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Foreword

From September 26 to 30. 2005, 75 scientists and students from 11 countries attended the second
conference on Solar Exireme Events (SEE-2005) at Nor Amberd. Armenia.

Investigation of Solar Extreme Events is important for several reasons:

* It provides unique information about violent processes i the solar corona, including mechanisms of
particle acceleration and Coronal Mass Ejcction (CME);

*  The study of propagation of huge amounts of solar plasma in the interplanetary space can shed light
on its interactions with Interplanetary Magnetic Ficld (IMF) and ambient population of the Galactic
Cosmic Rays (GCR);

* Interplanetary shocks and CMEs, along with solar particle and electromagnetic emissions, trigger
various dynamic processes in the Earth's magnetosphere, causing global geo-effective events, including
geomagnetic storms. heating of the upper atmosphere, changes in  the electrodynamic properties of
tonosphere, and creation of peomagnetically-induced surface currents. All this constitutes Space Weather
(SW) conditions that change dramatically with SEE development,

*  Space Weather can have a negative impact on the performance and reliability of space-borne and
ground-based technology sysiems and endanger human health and life. It is of paramount importance
to establish accurate methods for monitoring and forecasting SW disturbances and to identify the
mechanisms of various SW effects,

The solar extreme events of October-November 2003, known as the Halloween events, have provided us
with valuable information we can use to achieve better understanding of space weather. The SEE-2004
symposium in Moscow in July 2004 focused on comprehiensive discussions of solar/heliospheric and
magnetospheric aspects of these events. The data obtained onboard numerous satellites and from ground-
based observatorics were presented, discussed and interpreted both from experimental and theoretical points
of view. Meetings during the COSPAR Assembly (Paris, July 2004) and the European Cosmic Ray
Symposium (Florence, September 2004) revealed the substantial interest of the scientific community in
the Halloween cvents as well as its continuous efforts to undersiand them in detail. New attempts to
develop analytical techiniques 1o incorporate data from space-borne and surface instruments have created
new perspectives for understanding and forecasting the consequences of SEEs,

In 2004 several extreme cvents from the end of July to mid-November provided new examples of
severe Geospace Storms and Forbush decreases. However, the 23rd solar cycle reserved its most severe
events for the descending phase. The Ground Level Enhancement (GLE) from the event of January 20,
2005 . the largest one in nearly half'a century. caused gigantic count rate increases on the neutron monitors of
South Pole. The event displayed very complicated behavior, revealing diversity of particle acceleration
mechanisms and the importance of numerous factors influcncing particle transport, composition and event
geo-effectiveness. The analysis of these events is underway: it will provide an extremely interesting basis
for the understanding ot SEEs and their effects.

The aims of SEE-05 were twofold:

(1) To provide a wide forum for discussion of recent  Solar  Extreme Events and their impact on
technological systems and human environment, and
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(2) To discuss directions of future research.
while promoting cooperation between groups with different rescarch interests from different countries.

The scientific program was divided into three major areas:
»  Energetic processes on the Sun during extreme events
*  Magnetospheric response to solar extreme events
=  Violent conditions of space weather
and possibilitics for its forecasting.

The conference sessions consisted of invited talks and contributed papers presented at poster
sessions. High-quality invited talks were given by Vahe Petrossian, Igor Veselovsky, Riho Nymmik,
Vladimir Kuznetsov. Galina Bazilevskaya. Leonid Lazutin, Yuri Stozhkov, Yuri Yermolaev,
Erwin Flueckiger, John Bicber. Anatoly Belov, Michail Panasyuk. Frank Jansen andYasushi
Muraki, The review talks highlighted how the Sun affects heliosphere and the Earth's environment,
putting particular emphasis on encergetic particle storms, solar cruptions producing these storms and
their impact on Earth.

The conference reports demonstrated that integrated information about the consequences of
Extreme GLEs and Geomagnetic Storms, including spectral forms, amplitudes and anisotropies of
ion fluxes in the vicinitv of Earth. strength and direction of the interplanetary Magnetic Field and
the state of the magnctosphere, 1s indispensable for testing solar ton acceleration and propagation
models as well as for carly diagnostics of the expected impact of violent solar eruptions on technology.

