Energetic Processes on the Sun during the Extreme Events
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There are some theoretical arguments and numerous observations of solar flares which point out
the importance of turbulence in heating of flare plasma and production of non thermal electrons
and ions, which produce most of the observed flare emission and are observed as Solar Energetic
Particles (SEPs). We will review these arguments and observations, among which are the recent
discovery by Yohkoh satellite of distinct hard X-ray emission from the loop top region of flaring
loop as well as the commonly observed foot point emission. These results have been confirmed
by the higher spectral resolution observation made possible by RHESSI, which quantify the
differences between the temporal and spectral characteristics of these sources. An accurate
assessment of the above processes and explanation of the observations require consideration of
the generation, cascade via nonlinear processes, and damping of the turbulence by the
background particles which results in the heating and acceleration. We will describe recent
developments in the cascade and damping of Alfvenic and fast mode turbulence and discuss
some applications of the results in describing recent observations of flare radiations by RHESSI
and other satellites. We will then describe how we can also address the observations of SEPs by
ACE and WIND. In particular we will show that the above scenario can resolve the long standing
puzzle of the extreme enhancement (relative to photospheric values) of abundance of 3He relative
to 4He and possibly the observed trend of increasing enhancement with ion mass-to-charge ratio
(or mass) of heavy ions.
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Fast coronal mass ejections (CMEs), X-class flares, solar energetic particle (SEP) events, and
interplanetary shocks were abundantly observed during the episode of intense solar activity in
late October and early November 2003. Most of the 80 CMEs originated from three active
regions (NOAA ARs 484, 486, and 488). We compare the statistical properties of these CMEs
with those of the general population of CMEs observed during cycle 23. We find that (i) the 2003
October-November CMEs were fast and wide on the average and hence were very energetic, (ii)
nearly 20 percent of the ultra-fast CMEs (speed >/= 2000 km/s) of cycle 23 occurred during the
October-November interval, including the fastest CME of the study period (~2700 km/s on 2003
November 4 at 19:54 UT), (iii1) the rate of full-halo CMEs was nearly four times the average rate
during cycle 23, (iv) at least sixteen shocks were observed near the Sun, while eight of them were
intercepted by spacecraft along the Sun-Earth line, (v) the CMEs were highly geoeffective: the
resulting geomagnetic storms were among the most intense of cycle 23, (vi) the CMEs were
associated with very large SEP events, including the largest event of cycle 23. These extreme
properties were commensurate with the size and energy of the associated active regions. This
study suggests that the speed of CMEs may not be much higher than ~3000 km/s, consistent with
the free energy available in active regions. An important practical implication of such a speed
limit is that the Sun-Earth travel times of CME-driven shocks may not be less than ~0.5 day. Two
of the shocks arrived at Earth in < 20 h, the first events in ~30 years and only the 14th and 15th
documented cases of such events since 1859.
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Solar and heliospheric extreme events (SEEs) are relatively rare and sporadic dissipative
phenomena. Extremely weak or strong activity periods on the Sun can be not predicted well in
advance with a sufficiently good accuracy because we do know in details neither their physical
origins nor the chain of governing forces. The statistics of such events is poor. These events look
as similar or different manifestations in the solar atmosphere from case to case depending on the
situations controlled by many independent MHD and kinetic dimensionless parameters. The time
scales of interest are very broad and practically span from seconds up to many years. The space
scales can encompass local or even global features. We consider here several recent examples of
extremely strong solar flares and coronal mass ejections (CMEs) which occurred in the 23rd solar
cycle. They were driven by subphotospheric energy sources through the heat flows, bulk mass
motions, and electric currents in different ways and proportions between them. Solar flares and
CMEs accompany each other and share the same free energy of subphotospheric drivers.
Powerful impulsive solar flares without strong CMEs can happen in deep atmospheric structures
often seen as small loops. Strong CMEs without impulsive flare manifestations can arise in high
coronal structures initially seen as prominences, big loops and arcades. This diversity precludes
hypothetical universal scenario, which met in current literature and pretended to be valid for all
flares and CMEs. In most cases both phenomena accompany each other and look as non-local
energy releases. Stronger events often occupy larger volumes and appear as clusters. Sometimes,
corotating and sporadic contributions coexist in space and time. Multiple energy releases can
superimpose and non-linearly interact in the heliosphere. Examples of the nonlinear amplification
or attenuation leading to stronger or weaker magnetic storms will be presented.
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The SEP generation by the Sun and the SEP event occurrences in the Earth orbit are of
probabilistic nature. At the same time, certain regularities inherent to SEP fluxes and events can
well be inferred from the present-day experimental results, which permit also the regularities to
be used in predicting the probability for SEP events (the solar extreme events, in particular) to
occur.

