauocgepy na 0se 06.a-
CMu € pazHoll MazHUMHOU NOJAPHOCIBIO, MOOYIUPOBAH CONHEYHOU aKkmusHocmyio. Bo epems
conneynoeo maxcumyma I'TC cunvHo HakpeneH, a 60 8peMsl COTHEUHO020 MUHUMYMA OH NOYMU
cognadaem ¢ 9K6amopuanbHou niockocmu. Hexomopbvle ucciedosanus noxazwléaiom, 4mo
napamempuvl COTHEYHO20 6empa (NPOMOHHAA MeMnepamypd, CKOpoCms COIHEYHO20 6empd,
NIOMHOCMb U Op.) cuibHo mensiomces oausu I'TC. 3emHoll MacHumHbLI OUNOIbL nepecekaem
I'TC necxonvko paz xkaxcowiii mecsy. Llenvto 0anHot pabomol A615eMCs UCCIE)08aAHUE NOBe-
O0eHus: 2eomazHumuo2o noas Ha nepecevenuu I'TC. /s amou yeau Ovlau UCnoIb308aHbl IKC-
nepumeHmanbHvle OanHvle 0Jisi eeomachumusix unoexcoe DST u AE npeocmasnennvie mupo-
8bIM YEHMPOM OJis 2e0MAacHUMHbIX OanHbix Kuomo, Anonus; oannvie 0ns napamempos coi-
neunozo eempa uz OMNI data base, a makowce dannvie 0 cekmopnoil cmpykmype conneuHo20
eéempa, npeocmasnernnvle om Ceaneapo.

Introduction

Geomagnetic activity is driven by dynamical processes occurring in the
near Earth solar wind. Interplanetary coronal mass ejections (ICME) and high
speed solar wind streams (HSS) are most commonly recognized as main genera-
tors of magnetic storms [2]. However, small fluctuation of the geomagnetic field
(0<Kp<3) appears in more than 60% of the time in the last four solar cycles
(Fig. 1). Such fluctuation may be caused by properties of the slow solar wind,
which originates from regions near equatorial coronal streamers; properties of
the fast solar wind, coming from polar coronal holes or conditions inside the
magnetosphere. This research examines a possible influence of the heliospheric
current sheet crossings on the geomagnetic fluctuations.

Heliospheric current sheet crossings

Heliospheric current sheet (HCS) is a dynamic object which can be de-
scribed as a plane separating the heliosphere into two regions with opposite
magnetic polarity. It is roughly ~10000 km thick at 1 AU [5] and its inclination
Is modulated by the solar activity - during solar minimum it nearly matches the
solar equatorial plane and it is highly inclined during solar maximum [3-4]. A
highly variable and high-beta region covers HCS named heliospheric plasma
sheet (HPS) [1]. Its thickness ranges from 220000 to 400000 km [5].
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Abstract—In the current work we describe the Langmuir Probe (LP) and its operation on board the Interna-
tional Space Station. This instrument is a part of the scientific complex “Ostonovka”. The main goal of the
complex is to establish, on one hand how such big body as the International Space Station affects the ambient
plasma and on the other how Space Weather factors influence the Station. The LP was designed and devel-
oped at BAS—SRTI. With this instrument we measure the thermal plasma parameters — electron temperature
Te, electron and ion concentration, respectively Ne and Ni, and also the potential at the Station’s surface.
The instrument is positioned at around 1.5 meters from the surface of the Station, at the Russian module
“Zvezda”, located at the farthermost point of the Space Station, considering the velocity vector. The Multi-
Purpose Laboratory (MLM) module is providing additional shielding for our instrument, from the oncoming
plasma flow (with respect to the velocity vector). Measurements show that in this area, the plasma concen-
tration is two orders of magnitude lower, in comparison with the unperturbed areas. The surface potential
fluctuates between —3 and —25 volts with respect to the ambient plasma. Fast upsurges in the surface poten-

tial are detected when passing over the twilight zone and the Equatorial anomaly.

DOI: 10.1134/50016793216080120

1. INTRODUCTION

The Langmuir probe is one of the classical instru-
ments for plasma diagnostics (Mott-Smith and Lang-
muir, 1926) and among the first space-borne instru-
ments. Langmuir probes have been successfully used
aboard a number of rockets and satellites for in situ
measurements of thermal plasma parameters in the
terrestrial ionosphere (Brace et al., 1998), at other
planets (Krehbiel et al., 1980) and comets (Grard
et al., 1989). In general any object with a good con-
ductivity, submerged in plasma can act as a Langmuir
probe. We can apply a voltage, changing within a cer-
tain range, to the probe and measure the current. The
dependency between of the measured probe current
and correspondent voltage is called “probe character-
istics” or “current—voltage characteristic”. From the
shape of the curve and the amplitude of the given
“current-voltage characteristic” we can obtain the
plasma parameters. The interpretation of the results
from the Langmuir probe is not an easy task, which is
additionally complicated during space experiments by
the fact that the probe together with the spacecraft is
moving with respect to the ambient plasma. The gen-

! The article is published in the original.

eral form of the equation motion for a spherical or
cylindrical probe is given by Hoegy and Wharton
(Hoegy and Wharton, 1973). The general equation for
the probe current does not give analytic solution and
in this case an appropriate approximation should be
used. Each of these approximations introduce an error
in the interpretation of the results. The accuracy of the
approximations depends on the plasma parameters,
but also on the velocity of the object and the shape of
the probe. Our main goal is to choose proper shaped
probe and to use approximations suitable for measure-
ments from a moving object in the Ionosphere. After
solving this problem we have to determine how the
thermal plasma parameter changes with the proximity
from the ISS. Also we need to establish how ISS
potential changes under the impact of the different
Space Weather factors.

2. INTERPRETATION OF THE “CURRENT—-
VOLTAGE CURVE”

Typical ,,current-voltage curve® is shown on Fig. 1.
The curve consist of three sections: as in the section of
ion saturation (1) the probe potential is negative
enough to repel all the electrons, while the ions are
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Current Sheet Crossings!