New types ol particle monitors. measuring secondary cosmic ray fluxes with inherent

correlations are necessary for establishing world-wide networks for Space Weather forecasting.
The International Heliophysical Year should provide an excellent opportunity for establishing
these networks as well as involve participation of developing countries and, of course, European Space
Weather initiatives.
The conference site was located necar experimental facilities of Aragats Space Environmental Center
(ASEC). The operation ol ASEC monitors was demonstrated to the conference participants. In
addition, the data basc of solar extreme events detected by ASEC monitors was available in the
computer class. The prototype detectors developed by Cosniic Ray Division of Alikhanyan Physics
Institute (the conference host) were demonstrated during the poster sessions. It is planned to use
these detectors for the new Space Weather network. Participants from Croatia, Bulgaria and Costa Rica
expressed a wish to become a part of the new network by installing detectors in their countries.
Negotiations concerning the formal aspect ol this cooperation are underway.

The confercnce was supported by COSPAR. International Science and Technology Center
(ISTC), National Foundation of Science and Advanced Technologics and WEB limited.

We thank Andranik Oganesvan, Veronika Moiseenko and Arthin- Reimers for their help in preparing the
volume of the SEE-200)5 proceedings

Ashot Chilingaran, Mikhail Panasyuk
August, 2005

VI



Table of Contents

FOEWOTT s 5o it s e B S N S o T W L 0 00 R POV A S S A VII

Energetic Processes on the Sun during the Extreme Events

Stochastic Particle ACCEIEration B BOlar B AEEE: it oot i i v o Fosims s e o5 44 5 TN S IR AT 80 3
V. Petrosian, S. Liu

Highlights of the October - November 2003 Extreme FEvents. ... R S S R A 20
N. Gopalswany

Long-term Prediction of Solar Extreme Events based on the General Regularities of Energetic Particle Generation
R. Nymmik

Energy Spectrum of Solar Cosmic Rays in Large Events.............. s e R N R R 31
G.A. Bazilevskaya

Evolution and Flare Productivity of Active Region with Solar Extrenic Fvents of the Current 23 Solar

V.N. Ishkov

Coupling of the CME Acccleration and the Flare Energy Release............oooiin 41
D, Marici¢, B. Vrinak, D.Rosa. A Veronig

Coronas-F observations of the Sun and Extreme Solar Events....... e G R A et R A AR R 45
V.D. Kuznetsov

Dynamic of Electromagnetic Emission during the Period of Solar Extremce Events. oo 51
M.S. Durasova, V.M. Fridman. T S Podstricach, O.A. Sheiner, S.L Snegiroy Fo T Tikhomiroy

Magnetospheric Response to the Solar Extreme Events

Low Energy Cosmic Rays and the Disturbed Magnetosphere. ..o 57
K. Kudela, R. Bucik

Solar Proton Belts In The Inner Magnetosphere During Magnetic STOris. ... 63
L.L. Lazutin., S.N. Kuznetsov, AN. Podorolsh

On the Storm-Substorm Relation ProBleiiS. . um e e et ettt et e e s e errre s s ee e snsesaaasaesnnn s 07
L.L. Lazutin

Dynamics of the field-aligned current sysiems observed during the super- storm on November 20, 2003 1ccvisecnii 19
V.M. Mishin, M. Foerster, T.1. Suifidinova, 1.D. Bazarzhapov, L.A. Sapronova | V.P. Golovkov, P. Stauning, J. Watermann,
S.1. Solovyev

Dynamics of the ionospheric convection systems observed during the super- storm on Nov 20, 2003.............. 83
M. Foerster, V.M, Mishin, T.1. Suifudinova. 4 D. Bazarzhapov, LA, Sapronova , V.P. Golovkov, P. Stauning, J. Watermann,
S.1. Solovyev

Basic Regimes of the Super-Storm on Nov 20, 2003, and the Problen Substorms-Storm........oooovvieienen 86
V.M. Mishin, M. Foerster, T.1. Saificlinova A D, Bazarzhapov, LA, Sapronova, ' P Golovkov, P, Stauning, J. Watermann,
5.1 Solovyev

The Response of the Magnetosphere in Long Period Geomagnetic Pulsations on Solar Wind Dynamic Pressure

TEOVEIEIIRES oo s om0 SR o B S e R M0 S A SRR e KA e 90
V.V, Mishin, V.4, Parkhomoy