The major regularities pertain to the SEP event distribution functions and to the relationships of
the functions with solar activity.

The functions of SEP event distributions of particle fluences and peak fluxes are shown to be
power laws (with exponents of about 1.3) with exponential rollover at high fluxes. An important
property of the distribution function is that, if the function is divided by the sum of sunspot
numbers over observation time, the resulting normalized functions prove to be the same
(invariant) throughout any solar activity period. This means that the extreme events may occur
during every solar activity period, even during solar activity minimum (so called “quite” Sun
period). That circumstance, established in Nymmik (1999), fully justified oneself in the last solar
minimum, in particular 16+20 January 2005, when some extreme SEP events occurred.

The concept of predominant extreme event occurrences during certain solar activity phases
(maximum, ascending or declining phases) has been shown not to take place.

Summary: the probability for the solar extreme events to occur within any definite period
depends only on the sum of mean-monthly sunspot (Wolf) numbers throughput that same period.

Reference
Nymmik R.A., Relationships among solar activity, SEP occurrence frequency, and solar energetic particle
distribution function, in: Proceedings of the 26-th ICRC V. 8, 3197-3000, 1999.
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Energy spectrum is one of most important features of solar energetic particles (SEPs). It is
connected to acceleration, propagation, and loss mechanisms, as well as time and site of particle
generation and propagation. Energy spectrum is a measurable characteristic of SEPs although
loaded with many signatures of above mentioned processes. It is the utmost goal of the spectrum
study to disentangle and identify all factors of the spectrum formation from observational data.
The relativistic protons are the SEP population most relevant for attempt to provide an insight
into the SEP origin because of their prompt arrival (short time elapsed from the generation
process to observation) and minor distortion by the coronal and interplanetary transport. An
attempt is made to overview observational results, fitting and interpreting the SEP energy spectra
according to the recent works with special emphasis on the giant event of 20 January 2005. This
event clearly reveals the complexity and diversity of observational data interpretations. Theorists
usually discuss one of the mechanisms (e.g., magnetic reconnection, stochastic and/or diffusive
shock acceleration etc.) as a main SEP generation process. Actually, particles are subject to
influence of many factors including not only acceleration mechanisms but also presence of seed
population and wave-particle interactions. Main effort of this talk is directed towards revealing
signatures of the acceleration and propagation processes in the SEP energy spectrum. However, it
should be admitted that many questions are not answered at the moment. It is hardly possible to
deduce the generation mode of solar protons only from their observed energy spectrum. Extreme
solar events give a huge amount of various experimental information on the features of SEPs
(ions and electrons), products of energetic particles interaction on the Sun, along with
information on concomitant solar and interplanetary phenomena. These data are hoped to put
some constraints on the acceleration models.
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This work is devoted to study the behavior of solar emission during the period of January 2005.
The analysis is based upon observations made with Radio telescopes in the out-of-town
observatory NIRFI “Zimenki”. Actual solar data, obtained from contemporary automatic
spacecraft (e.g., SOHO, GOES) are used, as well.

We study the dynamics of centimeter and decimeter emission before main solar flares and
Coronal Mass Ejections (CMEs).

The first direction is based on the effect of long-period (T > 20 min) pulsations growth during the
time interval of 1-2 days before proton flares. This effect has been discovered in the solar radio
emission, using specially developed equipment. The procedure of the short term forecast of
powerful solar flares was proposed. The possibilities of this procedure realization with the use of
routine solar observational data are examined for 4 powerful flares of January, 2005.

It was established earlier that sporadic events in solar radio emission accompanies CMEs
formation. Wide band sporadic components of radio emission called microwave precursors are
studied in the time interval of about 2 hours before the CMEs’ registration on LASCO for the
events of January, 2005.