S. Asenovski
Space Research and Technology Institute, Bulgarian Academy of Sciences, Sofia, Bulgaria

e-mail: asenovski@space.bas.bg
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Abstract—The heliospheric current sheet (HCS) is modified by the solar activity. HCS is highly inclined
during solar maximum and almost confined with the solar equatorial plane during solar minimum. Close to
the HCS solar wind parameters as proton temperature, flow speed, proton density, etc. differ compared to the
region far from the HCS. The Earth’s magnetic dipole field crosses HCS several times each month. Consid-
ering interplanetary coronal mass ejections (ICME) and high speed solar wind streams (HSS) free periods an
investigation of the HCS influence on the geomagnetic field disturbances is presented. The results show a
drop of the Dst index and a rise of the AE index at the time of the HCS crossings and also that the behavior
of these indices does not depend on the magnetic polarity.

DOI: 10.1134/S0016793217080035

1. INTRODUCTION

The Heliospheric current sheet (HCS), the
dynamic barrier that separates the Heliosphere into
two main parts with dominant opposite magnetic
fields, is a result of a combination between the contin-
uous solar wind flow, solar magnetic field and rota-
tion. Its form is modified by the changing angle
between the solar rotation axis and the direction of the
Sun’s magnetic dipole, which strongly depends on the
phase of the solar activity. As a well-defined object in
the interplanetary space, with its varying behavior,
HCS interacts with the Earth’s magnetosphere.

With the discovery of the sector structure of the
interplanetary magnetic field (IMF) (Ness and Wil-
cox, 1964; Wilcox and Ness, 1965) it was shown that
there are relatively small geomagnetic disturbances
caused by sector boundary crossing (Wilcox and
Ness, 1967). In the next few years a number of
papers examine the relation between IMF and geo-
magnetic field variations (Mansurov, 1969; Iwasaki,
1971; Friis-Christensen et al., 1971). Detailed and
useful list of the interplanetary magnetic sector
structure covering the period 1921—1971 was pub-
lished, based on the polar geomagnetic records
(Svalgaard, 1972). Using superposed epoch analysis
for 23 sector boundary crossings in 1968, Wilcox and
Colburn (1972) examined the behavior of the Kp
index, which in general shows similar variations at
sector boundaries — average Kp reaches a peak
almost at the time of crossing. Further investigation
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shows that an increase of the AFE index at sector
boundaries also occurs and a possible explanation is
the prolonged period with southward component of
the IMF (Hirshberg and Colburn, 1973).

Several decades after these first studies we know
that geomagnetic activity is driven by dynamical pro-
cesses occurring in the near Earth solar wind. Inter-
planetary coronal mass ejections (ICME) and high
speed solar wind streams (HSS) are most commonly
recognized as main generators of geomagnetic storms
(Richardson and Cane, 2012). Very often, the geo-
magnetic activity is classified in different strength
levels (Gonzalez et al., 1994). Using these classifica-
tions it was possible to examine the geoeffectiveness
of the interplanetary shocks, ICME and magnetic
clouds, sector boundary crossings, etc. It was shown
that more than 25% of the 946 sector boundary
crossings are followed by intense or moderate geo-
magnetic activity (Echer and Gonzalez, 2004).

Nearly quiet activity level of the geomagnetic field
(0 < Kp < 3) appears in more than 60% of the time in
the last four solar cycles (Fig. 1). Slight fluctuations
may be caused by the properties of the slow solar
wind, originating from regions near equatorial coro-
nal streamers; properties of the fast solar wind, com-
ing from polar coronal holes or conditions inside the
magnetosphere. This research is focused on the
influence of the heliospheric current sheet crossings
on the geomagnetic fluctuations in the last five solar
cycles.
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In the present work we show that it is possible to predict the maximum sunspot number for a particular solar cycle
from the maximum value of the solar dipole magnetic field of the previous cycle. Based on the measured dipole
field maximum, we determine the geomagnetic activity in the upcoming solar minimum during the intervals when
the Earth is not exposed to CME and HSS influences. The physical meaning of the relationship between the

geomagnetic activity in the solar activity minimum and the maximum value of the solar dipole magnetic field is
that the basic factor determining the geomagnetic activity during the minimum is not the heliospheric current
sheet thickness but the physical parameters of the slow solar wind in this period.

Then, based on the established relationship between the average geomagnetic activity at the specified mini-
mum and the next solar maximum, we can predict the sunspot maximum of the next solar cycle.

1. Introduction

Predicting solar and geomagnetic activity is one of the biggest chal-
lenges to solar-terrestrial physics — not only because the accuracy of the
predictions is an indication of our understanding of how the Sun operates
and how the solar activity agents interact with the Earth's system, but
also because our increasingly technological society is becoming
increasingly vulnerable to the possibly adverse effects of space weather.

Nowadays, continuous observations of the Sun by ground-based and
space-borne instruments make it possible to forecast with improving
accuracy the short-term (hours to days) solar activity like solar flares and
coronal mass ejections from active regions, and high speed solar wind
streams from coronal holes. On the other hand, the long-term (cycle-to-
cycle) variations of solar activity are much less understood, and there-
fore, the forecast of the future sunspot cycles is still highly uncertain.

At present, various methods are employed: both mathematical pre-
dictions (statistical, spectral, neural networks), and more or less physics
based forecasts (dynamo model, precursors). However, the resulting
forecasts vary over a wide range, even if based on the same methods.
Pesnell (2008) summarized the published expected values for the
amplitude of the current sunspot cycle 24, and they ranged from below
50 to almost 200 (measured by the original International sunspot
number).
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More than half a century ago the amplitude of the ~11-year sunspot
cycle was found to be well correlated with, and consequently possible to
forecast based on the minimum level of geomagnetic activity in the
beginning of thecycle (Ohl, 1966) or on the level of geomagnetic activity
during the late declining phase of the previous cycle (Ohl and Ohl, 1979).
This precursor method based on the level of geomagnetic activity is still
considered as the most reliable one.

One disadvantage of this technique is that the forecast can't be made
before the previous sunspot cycle has finished, because no method is
available to date to estimate in advance the geomagnetic activity around
sunspot minimum. Another, even more important problem, is that
different modifications of the method yield different results: for example,
for cycle 23, Lantos and Richard (1998) forecasted a maximum amplitude
of about 168 + 15, while Hathaway et al. (1999) expected a maximum of
about 150 — both well above the observed value. For cycle 24, the fore-
casts based on geomagnetic activity precursors summarized by Pesnell
(2008) ranged between 120 and 160. The reason to apply different
modifications is that the physical mechanism responsible for the differ-
ences in geomagnetic activity during geomagnetically quiet periods in
different sunspot minima is not quite clear yet.