Global Pc5 Oscillations in 22-23 Solar CVelES, .. ...iiim i et 93
A. Potapov, T. Polyushkina, B. Tseaomed

Manifestation of Magnetosphere Fluctuations during the Large Magnetic Storm of January 21-22, 2005........... 96
D.G.Baishev, E.S.Barkova, V.4 Mullavaroy SN Samsonov, S.1.Selovvev, K Vinnoto

Undulations Observed by the DMSP Satellites during Magnetic Superstorms of November 2004, ................. 100
D.G. Baishev, F.J. Rich

Dependence of High-Latitude and Low-Latitude Geomagnetic Disturbances on Solar Wind Parameters during the
NEAETREIC: STt OF NOVETEET T8l D00 ovemmynens g s st s S s S R S A s i S 104
S.1, Solovyev, R.N. Boroyev, Al Moisevev, 4 Du, K. Yumoto

Solar X-ray bursts as a possible solar storm predictor in November 2004 . oo, 107
V.A. Velichko, D.G. Baishev, [ Ya. Plomikov, N.G. Skrybian, RN, Borover

Sular BExdrerie Bventeand Groat GEDMAETHEe BIEIIT s oo s it s S i s s isiasss 109
E.E. Antonova, M. V. Stepanovu

Experimental Investigation ol Middle Latitude D-region Ionosphere Response to Events Related to Proton

PO DIEIIIOIR. .. oottt AR €0 568 8 83 - e R RS R
AM. Gokov, O.F. Tyrnov
Regional Middle Latitude lonospheric D-region during of 14-24 April 2002 Magnetic Storm Period............... 117
A.M. Gokov, O.F. Tyrnov
Outer Belt of Relativistic Electrons during the Solar Extreme Events of November 2004 and January 2005....... 121

L.V, Tverskaya, E.A. Ginzburg, T lvanova N.N. Paviov, P.M, Svidsky, NN, cden kin

Extreme Low-Latitude Auroral Oval Position in 2003-2004 Years as Inferred from Meteor-3M Auroral Electron
PreCIEATOR AR o s tm e S S v s S R T s e 124
B.V. Marjin, L.V. Tverskaya, M 1 Teltsov. |4 fvanova, V.M. Feigin

Pc5 Geomagnetic Pulsation in the Initial Phase of Magnetic Storm on April 16, 1999, .o ieeee e, 127
O.V. Kozyreva, N.G. Kleimenove, J, Watermani

Geomagnetic Pulsations, Auroras, and Riometer Absorption in the Lute Recovery Phase of the Superstorm on
WOVEBOE T, DO ommvas s i s o o A s B e D i S o 131
O.V. Kozyreva, N.G. Kleimenova, / Manninen A. Ranta, T A, Kornilove. |1, Korniloy

Wave Signature of the Main Phase of the November 7-8, 2004 Super S100m . ..oe e 135
N.G. Kleimenova, O V. Kozyrevu

Selar Pioton Bvénts and Ozone Layeriaf the Barth. v s s mm s s e mins 139
AA. Krivolutsky, G. R, Zakharov, TV Vvustikova , AV, Khvuehnikova, A A Kumino, S.N. Kuznetsov, . N.Maygkova

Solar Activity Influence on the Atmospheric Airglow EMISSIONS. ... e 143
P. Stoeva, K. Kanev, N. Petkov, B, Benev, 4. Awanasov, L. Bunkov

lon Dynagnics During the Sapteinber 24-25, 1998 NIATHENTE ST oo c oot smis s 147
V. Peroomian, M. El-Alacwi M A Abdalta. L. M. Zelenvi
Space Weather

Particle detectors in Solar Physics and Space Weather research. ..., 153
A.A. Chilingarian

Cosmic Ray Variations during Extreme Events m November 2004 e e 164
AV, Belov, E.A. Ervoshenko H.  Mavromichalaki G. Mariatos, V.G, Yanke



The Extreme Solar Cosmic Ray Event of January 20, 2005, .o e 168
A V. Belov, E.A. Eroshenko, H. Mavromicielaki, Ch. Plaimaki, V.G, Yank

Correlation between Variations ot Cosmic Ray Spectrum and Interplanctary Medium Parameters.................. 172
V.M. Dvornikov, MV, Kravisova V.E. Sdobioy
N. Kh. Bostanjyan, A.4. Chifingarian, V.5 Eganov, G.G. Karapetvan