The presence of quasi-periodic (T ~ 7-20 s) components in solar microwave emission just before
and during the burst itself is studied. Combine analysis of emission in different frequency range
is presented.
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The current solar cycle under all characteristics concerns to cycles of average size. However we
have an opportunity to observe solar extreme flare events in such cycles as well. First of them
was observed in the beginning of April, 2001 when extreme flare activity occurred in two, carried
almost on 180° of helio longitude, sunspot groups AR9393 (N20L152) and AR9415 (S22L359).
But in a current solar cycle flare activity has reached the greatest concentration during 19.10 -
05.11.2003 when at once three greater and flare-active sunspot groups passed a visible disk of the
sun. Solar extreme flare events are connected with sunspot groups area AR10486 (S161L.286)
which has developed in greater group of spots on the invisible hemisphere of the Sun. Already
23.10 in it there were flares of important X5.4/1B and X1.1/IN, and 24.10 — flare of M7.6/1IN.
24-25.10 in this active region there was a first observable emergence of the powerful magnetic
flux which has increased the area of sunspot group to 800 m.s.h. (Sp=2200 m.s.h.), which
consequence were flares of X1.2/3B (26.10), M5.0/1F and M6.7/1F (27.10). Emergence of a new
magnetic flux (27 - 28.10), increased the area of the sunspot group up to record value for a
current cycle — Sp=2610 m.s.h., which led to flares of X17.3/4B 28.10 and X10/2b 29.10.

The X8.3/2B flare occurs at 2.11. The most intensive in a current cycle flare of importance
X>17.5 (X28)/3B occurred at 4.11 near western limb of the sun and essential influence on
geomagnetic conditions wasn’t occurred, however solar proton events of class S3 and S2 were
detected. The basic evolutionary characteristics of the given active region are resulted in the
following table:

AR 10486 (S17L283, ITIM 29,3.10.03)
Sp max = 2610 m.s.h, FKC, 9;
62.56< XRI<73.06 X7;tM;ct+Cis; 41+32+17+S49;
IIBO I (59") —22-24.10 - X;"*+M"*75;
B3 11 (59°) — 27 = 29.10 - X 17 ”’+M 567,
IIBD I11 (85") — 01 — 05.11 — X283 28+M 53

In total for 16 days, 16 large solar flares occurred in these 3 active areas, 11 from which were X-
class flares.
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The occurrence of extreme solar flare event in declining (more often) and in growing phases of
the 11-year solar cycle likewise appears to be a usual rather than an unusual aspect of solar flare
observations. The first known instances of these flare events associated with “Space Weather’s”
effects and occurred on Sept. 1, 1853. In cycle 17 possible similar flare event occurred on the end
of Feb. — beginning of March 1942, during the transit of an important center activity at ~ 4.8 year
after maximum. In cycle 18 — Nov., 1949 (~ 2.3 y.); in cycle 19 — November, 1960 (~ 2.7 y.) and
may be July, 1961 (~3.3 y.); in cycle 20 — August, 1972 (~3.7 y.); in cycle 21 — June, July,
December, 1982 (~3 y.) and the end of April, 1984 (~4.8 y.), in cycle 22 — March, 1989 (~ max.),
June 1991 (~2.5 y). For 8 years of development of the current solar cycle it is registered only four
flares with an x-ray importance X>10 (for example, during 1 — 15 June 1991, there was only 5
flares) and three of them were the main one during the concerned of flare activity period 19.10 —
04.11.2003 (~ 3.5 y.). Definition of SEE entirely and completely depends on those effects in
Earth’s environment or in any points of a heliosphere which makes the solar active phenomenon.
The history of the active phenomena observation shows, that in absolutely overwhelming
majority of cases it is accompanied with powerful flare. Now terrestrial disturbances can be
estimated in the following kinds of his reaction to powerful solar influence: 1. On
electromagnetic shock — “electromagnetic impact”, is inherent only in solar flares, develops at the
moment of realization of solar flare and is estimated on influence on an ionosphere — (R1 — 5). 2.
On intensity of a stream of the charged particles (basically of protons with E> 10 Ma3B) - in
overwhelming number of cases significant fluxes of protons are consequence of processes in
solar flare event (flare) — (S1 — 5). 3. On geomagnetic indignation which develops through 1 - 4
day after solar flare events (flares, filaments ejection) which develops in reply to arrival to the
Earth the disturbance structures of a solar wind from this event or passage of high-speed streams
by the Earth from solar coronal holes — (G1 — 5).