The goals of the present paper are to summarize what we know about
the solar sources of geomagnetic activity in sunspot minimum periods,
and to investigate the possibility to forecast, based on observations of the
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Abstract

Studying the high speed solar wind streams (HSS) behavior over the course of a solar cycle
(SC) can give a valuable knowledge about solar activity. Using the experimental data for the solar
wind parameters close to Earth, the variation of the HSS over the last four SC (21+24) is shown.
While the HSS velocity and appearance for the SC 21+23 have similar distribution — the maximum of
both is around declining phase of solar activity cycle; the situation in SC 24 is not well defined. For
the last 24 cycle 302 HSS events were isolated and their maximum speed was estimated.

Introduction

According to the flow properties, the near-Earth’s solar wind generally is
treated as a three component system: high speed streams (HSS), slow solar wind
and streams associated with coronal mass ejections (CME) [1]. The frequency of
occurrence and intensity of these three components depends strongly on the phase
of the solar activity cycle, as large scale Sun’s magnetic field modulates the
expansion of the solar wind [2]. HSS are characterized with high speed
(> 500 km/s), high proton temperature and low plasma density. They originate
from coronal holes, which are unipolar open magnetic field areas [3-5]. HSS and
CME are the main types of solar generated drivers that affect Earth. The strong
sporadic storms during maximum are caused by CMEs [5, 6], and especially by
magnetic clouds with strong and smoothly rotating magnetic field inside the
structure providing prolonged periods of southward Bz [7].

Coronal holes are the largest and the most geoeffective during the sunspot
declining phase [8], when a second maximum in the geomagnetic activity is
observed (the first maximum is caused by CME).

High speed solar wind streams for solar cycles 21+23

The periods of HSS for solar cycles 21+23 are determined by several
catalogues: [9-11]. In Fig. 1 and Fig. 2 averaged values of the maximum speed of

30



Journal of Atmospheric and Solar-Terrestrial Physics 167 (2018) 233-242

Contents lists available at ScienceDirect Rsioy

Journal of
ATMOSPHERIC and
SOLAR-TERRESTRI,

PHYSICS

Journal of Atmospheric and Solar-Terrestrial Physics

journal homepage: www.elsevier.com/locate/jastp

Determining the photocurrent of spherical probes from one-sonde-shading R)

Check for

electric field data

Simeon Asenovski ® , Ninel Smirnova b, Lyudmila Todorieva ®, Hristo Lukarski “, Georgi Stanev

@ Bulgarian Academy of Sciences, Sofia, Bulgaria
b Space Research Institute, Russian Academy of Sciences, Moscow, Russia

ARTICLE INFO ABSTRACT

We propose a method for determining the saturation photoelectron current density of spherical probes, designed
for measuring the electric field by the double-probe technique. Shading of only one of the probes causes specific
changes in the electric field, and using the potential difference AV between the two probes created by the shading
we obtain an analytical expression for the photocurrent density. We derive this expression in two different ways:
directly, from the potential difference; and after calculating the resistance of the plasma layer around the probe. In
both cases the value of the photocurrent is determined from the ion current. Data for the concentration and the
plasma temperature is needed to determine the ion current. We considered two limiting forms of its collection: (1)
SAL-sheath area limited case (thin layer); (2) OML-orbital motion limited case (thick layer). We validate the
method using data from Intercosmos Bulgaria - 1300 satellite. The photocurrent density is calculated for two
shading-of-the-probe instances. The values we obtain are significantly larger than the ones from laboratory

Keywords:

Measuring the electric field
Double-probe technique
Probes shading
Photocurrent density

measurements, but close to the photocurrent values deduced from other space experiments.

1. Introduction

It is commonly assumed that when measuring the electric field of
satellites and rockets by the double probe method it is not necessary to
know the photocurrent from each of the probes. This is due to the ex-
pected equality of the photocurrents from the two probes and, more
generally, to the assumed uniformity of the measurement conditions of
the probes. These are not always realistic assumptions, however, as was
demonstrated, for example, on Injun 5 (Explorer 40) (Cauffman and
Gurnett, 1972), where a difference between the spherical probes satu-
ration photocurrent density - 3.1 nA/cm? was observed, due, according
to the authors, to a prelaunch probe contamination. Another example of
the probes dissimilarity is the measured potential difference ~ 150 mV
between the spherical probes on ISEE-1 caused by photocurrent differ-
ences (Mozer et al., 1983a). These observations suggest that knowledge
of the photocurrent from each probe can be necessary for the accurate
determination of the electric field. The photocurrent value can also be
used to study the variations in the solar spectrum in the EUV.

Photoemission properties of selected materials used in space explo-
ration are presented in (Feuerbacher and Fitton, 1972). Data from sam-
ples at room temperature and vacuum of about 10~° Torr, corresponding,
according to the authors, to the conditions on a spacecraft were
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determined by laboratory measurements. Using the photoyield mea-
surements, combined with a model of the solar intensities (the contin-
uous part of the solar spectrum for the case of a distance of 1 a.u. from the
sun and the Lyman-a line), the saturation photoelectron current density
from typical satellite surfaces were calculated. Since the electric field
measurements were usually done with vitreous carbon (VC) spherical
probes, in this section we mostly discuss photocurrent properties of such
probes. For one particular type of vitreous carbon (see reference (Mozer
et al., 1983b) in (Feuerbacher and Fitton, 1972)) a value for the photo-
current density I°h ~ 2.1 nA/cm? was obtained in (Feuerbacher and
Fitton, 1972). From the same laboratory measurement results, but using a
different approximation for the spectrum, (which includes more
high-energy photons) and a different way of determining the photo-
emission properties, somewhat smaller value of I°h ~ 1.3 nA/cm? was
obtained in (Grard, 1973). Close to these laboratory results is the satu-
ration photocurrent density of the VC spherical probes on GEOS-1 and
GEOS-2 satellites determined at the beginning of their operation, and on
ISEE-1 satellite (around 3.0nA/cm?® and 2.0 nA/cmz, respectively)
(Pedersen et al., 1984). However, many space experiments convincingly
demonstrate that photoemission properties of materials in space can
significantly differ from those measured in laboratory.