Event of January 20, 2005: lon, Proton and Electron Injection Times.........oooiiiiinnn. 182
H.S. Martirosyan

A New Type of Solar Neutron TeleSCODC. .o et aa e 186
E.A. Mnatsakanvan

On the Possibility to Deduce Solar Proton Energy Spectrum of the 20 Junuary 2005 GLE using
Aragdts and Nor-Amber Neutron Monitors Datas s s i cossis s i s s i i ss i i i 189
M.Z. Zazyan, A.A. Chilingarian

Radiation Storms in the Near Space Environment by Coronas-F Satellite, e 192
M1, Panasyuk, S.N. Kuznetsoy

Calculation of the Threshold Encrgies for Aragats Solar Neutron Telescope....coooviiiiiiiiiiiiieiiiiinn 196
A.A. Chilingarian, L.G. Melkunivan, 4. E. Reimers

The Extreme Cosmic Ray Ground Level Enhancement on January 20, 2005......, s s RO 203
R. Biitikofer, E.O. Fliickiger, M R Moser, and L. Desorgher

Multidetector Cortelation Stitchy of Salat Transient Bveiits. o s s smssimsmisuiasio s 207
G.G. Karapetvan, A.A. Chilingarican

Channel-to-Channel Analysis of Aragats Muon Monitor Detection ol »5GeV Muons in
20 Janary 2005 Ground. Lavel BrATEOnIEII . . v o smemiminssss i s i s 65450 ts s na s s s 211
G.G. Karapetvan, A A, Chilingarian, N.Kh Bostanjvan

Magnetic'Clouds and Major Geomagnetic: STOIMIS. ... .. cosi bemminviosbin e oo oo Lis chasvas Hishis Sassesians i o di sl 214
K.Georgieva, B. Kirov

Modelling of the Aragats Space Environmental Center Monitors Respanse to Galactic and Solar

M.Z. Zazyan, A.A. Chilingarian

Highest Energy Solar Neutrons Detected in the Solar Flare on November 28%, 1998.......ooovvviiiiiiiiiiiiinnnnn. 221
Y. Muraki
Solar and Heliospheric Disturbances Resulted in Magnetic Storm of November, 2004, 225

Yu, Yermolaev, L. Zelenyi, V. Kuzietsov. 1. Chertok, M. Panasyuk, | Myagiova 1 Zhitnik, S. Kuzin
and other members of the SEE (4 collaboration

Prediction of Geomagnetic Storm Using Neural Networks: Comparison of the Efficiency of the Satellite and
Ground-Based Tput PATAMISIBES, .ot vs o ni i svsvames b sabivisdas SR o sv s e S T S ol s i i s 229
M. V. Stepanova, E.E. Antonova,F. 4. Munos-Uribe, S.L. Gomez-Gordo, M1 Torves-Sanchez

Data Visualisation Interactive Network for the Aragats Space-environmental Center.........ooooiiin. 233
A.R. Eghikyan, A.A. Chilingariu;

First European Space Weather Telescope — MuSTATG i s iuiahi i i iss s vie s ssimins b s s s i sy oo ess 241
F. Jansen

Forecasting Solar Activity with the Aid of Fuzzy Descriptor Models ind Singular Spectrum Analysis............. 245
M. Mirmomeni , C. Lucas , M. Shufiee

X1



The Sunspots Roads: A Morphology-Bused Sunspots Detection Method and Delaunay Triangulation Surface for
Prediction............ocoooii o R S S R R D
A. Poursaberi, C, Lucas

Real Time Prediction of Extreme Events 2005 by Singular Spectrum Analysis and Neurofuzzy Modeling......... 253
J. Sharifie, C. Lucas, B. Araabi

Time Series Prediction Using Brain Emotional Learning Case Study Sunspot Number..........oovuvvivvrivneeennnnn. 256
R. Karimizandi, T. Babaie, C.Lucus

Predicting Solar Activity with the Aid of Fuzzy Descriptor MOEs: i v.. iy inniuiiisissssssaisisrisnes i 259
M. Mirmemeni, C. Lucas, M. Shujice, B. Nudiar Araabi