Therefore it is natural to define SEE as large powerful flare events, disturbances from which
influences by all three kinds it is maximum. However 2 and 3 phenomena essentially depend on
localization solar flare events and at adverse, for example, solar limb localization even the most
powerful flare events, consequences of his realization for environment will be expressed or only
in an “electromagnetic impact” for E-limb flare event, or in R and S — for W-limb flare event.

The question of definition solar extreme flare events and their attitude to severe disturbed of
space weather condition and super-events in solar cosmic rays — to the periods of long increase of
level high-energy solar protons in a heliosphere is discussed. The comparative analysis of
features of active areas - generators powerful flare events is lead. The opportunity of forecasting
extreme flare events as result of interaction of new emerging magnetic fluxes and with already
existing magnetic structures is considered.
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We study the initiation and development of five limb coronal mass ejections (CMEs), utilizing
observations from Mauna Loa Solar Observatory (MLSO), the Solar and Heliospheric
Observatory (SOHO), the Geostationary Operational Environmental Satellite (GOES) and
Yohkoh. Also, we analyze the relation between kinematics of the CME and the energy release in
the associated flare.

A complicate structure (prominence and bright overlying arcade) is clearly recognizable in the
low corona during the pre-eruption slow-rise phase in all events. This provided measurements of
kinematics of various structural elements from the very beginning of the eruption up to the post-
acceleration phase which was followed up to 32 solar radii. Such events are observed only
occasionally, and are of great importance for the comprehension of the nature of forces driving
CMEs.

All five CME events were associated with soft X-ray flares. We found that in acceleration phase
there was close temporal correlation both between the CME velocity and soft X-ray flux of the
flare and between the CME acceleration and the time-derivate of the X-ray flux. These
correlations indicate that the CME acceleration and the flare energy release are strongly coupled
physical phenomena occurring in the corona.

Also, observations provide clear evidence that CME eruption is causing a global restructuring of
the magnetic field in the inner and outer corona. Furthermore, the kinematics and morphological
properties of the analyzed CMEs indicate that the dynamics of various structural elements of the
erupting structure is mutually synchronized.
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Oscillations of the quiet solar chromosphere with periods near the acoustic cutoff period of
approximately 3 min can be excited in a gravitationally stratified medium either by: a velocity
impulse representing exploding granules, or a piston that moves with periods longer than the
acoustic cutoff period representing 5 min oscillations, or a piston that moves with periods shorter
than the acoustic cutoff period representing the turbulent motions in the convection zone. We
solve the wave equation in order to infer plausible mechanisms for the generation of 3 min
waves. We found that the velocity for both impulse and long-period excitation decays in a
manner similar to that observed in the K, and H,, emission features in bright points, but the
velocity for short-period excitation does not match the temporal variation of the line profiles.
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A principal possibility of ion acceleration up to relativistic energies is discovered in the

magnetoacoustic shock with the isomagnetic stepwise change. It is shown that the shock surfing
acceleration of solar protons up to energies of 1-10 GeV is quate reliable.
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The report provides a review of observations and most important results of the CORONAS-F
mission obtained for over three years in orbit (2001-2004). The observations and the related
new results concern the extreme solar events, active regions and solar flares, lower corona,
ultraviolet and X-ray solar radiation, and solar cosmic rays.
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Low energy galactic cosmic rays as well as particles accelerated to high energies either at the
solar surface or in the interplanetary medium have access to the atmosphere above a given
position on the Earth depending upon the state of the magnetosphere. The interpretation of the
cosmic ray anisotropy, deduced from the neutron monitor network, must assume the variability of
the magnetospheric configuration. Along with a short review of changes of the geomagnetic
cutoffs in the disturbed magnetosphere reported in the earlier papers, we present the results of
computations of transmissivity function and asymptotic directions for selected points on the
ground and for a low altitude polar orbiting satellite as well. The computations, based on
different available models of geomagnetic field of external sources (e.g. Tsyganenko codes of the
models T8&9c, T96 01, TO1 01, T04 s available at
http://nssdc.gsfc.nasa.gov/space/model/magnetos/ data-based/modeling.html), are performed for
quiet time periods and for strong geomagnetic disturbances occurred in 2003 and 2004.