Here are several notable cases. In (Schmidt and Pedersen, 1987) is
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STUDY OF WASTE DISPOSAL THERMAL RADIATION USING SATELLITE DATA
AND CONSIDERING SOLAR INFLUENCE
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Abstract

In the present paper distribution of the waste disposal thermal radiation caused by biochemical
processes of decomposition is examined. Using thermal channels of the Landsat 8 (OLI) the waste
disposal spectral characteristics are obtained. All this data is compared with solar activity during the
same period and differences between internal thermal radiation and solar influences are discussed.

Introduction

With the permanent increasing of human population, a serious problem concerning air
and water pollution and also soil contamination arises. This is the problem of waste disposals and
its influence on the surrounding environment [1]. These disposals are main source of methane
emissions (CH,4), which is one of the greenhouse gases with strong influence on the atmosphere
and prerequisite of the greenhouse effect with anthropogenic character. Waste gases are organic
products, a result from decomposition of waste in anaerobic conditions. They are composed
mainly from methane (CH,) and carbon dioxide (COy) [2].

The areas occupied by waste disposals are rapidly growing, as in some cases they are
unregulated. For example in 2012, 481 kg solid waste per single person for the population in
European Union is generated [3].

This research focuses on Suhodol waste disposal close to the Bulgarian capital, Sofia.
Officially this disposal was formed 30 years ago with purpose of Sofia municipality waste
collecting. Its exploitation is achieved in two stages, and the first stage was until 1995.

The main goal of this work is calculating the surface temperature caused by waste
internal thermal radiation and determining the places where the temperature is the highest
(thermal points). Several time intervals are examined.

In Fig. 1 is shown the location of the waste disposal Suhodol, Sofia. The object is in
geographic coordinates 23°12°03"" E and 42°41°26"" N (WGS 84, UTM 34N).
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Abstract

In this paper are presented variation of the solar wind parameters during last four solar cycles
(21-24) with focus on the high speed solar wind streams (HSS) condition. The averaged values of the
parameters for every cycle are calculated and discussed. The results show that Earth is under the HSS
influence more than 50% of the total time in each of the last four solar cycles. This fact determines the
importance of the studding the behavior of the HSS.

Introduction

High speed solar wind streams (HSS) are one of the solar wind components which
originate from unipolar open magnetic field areas known as coronal holes (Tsurutani et al., 1995,
2006). HSS cause relatively weak, but recurrent and long-lasting geomagnetic storms (Borovsky
and Denton, 2006). The variations of geomagnetic activity closely follow the variations of the
number and intensity of HSS (Richardson et al., 2002) within the solar cycle. Coronal holes are
the largest and in most geoeffective position during the sunspot declining phase (Phillips et al.,
1995), when the second maximum in the geomagnetic activity is observed. In Fig. 1 is presented
an SDO/AIA image (Solar Dynamics Observatory/ Atmospheric Imaging Assembly) of the
coronal hole CH869 on 15 June 2018. CH869 have been rotated into an Earth facing position on
June 19-21.

Fig. 1. SDO/AIA image of the coronal hole CH869 at 23:45UT on 15 June 2018
(http:// www.solen.info/solar/).
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Abstract.

In this work the high speed solar wind streams (HSS) over the 24™ solar cycle are
examined. 312 HSS events have been determined for the 24™ solar cycle and their maximum
speed was estimated. The results show that there is no well-defined picks for the maximum
solar wind speed, and two picks of HSS count number exists — one during the ascending and
the second during the descending phase of the solar cycle.
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Introduction

In light of scientific terminology and mostly because of the historical reasons the term
"Solar cycle" (SC) is associated with the 11 year sunspot cycle. Since its establishment by
Schwabe [Schwabe, 1843], sunspot cycle is one of the most usable "tools" for various studies
related to the sun and solar-terrestrial physics. Many other processes and phenomena
identified on the Sun by humanity have such a long-term cyclicality - sunspot areas, 10.7 cm
solar flux, total irradiance, magnetic field, number of coronal mass ejections and flares
[Hathaway, 2015], coronal holes [Luhmann, et al., 2002], solar wind [Kojima and
Kakinuma, 1990; Rickett and Coles, 1991]. Some of these cause cyclic behavior on different
heliospheric and planetary physical processes as geomagnetic activity [Feynman, 1982;
Lockwood et al., 1999], modulation of cosmic rays [Parker, 1965], the structure of the
interplanetary magnetic field and heliospheric current sheet [Svalgaard and Wilcox,1976;
Hoeksema, 1995], the shape of the heliosphere [Tanaka and Washimi,1999]. All this listed
solar or heliospheric processes have been always compared with the sunspot number.

In the current study, the focus will be on the coronal holes and high speed solar wind
streams (HSS) using recent data within 24™ solar cycle.

Before its real detection when the existence of the solar wind is a theory, Parker made a
suggestion that the properties of the solar wind and in particular solar wind flow depend on
the solar activity cycle [Parker, 1958]. Several years later series of space probe experiments,
as Lunik and Venera and their first detection of flow in the heliosphere [Gringauz et al.,
1960], Explorer 10 with the measurements of the solar wind properties close to the Earth's
magnetopause [Bonetti et al.,1963] and Venus Mariner 2 which detected the variable nature of
the solar wind [Neugebauer and Snyder,1962] confirmed the Parker's theory and gave a broad
field of examination. Up to now our understanding of the solar wind and how it is modulated
by solar activity cycle has been rapidly growing.

HSS and recurrent geomagnetic disturbances induced by them are essentially associated
with mid latitude coronal holes and thus with solar activity cycle [Bame et al.,1976].

Data

312 HSS events have been identified using the hourly values of the plasma parameters
gathered in OMNI data base (http://omniweb.gsfc.nasa.gov/) and the criteria for a HSS - an
increase of the solar wind velocity by at least 100 km/s in no more than one day to at least 450
km/s for at least five hours along with high proton temperature and low plasma density.
Coronal holes data from http://www.solen.info/solar/, provided by SDO/AIA are used as well.