Xl



2 nsernanional Svmposium SEE-2005, Nor-Amberd, Armenia

Regional Middle Latitude lonospheric D-region during of 14-24 April 2002 Magnetic Storm

Period
AM. Gokov, O.F. Tyrnov

Kharkiv V. Karazin National University, Khavkiv, Ukraine, Alexander M Gokov@univer. kharkov.ua

Using a partial reflection technique, there were experimentally investigated the electron density, N, changes
in the middle latitude 1onospheric D-region during the 14 — 24 April 2002 magnetic storm, During the solar pro-
lon events, spe, increase by more than 30— 100% in the electron densin in the lower D-region of the ionosphere
(~70 — 80 km) was observed for several tens of minutes. There were made estimations of the ionization rate. On
the basis of the experimentul duta of electron density changes over the proton precipitation periods, correspond-

; : y G > A
ing fluxes were estimated, heing 10" — 107m vee™".

Introduction "

Solar flares, being an indicator of processes influencing
the geomagnetic field and near-the Earth plasma conditions,
are very important for geophysicists, There are three main
kinds of solar radiation, which particularly influence proc-
esses in the upper atmosphere and lead to appearing different
phenomena: X-ray radiation, protons having energy of 1-100
MeV, and low energy plasma [1,2]. Commencement of mag-
netic storms, which — as known — occurs some time afier
flares on the Sun, is, as a rule, accompanied by lares of the
X-ray (XRA), optic (FLA) ranges, by precipitations of pro-
tons (SPE) and electrons into the Earth ionosphere. These
periodical events go on over tens of hours to 5§ — 20 davs
(sometimes even more) depending on a value (class) of the
magnetic storm. Energy electrons ol & =2 40 KeV, precipi-
tating out of the radiation belts. are a sufficient source of ud-
ditional ionization of the middle lautude D-region of the
1onosphere (up to the latitudes ol
z [l 80 - 100 km (see, eg.. |32 = 7]). Moreover, over the
periods of solar flares and magnctic storms, satellite meas-
urements often show higher (by a few magnitude orders) —
comparing with those obtained under undisturbed conditions
— values of proton fluxes. Such proton fluxes penetrate down
to the lower ionospheric D-region heights ( z [l 55 — 75
km), possibly causing considerable changes in this iono-
spheric part ionization [7 — 9] Nevertheless, there are greal
difficulties in measuring Muxes ol the precipitating charged
particles at the middle latitudes and n obtaming correct esti-
mations of their energy contributions at Z < 90 — 100 km
when using the satellite measurcments conducted at consid-
erably higher altitudes ( z > 200 km}. [nvestigating of mag-
netic storms and their influence on a near-Earth plasma state
is urgent due to their great scientific and applied interest.

Each magnetic storm 1s accompanied by a whals complex of

phenomena in near-Earth plasma. being in its turn a unique
phenomenon. As a rule, each magnetic storm has. besides
general features, some specilic feature characteristics, which
— in their turn — cause corresponding charactenistic changes n
the atmospheric and ionospheric parameters.In a compari-
tively wide range, there are swudied reactions of the upper
ionosphere (mainly F-region) to magnetic storms at both
middle and high latitudes. There is a large list of the publica-
tions (see, for instance, [3, 6. 10 — 14]). Nevertheless their
investigating, modeling and predicting are far from the final
stage. Responses of the middle latitude ionospheric D-region
to the magnetic storms are ol a4 complicated and ambiguous
character. Statistics ol the cvents (a number of reliable cx-
periments) do not so far allow 1o determine many peculiari-

45 — 60" at the heights of

ties ol the response. Possible effects of the magnetic storms
on the middle latitude ionospheric D-region have been stud-
ied not well: there are only incidental experimental investiga-
tions (sce. for instance, [3, 7]). A role of the precipitating
proton fluxes during the magnetic storm in the high latitude
ionospheric D-region have been studied rather well [1-2].
Their possible effeets in the middle latitude ionospheric D-
region have been studied not well: there are only sporadic
experimental investigation results (see, for instance, [3, 7, 15—
16]). Therefore there i1s necessity of going on with the ex-
perimental investigations and of obtaining information in
order (o study this problem, which is important both for a
purely theoretical aspects and for a solution of a whole num-
ber of practical tasks in radio communications, radio naviga-
tion, internel systems and others, Observing of every mag-
netic storm allows to widen the information on complicated
and many-sided physical processes accompanying the storm.