Topic: Solar Wind-Magnetosphere-Ionosphere Interactions 95



Proceedings of
Tenth Workshop “Solar Influences on the Magnetosphere, Ionosphere and Atmosphere”
Primorsko, Bulgaria, June 48, 2018

Results from Langmuir Probe Measurements Aboard the
International Space Station

B. Kirov, S. Asenovski

Space Research and Technology Institute, Bulgarian Academy of Sciences, Sofia, Bulgaria
E-mail: bkirov@space.bas.bg

Abstract.

In this paper, the Langmuir probes are described included in "Obstanovka®™ experiment
aboard the International Space Station which has been operating since April 2013. One of the
main goals of this experiment is to study the surface charging of super-big objects like the
International Space Station.

Introduction

Langmuir probe is a classical instrument for plasma diagnostics, and among the first ones
for in situ measurements of thermal plasma in the near-Earth environment. In the last decades,
the Langmuir probe is one of the classical instruments for plasma diagnostics [Mott-Smith and
Langmuir, 1926] and among the first space-borne instruments. Langmuir probes have been
successfully used aboard a number of rockets and satellites for in situ measurements of
thermal plasma parameters in the terrestrial ionosphere [Klimov et al., 1995], at other planets
[Bogges et al., 1959] and comets [Krehbiel et al., 1980; Grard et al., 1989] — e.g. in satellite
mission such as Tiros, Explorer, Alouette, ISIS, DMSP, Atmosphere Explorer, Interkosmos,
Dynamics Explorer, Kosmos, Interball, Demeter, Astrid, Freja, Kyushu, CHAMP, CRRES,
SCATHA, KOREASAT and many others, including several stratosphere rocket launches of
the Vertical series, and planetary exploration missions such as Viking (Mars), Cassini
(Saturn), Pioneer Venus (Venus), VEGA (Venus and the Comet Halley), etc.

The parameters measured by Langmuir probes are the electron and ion concentrations Ne
and Ni, the electron temperature Te, and the satellite body potential Us.

In this paper, the Langmuir probes are described included in "Obstanovka* experiment
aboard the International Space Station which has been operating since April 2013. One of the
main goals of this experiment is to study the surface charging of super-big objects like the
International Space Station. All earlier studies have been conducted for relatively small and
homogenous spacecraft, while with the launch and gradual build-up of the International Space
Station we face the problems of the interaction of a super-large structure at a low orbit with its
environment. For the first time, we have a structure which is not only that large but also so
much energy consuming and emitting. Here we demonstrate how the various factors in the
near-Earth space affect the surface charging of the International Space Station.

Fig. 1 (a) location of the PWC modules placed on the outer surface of ISS; (b) cross section of the
position of LP1 and LP2on the body of ISS, in the direction of the positive ISS speed vector.

Topic: Instrumentation for Space Weather Data Processing and Monitoring 151
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A6cmpakm: HanpaseH e aHanu3 Ha OMKIOHEHUsIma Mex0y NMPo2HO3HUME U peasiHo uaMepeHume cmoulHocmu
Ha napamempume Ha KOCMUYeCKomo epeme 3a rnepuod om edHa 2o0uHa. KnacuguyupaHu ca 8 mpu Kameaopuu
Mpo2Ho3uUpaHUme fnapamempu U CbCMOSHUEMO Ha KOCMUYeCcKomo epeme. PasnudHume cumyayuu, koumo 0asa
8b3MOXXHOCM 3a MPO2HO3UPaHe Ha KOCMUYECKOMO 8peMe ca peaucmpupaHu U aHanusupaHu om anedHa mouyka
Ha egexkmusHocmma u nocnedogamesiHocmma Ha rnpouecume. OcHosHume kamezopuu ca: 1.) Bucoko
cwenadeHue Mex0y npoeHo3upaHume U peanusupaHume napamempu; 2.) Hucko cbenadeHue mexoy
MpoegHo3uUpaHuUme U peanusupaHume napamempu 3.) YmepeHo cwernadeHue mexdy nposHo3upaHume u
peanusupaHume napamempu. HanpaseHa e ¢huauyecka uHmeprnpemauyusi 3a ecuykume mpu kameaopuu om
Knacugbukayusima Ha npoesHo3ume. OuyeHsieaHemo € rocmuaHamo M0 OMHOWEHUe Ha cmeneHma Ha
cbenadeHue Mexdoy nposHo3UpaHume U U3MepeHume napamempu Ha KOCMUYEeCKomo epeme. M3noxeHu ca
HSIKOU U3800U 3a HUBOMO Ha eghekmueHOCM Mpu MpPoeHo3upaHemo npunazaHo e npoasHozume. O6cbOeHU ca U
cucmemama om rnapamempu U3rosi3eaHu Mpu OYeHKa U aHasu3, kKoumo ce e3umam & npedsud rpu rpoeHo3a.
Obcbxdam ce u usmovHuyume Ha 0aHHU u MOOesiu, KOUumo ce U3rosidgam 8b8 eupmyasniHomo fMpocmpaHcmeo
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Abstract: A comparison of the deviations among predicted and measured values of space weather forecasts
parameters is made for the period of one year. Three categories of the forecasted parameters and states of space
weather are classified. Different situations which are used for possible space weather forecasting are analyzed
based on effectiveness and continually. The main three categories are the following: 1) high degree of
coincidence between predicted and realized parameters; 2) low degree of coincidence between predicted and
realized parameters; 3) moderate degree of coincidence between predicted and realized parameters. Physical
explanation of all three classified categories concerning the degree of coincidence between the predicted and the
measured space weather parameters is made. Some conclusions for the level of forecasting effectiveness
concerning the real methodology of predictions are stated. The complex system of parameters which are taken
into account in the outer space is formulated and analyzed. The sources of data and models which are used in
the virtual space by prediction of space weather are also discussed.
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Abstract. The present paper investigates the behavior of solar wind basic parameters
during the large-scale solar magnetic field reversal. Using the superposed epochs method for
monthly averaged values of the different solar wind parameters for the last four large-scale
magnetic field reversal, it is shown that during the periods of different polarities, some of
the parameters as magnetic field B, and By components, as well as Bscqiar and solar wind
speed have seasonal trend. Plasma density and pressure have differences in their magnitude
during the different periods.