The given paper shows experimental investigation results
obtained by mcans of a radar of partial retlections (PR) of
electron density variations in the middle latitude ionospheric
D-region in vicinity of Kharkiv during the magnetic storm on
14 - 24 Apnl 2002

General information

The solar and geomagnetic data were obtained from the
URL http://solar.sec.noaa.goviweekly/. Geophysical condi-
tions when carrying out the investigations were as follows: a
geomagnetic storm began on 17 April and lasted up to 24
April. In Boulder. according to the USGS magnetometer data,
a sudden storm commencement (SSC) in the geomagnetic
leld wis recorded on 17 Apnl at 11:09 UT (57 nT).A greater
than 100 MeV proton event began at geo-synchronous orbit on
17 April at 1530 UT, reached the peak of 24 pfu at 15:40 UT
on 17 April. than ended at 00:35 UT in April 18. And a
greater than [0 MeV proton event began on 21 April at 02:25
UT and ended on 26 April at 07:15 UT (peak flux of 2520 pfu
on 21 Aprilat 23:20 UT). The time dependences of the proton
and electron uxes, and also Hp-component of the geomag-
netic field are shown in Fig. 1. The proton plot contains the
five-munute averaged integral proton flux (protons/em® sec’!
st} as measured by GOES-8 for each of the three energy
thresholds: greater than 10, 50, and 100 MeV. The electron
plot contains the five-minute averaged integral electron flux
(electrons/icm™ sec” sr'') with energies grater than 2 MeV at
GOES-8. The Hp plot contains the five-minute averaged
magnectic ficld H-component in nanoteslas as measured by
GOES-5, The H-component is parallel to the spin axis of the
satellite. which 1s nearly parallel to the Earth’s rotation axis,
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Fig. I. Temporal dependences of proton and electron fluxes, Hp-
component of the geomagnetic field, Kp index (a), and the
interplanetary magnetic field and the D, - indices, obtained
by means of the "ACE " sarellitefh),

The temporal variations in the interplanetary magnetic
field and in the Dy, - indices, obtained by means of the “ACE"
satellite situated 1.5 mln km from the Earth, are shown in Fig.
2. The minimum value of the £, —index was £, ,.,=155. As
known [17], this index describes a disturbance degree of the
geomagnetic field, which in its turn deseribes intensity of the
magnetic storms. Over a storm period, the magnetic activity
indices of A, and K., were 62 and 7. respectively. Ac-
cording to one of the classifications, the magnetic storm con-
sidered belongs to the strong and very strong ones [18]. The
energy £, and the power P, ol such magnetic storms are ~
6.5 10") and ~ 7.5 10" w, respectively. The £, value is con-
venient to be estimated using the mimimum D, ,;, value
[191:E,=1.5 Euw(D*/By), where £, ~8-10"] is the dipole
geomagnetic field energy near the Earth surface, B,=3 107 T
is the geomagnetic field induction value at the equator; the
corrected Dy, value isD*,=1), —hp'"-¢c. Here b=5 10°
nT/(Jm*)™, ¢ =20 nT, p =N m v’ N, and m, are the
density and mass of protons, " 15 the solar wind velocity.
The magnetic storm energy estinualed by £, =1.5 Ey(D*,/By),
under D, . ~220 nT, was =6 10", the maximum power

value (on 19 April) being 5.5 10" w ( A7 = 3 hours).

Instrumentation, Methods of Data Acquisition and
Processing

The probing of the ionospheric D-region was performed
with the Kharkiv V. Karazin National University MF radar
[20] located at the Kharkiv V. Karazin National University

2 dnternational Svmposium SEE-2003, Nor-Amberd, Armenia

Radio-Physical observatory.The specifications for the facility
are as follows: operating frequencies /= 2.31 MHz, sounding
pulse length 7 =25 micros, repetition rate £ = 1 per second,
peak pulse power 2 & 100 kw, antenna gain G = 40, The
amplitudes ol signal plus noise of the ordinary and extraordi-
nary polarizations. 4, 4., respectively, were digitized at a
rate ol | per second and recorded on magnetic tapes, In order
to determine the signal amplitudes 4,, 4,, two samples of
noise wnplitudes 4,,, 4,, were acquired within each inter-
pulse interval. The measurements of A,,,, Ay and A, A,.
were made within an altitude range of 60—-126 km. The esti-
mates of the mean squared signal amplitudes <4°,,> and
noise <47, ...~ were made using 60 samples of the signal and
120 samples of the noise obtained over 60-s intervals. The
estimate statistical errors have not exceed 10%. Using
A7, =, their ratio, R = <A’ > ..f'<~'A"U>, was calculated and
used further 10 obtain the electron density against height and
time profiles, Nz, 1), (z is the altitude, ¢ is time) by applying
the difterential absorption technique of [21] and the methods
ol [22]. To obtain the N(z) profiles, we also used the model
clectron-neutral molecule collision frequency profile, v(z), of
[23]. The N(z) profiles were estimated over intervals of 10
min during the entire observation period with an error of not
more thian 30%. The M) plots appear down-shifted by ~5
min because of the 10-min averaging. The dates of the ex-
periments are presented in Table 1. The measurements of
Aoz, ). Aunfzt) and A,.(1), A1) were made before some
days. during and alter the magnetic storm, The comparison
was mude with the data obtained by the same equipment as
that uscd on the magnetically quiet days (the control days).
Controlling over the ionosphere state was carried out by
means ol an ionosonde,
TABLE 1
[nformation of the experiments.

[ate - Data Acquisition Time Interval (UT)
Aprel 10, 01:27:00 — 18:10:00
April 16 20:05:10 - 21:00:00
April 24, 2007 01:20:00 - 18:30:00
| Apnl 28,2002 04:25:00 — 14:45:00
May 03 — (d, 2002 21:15:00 - 11:25:00

Experimental results

In the April 17, 2002 experiment, after 12:55 UT, the
strong partial reflection signals were intermittently observed
in the = = 72-78 km altitude range over 10-25 min intervals
(the signal-to-noise ratio was more than 3). It should be em-
phasized that in the absence of disturbances, signals from this
altitude interval are usually absent or their levels are signifi-
cantly lower than the noise levels. With regard to the electron
density during these disturbed intervals, it increased by more
than 100% (see N(r) at a lew z = constant in Figure 2). Al this
time, approximately after 12:00 UT, the GOES-8 satellite
measurements exhibit a significant increase in the fluxes of
more than |, 10. 30, and 100-MeV protons. It should be noted
that 1 the = 81-90 km altitude range the electron density
variations are less pronounced because the ionization at these
altitudes 15 produced by the solar UV and X-ray radiations
and is not alfected by the protons. The more than 2 MeV
electrons measured by the GOES-8 satellite to precipitate
from the Van Allen radiation belts approximately after 11:00
UT produce a peak in ionization at even lower altitudes.
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In the April 24 experiment (note that the precipitations of
protons having ¢ = 10 MeV started on 21.04.2002 and went on
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ull 26.04.2002) about 5-10 min after the spe commencement
aver SU-60 min within 69-75 km, there were recorded inten-
sive signals (at = =78 km there were no intensive PR sig-
nals). which were not observed before the event (the < -43. %

values became tens of times larger). The electron density
within this height interval increased by about 50% over this
period (see Fig. 3). At z =84, 87 km over this time interval,
the changes in the clectron density corresponded to the typi-
cal diurnal variation. The Nyz) increase at 04:20-05:00 UT
being related (o the high-energy electron precipitation after
the magnetic storm. In the April 25 experiment, PR signals
from the ronization regularities within 84-93 km had weak
intensity Llectron density values succeeded to be recon-
structed within 78-84 km. An example of the N(z) variations
at z = 78-84 kot is shown in Fig. 4. From the beginning of the
experiment and till about 10:00 UT, the N(z) values at z= 78—
81 km exceed about 1.5-3 times the typical values under such
conditions, This scems to have been caused by proton precipi-
tations lusting, as noted earlier, till about 07:15 UT. Atz = 84
km alter about 09:10 UT. theNfz} values have a typical diur-
nal character under undisturbed conditions. Note also that
over the growth period of the PR signal intensities and for
about an hour after, the intensity of the noise and its disper-
sion decreased with a following recovery of the typical diur-
nal variation.On April 10 and May 3-4, 2002, experiments,
which are characteristic of the undisturbed conditions, the
features noted above were not detected.