Key words: Solar wind parameters, Positive and negative polarity

Introduction

Solar Wind (SW) streams, directed away from the Sun, are not uniform. They
rapidly change their basic parameters speed V', temperature 7', direction and
magnitude of the carried magnetic field B, density p, pressure P, etc. Studies
of the physical processes related to these changes or just observational and
statistical comparison between different periods of solar activity, have signif-
icant importance for understanding how the solar present state can influence
Earth’s environment. One of the main factors causing variations and changes
of the solar wind parameters is the 11-year solar magnetic field reversal.

Since 1959, when for the first time Babcock (1959) reported that the gen-
eral magnetic field of the Sun had reversed polarity, numerous observation
and theory models have vastly improved our understanding about this phe-
nomenon.

The polarity of the solar magnetic field is directly related to the B,-
component of the interplanetary magnetic field (IMF) (Lyatsky et al., 2003;
Youssef et al., 2012) and has influence on the geomagnetic activity (Xu et al.,
2009). Also it is important for the cosmic ray drift (Jokipii et al., 1977), as
solar cyclic magnetic field modulates the long-term variations of the galactic
cosmic rays differential spectrum (Cliver and Ling, 2001; Gushchina et al.,
2009). Furthermore, there is a possible link between multi-decadal climate
cycles and periodic reversals of solar magnetic field polarity (Miayahara et
al., 2008). Based on measurements stored in OMNI data base of the National
Space Science Data Center, Kirov et al., (2003) investigate the behavior of
the IMF components during negative and positive solar cycles. They show
statistically significant difference in the IMF B, By, Bj,,, components in
positive and negative polarity solar cycles. Considering the possible relation
between the 22-year Earth rotation variation and 22-year periodicity in solar
wind parameters, they also suggest that SW mediates the transfer of angular
momentum from Sun to Earth.

It is important to note that the unique Ulysses measurements have ex-
posed how the IMF and heliospheric current sheet are influenced by solar cy-
cle variations and magnetic field reversal. Observations of the sector structure
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HIGH-SPEED SOLAR WIND STREAMS
DURING THE LAST SOLAR CYCLES

Asenovski S.
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BBICOKOCKOPOCTHBIE ITOTOKHX COJIHEYHOI'O BETPA
B TEYEHME NOCJIEAHUX COJHEYHbBIX ITUKJIOB

AcenoBcknu C.
UKUT-BAH, Coghus, Boreapus

Buvicokockopocmuvie nomoxu conneunoeo eempa (High Speed Solar Wind Streams,
HSS) evisignenvl kak 00Ha u3 0CHOBHbIX NPUUUH ceoMacHUmMHbIX Oypb. Tlocne eco udenmughu-
kayuu 6 1962, nawe nozuanue 06 3mom NposGIEHUU COJHEYHOU AKMUBHOCMU CMANO Oojee
mounwvim. Tenepsv y Hac ecmb IKCnepumMeHmanbHvle OaHHblEe 0 NAPaAMempax COTHeYHO20 6em-
pa 6 meuenue nocieOHux yemoipex 1 1-n1emuux yuxkio8 corHeuHou aKmueHOCMU, U Mbl MONCEM
onucamv nogedenue HSS 3a omnocumenvrno orumenvHulii nepuod. bonee moeo, kasxcemcs,
YUMo HACMoAWULL Nepuod 8eK0B8020 YUKIA COJHEYHOU aKMUsHOCmMuU saeisiemcs "nepexoouvim’
— Om KCMPEMATbHO 8bICOKOU CONHEUHOU aKmugHocmu, Habmooaemou 6 yuxnax 18-22, do
Ce2o00HAUHe20 OHS, K020a Mbl HAO00AeM 4y8CmeumenbHo Doee HU3KYI COIHEeUHYI0 aKmue-
Hocmb (yuka 24). Heckonvko mooenetl npoeHosupyrom oadice euje 6ojiee HU3KYH aKmusHOCHb
6 crnedyiowux yuxnax. Umes uzmepenuss noseoenus HSS 6o epems smux 08yx nepuooos (8ul-
COKAsl U HU3KASL CONIHEYHAs AKMUBHOCMb), Mbl ucciedyem, Kak eénusiem Ha HSS eexosas sapu-
ayusi COTHeYHOU AKMUBHOCTU.
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Introduction

High speed solar wind streams (HSS) and Coronal mass ejections (CME)
are recognized as main geomagnetic storm drivers. According [1] HSS are re-
sponsible for at least 70% of geomagnetic activity at solar minimum and more
than 30% at maximum. HSS are characterized with low speed, temperature and
plasma density [2, 3]. They are geoeffective at most during the sunspot declining
phase [4], when the second maximum in the geomagnetic activity is observed.
Considering the year of identification of HSS (1962), early investigations of the
solar cycle evolution of HSS has been presented by [5, 6]. They study variations
of HSS during the period 1962-1974 (covering solar cycle 20) with emphasis on
the solar wind speed fluctuation, the effect of the temporal evolution of stream
structure on long-term averages of the solar wind flow speed, relationship be-
tween solar wind stream structure and the interplanetary magnetic field sector
polarity. The major conclusion of these studies is that during the solar minimum
the most stable streams with the largest amplitude occurred. The Mariner-2, Pi-
oneer-6, 7, Vela and IMP programs are solar wind data sources at the time of
solar cycle 20.

39



S E S 2 018
Fourteenth International Scientific Conference
SPACE, ECOLOGY, SAFETY
7 — 9 November 2018, Sofia, Bulgaria
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Abstract: Solar cycle 24 is characterized with extremely low activity in comparison with Solar cycles 21-
23 and probably the most spotless days since Solar cycle 16. Most of the parameters determining solar activity,
as 10.7 cm solar radio flux, the polar solar magnetic field, solar total irradiance, etc. reach their lowest values at a
minimum between solar cycles 23-24. In this work it is presented variation of the solar wind parameters during
the course of Solar cycle 24.

BAPUALIMN HA CKOPOCTTA HA CITbHYEBUA BATBHP
NO BPEME HA 24 CITbHYEB UUKDBI1

CumeoH AceHOBCKM

VIHcmumym 3a kocMmuyecku uscnedsaHusi U mexHornoauu — brnzapcka akademusi Ha Haykume
e-mail: asenovski@space.bas.bg

Knrovoeu Aymu: Mapamempu Ha cribHYesus: 8simbp, CribHueea akmusHocm, 24 CribHYe8 UUKbI

Pe3tome: 24 CribHYE8 UUKBIT Ce Xapakmepusupa ¢ eKCmpeMasiHO HUCKa akmueHOCM 8 cpasHeHue C
akmueHocmma Ha CrbHYesume yuknu 21—23 u 8eposimHo ¢ Hali-MHO20 OHU b6e3 cribHYesu nemHa. oseyemo
om napamempume onpedensawu cribHYesama akmusHocm, kamo 10.7 paduousnbygaHe, CITbHY€80MO MOSISPHO
Ma2HUMHO rose, MbjlHama crbH4Yesa paduayusi u 0p. docmuzam ceoume Hal-HUCKU CmOUHOCMU o epemMe Ha
MuHUMyMa Mexou 23 u 24 cnbHYes Uukbi. B Hacmoswama paboma ca pasesnedaHu eapuayuume Ha
rnapamempume Ha CITbHYe8Us1 8iMbp M0 8peme Ha 24 CribHYe8 UUKBII.

Introduction

According to the flow properties and mainly to the speed, the solar wind can be decomposed
to a three component system: high speed streams (HSS) — with high speed (V > 500 km/s), high
proton temperature and low plasma density; slow solar wind — with speed V < 500 km; and streams
associated with coronal mass ejections (CME) [1] . The frequency of occurrence and intensity of these
three components depends strongly on the phase of the solar activity cycle [2]. HSS and CME are the
main types of solar generated drivers that affect Earth. The strong sporadic storms during maximum
are caused by CMEs [3,4].

In Fig. 1 are presented the main sources of the different solar wind component. CME originate
from active regions (3) with or without filaments or regions of quiescent filaments [5, 6, 7]. HSS are
amiitet from coronal holes (2), which are unipolar open magnetic field areas [3, 8, 9]. Coronal holes
are the largest and the most geoeffective during the sunspot declining phase [10] (Phillips et al.,
1995), when a second maximum in the geomagnetic activity is observed (the first maximum is caused
by CME). Streamer belt structures (1) are main source of slow solar wind. In sunspot minimum the
solar magnetic field is close to dipolar, almost aligned with the solar rotational axis, and the coronal
streamer belt is close to the solar rotational equator. Slow solar wind propagates along the
heliospheric current sheet which is the interplanetary projection of the coronal streamer belt separating
magnetically the two solar hemispheres. The heliosphere is dominated by fast and much more
geoeffective solar wind from super-radially expanding polar coronal holes which dominate during the
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Abstract: One of the most sensible drivers of geomagnetic disturbances are high speed solar wind
streams (HSS), which have maximum during the descending phase of solar cycle. They are characterized with
super-radially expanding from coronal holes. The level of the high speed solar wind streams influence to the
geomagnetic field varies from cycle to cycle, and is supposed to be determined by the solar activity and thickness
of the heliospheric current sheet which is related to the portions of time that the Earth spends in the slow and fast
solar wind domains. Here it is shown the variation of the geomagnetic filed for a relatively long-time periods, when
the Earth is under the influence mostly by HSS.

NMPUHOC HA BUCOKOCKOPOCTHUTE NMNOTOUU CITbHYEB BATbP
KbM CITbHYEBO-3EMHATA CUCTEMA

CumeoH ACeHOBCKMU

UHCcmumym 3a kocMmudecku uscnedgaHusi U mexHosoauu — bbrieapcka akabemusi Ha Haykume
e-mail: asenovski@space.bas.bg

Knroyoeu dymu: BucokockopocmHu nomouu CabHYe8 85IMbp, C/TbHYE8a akmugHoCm

Pe3rome: EOHa om Hali-3abeniexumume NPUYUHU 3@ Hanuyuemo Ha 2e0MasHUMHU CMYWeHusl ca
8UCOKOCKOPOCMHUME omouyu ClibHYe8 8sIMbp, KOUMO UMam MakcuMarHa Yecmoma Ha rosiesieaHe Mo speme
Ha Hamanseawjama ¢asza Ha CiibHYesa akmuseHocm. Te ce xapakmepu3upam CbC cyrnep-paduasnHo
pasnpocmpaHeHuUe om ciibHYeg8ama KopoHa. Hueomo Ha eb3delicmeue Ha rnomouyume 6bp3 CITbHYE8 8MBbP
8bpXy 2eoMazHUMHOMO roJsie, sapupa fpe3 pas3fnuyHume CITbHYe8U UUKIU, Kamo ce rpedrnonaza, Ye moea
eb3delicmeue 3asucu om clibHYegama akmueHocm u OebenuHama Ha xesfuocchepHusi mokoe crol. Tyk e
uscrnedeaHa eapuayusima Ha 2e0MasHUMHOMO [ofie 3a OMHOCUMESIHO Obfibe nepuod om epeme, Ko2amo
3emsima e npedumHO Mod enusHUemMo Ha BucokockopocmHume nomouyu CiTbHYe8 8siMbp.

Introduction

Richardson et al. (2000) [1] classified the solar wind into corotating high- speed streams
(HSS), slower solar wind, and transient flows associated with CMEs, In order to assess the
contribution of each type of solar wind flow to geomagnetic activity during the different phases of the
solar activity cycle. They found that, on the average, at solar minimum the Earth is embedded in HSS
for ~60% of the time, ~30% for slow solar wind, and ~< 10% for CMEs. Respectively, the average
geomagnetic activity at sunspot minimum is dominated by HSS. In a later paper [2] extended the
studied period to over 4 solar cycles (1963—-2011) and found that the low geomagnetic activity levels
during the last solar minimum were associated with low geomagnetic activity averages for each of the
three types of solar wind.