Protan Modeling Results. Discussion

Using the methods [rom [7], on the basis of a mechanism
for precipitation ol the high energy particles (electrons, pro-
tons), we estimate the proton flow parameters. Using the elec-
tron density magnitudes under the undisturbed V- and dis-
turbed M-conditions, there were estimated ionization rales of
g, =N+ ¢ =a NT. T the energy distribution of particles
(which 1s unknown for the ground observations) is neglected,
then the flow density of the particle power, P ~2gAzAq,
where Iy =y gu & = 35 eV is the energy lost in one ioniza-
tion act, Az is the haight range where the flow of the particles
ol the wiven energy ¢1s absorbed. On the other hand, the P,
parameler 15 connected with the particle flow p: P = & p
When having #;. one can estimate the power and energy of
the particles precipitating over the area §: P = P,S, £ = PAT,
where AT is the precipitation duration. The methods of esti-
mating (he particle flow parameters consist in calculating the
g value. the £, p. P and £ values being calculated as well.In
calculations based on the Mz, 1), it was assumed that Ar =
1.2x10" see and § = 10" m*. For convenience of making es-
timates. we set Az =10 km.

TABLE 2
The proton flux parameters

Date Apnl 17, 2002 April 24, 2002
z. kni 75 7S
Ao RS 1.6 10"
Nom' 3.0 107 2.5x10"

Gu s 1.2x10° 2.6x10°
Gont s 9.0 107 6.3%10°
Pyl 26-10" 1.2x10"
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poim s 0.9%10" 4.0x10°
P, W 2,610 1.2x10°
£ 1010 4,810

The modeling results for the experiments discussed are
presented in Table 2. They correspond 1n a good manner to
the known data on the proton fluxes obtained experimentally
and theoretically during disturbances having different natures
(see, for instance, [7]). Unfortunately, there is no possibility
of correct comparing the proton flux values obtained with
those obtained over the observation period in the satellite
measurements. This is caused by the fact that there are no
reliable methods of recalculating proton fluxes, obtained in
the satellite measurements at = > 200 km. wnto their values
for the lower ionosphere considered. In the April 17, 2002
experiment, as mentioned above. the proton precipitation oc-
curred. The effects appeared during the 13:45-14:15 UT in-
terval after the SSC at 11:07 UT and with time delays of no
less than a 30 min after the beginning of the solar proton
event at 15:30 UT. From an increase in & at 72-75 km by a
factor of 1.5-3 that was observed during the 13:45-14:15 UT
interval and after 16:25 UT by a factor ol up to 7, it follows
that the ~10-20 MeV proton encrgy flux p = 10" m? s In
the April 24, 2002 experiment. the proton flux was p =
4.0x10° m™ s (Table 2).

Conclusions

Using the PR technique. in Khurkiv there were carried out
observations of the middle latitude 1onospheric D-region re-
sponses to the strong magnetic storm on 17-24 April, 2002.
The magnetic storm was accompanied by intense proton pre-
cipitations. Though the main magnetosphere-ionosphere
processes occur, as a rule, at the polar latitudes, information
on strong disturbances of the electron density in the nuddle
latitude lower ionosphere is of greal importance owing to few
such investigations available. Cver the proton precipitation
periods (according to the GOES satellite measurements), the
strong PR signals were intermittently observed in the z=72-
78 km altitude range over 10-25 min intervals (the signal-to-
noise ratio of more than 3). The data on the electron number
density is inferred (rom the MFb radar measurements and an
error does not exceed ~30%. [he information on proton
fluxes is inferred from the experimental electron density data
by using a 2-ion chemical scheme.

After the SSC at 11:07 UT on April 17. 2002, an increase
in N by a factor of 1.5 — 3 in the 72 - 78 km altitude range
was observed to last for 10 — 15 nun. and alter the solar pro-
ton event at 16:25 UT increases in Y by a lactor of up lo 7
were intermittently observed tll - 19:00 UT. The correspond-
ing ~10-20 MeV proton energy [uxes were p = 107 m s,

On April 24, 2002, an increase in the electron density by
50% was observed to last for 43-50 min in the 72-78 km
altitude range, and the proton flux was estimated to be p =
4.0x10°m7 s

In the April 10, 2002 and Mav 3 - 4, 2002 experiments,
during quiet conditions, the features mentioned above were
not detected.
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