The goal of the present paper is to examine the averaged variation of the geomagnetic field
(Dst and Kp indexes) during the period of the prolonged HSS influences.
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Knroyosu Aymu: kocMmudeckasi rno2oda, Npo2Ho3upo8aHue, 8bIbpoC KOpOHarbHOU Macchl, apynuyusi
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A6cmpakm: PaccMompeHbl mpexcymoyHble po2HO3bi 2e0MagHUMHbIX 6ypb 8 - 9 okmsibpsi 2012 200a
LleHmpa npoeHo3a Kocmu4eckol no2o0bl u Kocmu4yeckoeo Krnumama (UFKIKK) npu UKUT BAH u cdenaHo ux
cpasHeHue ¢ peasnbHoU ¢usuyeckoli o6cmaHo8Kol 8 paccMampugaembili nepuod. Toeda kak 6ypsi 8 okmsbpsi
6bina npedckasaHa LUMKIIKK, mo emopas 6yps oka3anacb HeoxudaHHocmbio Onsi UTKIIKK u dpyaux npoeHo-
cmuyeckux yeHmpos 8 mupe. CdenaH aHanu3 6eposimHbIX MPUYUH 803HUKHOBEHUS Cyu4eCmeeHHOU pa3Huubl
Mex0y MPOSHO3HbIMU U  pearnbHbIMU rapamempamMu  KOCMUYeckoU ro2odbl, 4mo  rofesHo Ons
ycosepweHcmeogaHusi rpoeHo3uposaHusi LIMNKIKK nocrne o0Hozo 20da e2o pabombl 8 nyiaHe ymOYHEHUSs
OUEHKU 8JIUSIHUSI COBOKYIMHOCMU pa3HoobpasHbix seneHull Ha ConHye 8 nepuod MakcuMymMa e20 akmueHOCMU.

ANALYSIS OF THE DEVELOPMENT OF GEOMAGNETIC STORMS ON 8 AND 9
OCTOBER 2012 AND OF THEIR FORECASTING

Peter Tonev', Artem Abunin’, Maria Abunina?, Simeon Asenovski', Anatoliy Belov?,
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Abstract: Three-day forecasts of the magnetic storms on October 8 and 9 2012 are considered
prepared by the Center of Forecasting of the Space Weather and Space Climate (CFSWSC) in Space Research
& Technology Institute of Bulgarian Academy of Sciences. These forecasts are compared with the actual physical
state in the considered period of time. While the magnetic storm on 08.10.2012 was perdicted by CFSWSC, the
second storm was unexpected for CFSWSC, as well as for the world prognostic centers. An analysis is made of
the possible causes for the significant differences between prognostic and actual cosmic weather parameters,
which is useful for development of the forecating methods after the first year of work, particularly, for more precise
estimation of the influence of different solar phenomena in combination during the solar maximum.

BBepeHune

3a nepsblii rog HenpepbiBHOW paboTbl MO MOArOTOBIEHUIO TPEXAHEBHbLIX MPOrHO30B LieHTp
NpOrHo3a KocMmyeckon norogbl U kocMmuyeckoro knumata (LMKIMKK) npu MKUT BAH gaean B utore
KaK [OOBOSIbHO TOYHbIE MPOrHO3bl, Tak W MNPOrHO3bl C YMEPEHHbIM WM [Aaxe CyLeCTBEHHbIM
HecoBnageHnem C peanbHoOn reodusnyeckon cutyaumen. lNporHosuposaHue BasupoBanocb Ha: 1)
ViccnepoBaHue n oueHka reodddeKTMBHOCTU COMHEYHbIX COObITUIA, CaMble BaXHble U3 KOTOPbIX -
BCMbILWKN, BbIBPOCHI KOopoHanbHonm Maccel (BKM-CME) u aspynuumn BonokoH [1,2], a Takke
KopoHanbHble Ablpbl; 2) OueHka XxapaKTepCTUK CONTHEYHOro BeTpa y opbuTbl 3emnu no M3mepeHusm
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In this work we consider determining the photocurrent in ionospheric-magne-
tospheric plasma using data from BULGARIA-1300 and INTERBALL-2 electric
field sensors IESP-1 [1] and IESP-2 [2], respectively. The particular interest in
the study of the photocurrent and the potential is rooted in the current wide-
spread use of the method due to A. Pedersen for determining the concentra-
tion of ambient plasma as a function of the potential — the difference of the
potentials between the spacecraft body and the probe (Usp). This method is
applicable only when the probe potential is positive, and uses the fact that in
this case the balance of currents depends only on the electron current and
the photocurrent. Analyzing large collection of satellite data, A. Pedersen and
collaborators proposed an empirical model [3] for the connection between the
photocurrent density (Jph) and the satellite potential (Vs), which has been
used for determining the magnetospheric plasma density from potential mea-
surements. This method has been tested for many satellites.

Instrumentation installed on INTERBALL-2 satellite can be used to deter-
mine the photocurrent based on the comparison of the simultaneous potential
measurements from the sensor IESP-2 and the electron temperature sensor
KM-7 [4]. KM-7 and IESP-2 are structurally identical, since they utilize the same
type of probe (spherical Langmuir probe) and measure the same quantity Usp.
The probe of KM-7 is protected from UV radiation by a screen. Significant dif-
ference between the two sensors is that IESP-2 measures Usp for a fixed bias
current (=72 nA /110 nA) whereas KM-7 records current-voltage characteris-
tics (11 measurements of Usp for different bias current values, from 153 nA to
0.15 nA). Measurements of the potential with KM-7 can be represented as val-
ues obtained from 11 virtual sensors of IESP-2 type in a shadow. Comparing
the variations of Usp/KM-7 and Usp/IESP-2 allows obtaining the correct value
of the bias current when measuring the potential of INTERBALL-2 satellite
with respect to the plasma done by IESP-2. Data collected during ~350 orbits
for ~800 hours of simultaneous work of IESP-2 and KM-7 in the course of the
STO telemetry system at 8000 km altitude was studied. The analysis showed
that ~75% of the potential measurements by the IESP-2 give correct values.
The comparison between the simultaneous measurements of the potential of
the INTERBALL-2 satellite relative to the plasma by the probe instruments
IESP-2 and KM-7 permits estimating the density of the photocurrent using
the method proposed by Smirnova N. and Stanev G. [5]. This estimate can
be used to determine the density of the ambient plasma. Probe instruments
IESP-2 and KM-7 were installed independently, but during their work it was
established that they can be used as a composite instrument for measuring
the parameters of the plasma in the near (2-3 Rg) magnetosphere, which al-
lows to determine the photocurrent and to estimate the validity of the electric
field measurements. The prototype of IESP-2 instrument is IESP-1, which was
used in the ionosphere. IESP-1 and IESP-2 utilized spherical probes made via
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