The implications of the results for space weather studies are discussed while comparison with the
predictions by IGRF model is also presented.
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Solar wind is a mutual source of the energy for magnetic storms and magnetospheric substorms,
therefore both processes certainly are related. The disagreements between researchers start with
the estimation of the magnitude and the features of the mutual influence of these two processes.
The problem might be divided into following parts: - influence of the substorm activity on Dst
and the ring current, the distortion of the configuration of the magnetosphere during the storm-
time and the adverse influence of the magnetic storms onto substorm structure and their
development.

Importance of the substorm activity was supported for years by close correlation of the Dst -
index and substorm indexes found both statistical and in the case studies.

The ideas of the magnetic storm partial or total independence from the substorms arrived recently
based on the successful modeling of the Dst development solely from the solar wind parameters.
Direct ring current particle measurements and modeling of the ring current formation offer wide
variety of conclusions about the capability of the substorm injections to provide ring current
carriers. Substorm injections are regarded as a obligatory part of ring current formation, as
responsible only for high energy tail of the ring current protons and even as capable to
slowdown Dst development.

The opinion on the importance of the substorms is strongly supported by the direct measurements
the ions of the ionospheric origin in the ring current, which presumably arrived in the
magnetosphere during substorms.

Dst index alone does not reflect all magnetic storm processes. During the main phase extensive
transformation of the magnetospheric configuration might be regarded as a most important
process while Dst grows with considerable delay. Best manifestations of the magnetosphere
reconfiguration are dynamics of the solar proton penetration boundary or inner boundary of the
auroral zone. There are evidences that substorm activity along with solar wind pressure
enhancements are responsible for the boundary dynamics.

Therefore it is possible to conclude that substorm activity play important role in the development
of the magnetic storms, although the physical mechanisms of substorm influence are not totally
clear. Further studies of particles and fields dynamics during storms with sufficient temporal and
spatial resolutions are required.

Comparison of the storm-substorms with the ordinary substorms shows that the similarity
between their features is prevailing. The obvious causes of difference are the increased
magnitude of the solar wind (convective) electric field. As a result storm-substorms have more
pronounced dipolarization, longer periond of the enhanced particle invrease and so on. Long
duration of the southward Bz creates such regular chain of substorms as "sawtooth" events.
Earthward shift of the quasi- trapping region and, accordingly, equatorward shift of the auroral
zone also lead to the certain modification of the substorm development. The only known
example of special unusual storm-substorms relation was initiated by the SC impulse at the
beginning of the extreme magnetic storms at the end of October 2003.
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The role of cosmic ray fluxes in the atmospheric processes, such as cloud and thundercloud

formation, lightning production, global electric circuit operation, and global warming is
considered.
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Regularities of geomagnetic pulsations (T ~ 200-500c), caused by the action on the
magnetosphere of solar wind (SW) plasma fronts of the different nature (CME, interplanetary
magnetic clouds, shock waves and tangential discontinuities) are being investigated
depending on a view of dynamic pressure profile. The possibility of simultaneous excitation
of the pulsations globally at the Earth’s surface during initial phase of geomagnetic storms
under the action of front with sharp enough pressure change is shown. The response of
magnetosphere to geomagnetic pulsations with different changes of dynamic pressure of the
SW is analyzed:

1) Single impulses both the positive, and the negative;

2) Sequence from two or several enough sharp and well identifiable impulses with
different sign of changing of dynamic pressure on each of them;

3) Quasiperiodic oscillations of SW dynamic pressure with small enough amplitudes
of pressure variation.
In the analysis of single impulses the special attention is given to the negative impulses. In the
long period pulsations range impulses of both signs cause generation of a train of global long
period pulsations.
In the analysis of impulses consisting of sequence of two impulses of different signs it is
shown, that at the absence of change of dynamic pressure in the gap between impulses, when
the time interval between them makes approximately 45-60 minutes, each of them is a source
of global long period geomagnetic pulsations. Thus the following difference in behavior of
central frequency of a train of generated pulsations is observed: the positive impulse is
accompanied by magnification, and the negative impulse — by diminution of pulsations
frequency. This behavior is explained by a model of generation of radial magnetopause
oscillations, developed by the authors.
In the analysis of pulsations in the Pc5 range, observed during the crossing of multiple
magnetopause the Interball 1 satellite, it has been shown, that pulsations registered at this time
are not global, they were preferentially observed on the evening side of the magnetosphere
and on the ground. Thus observed oscillations of geomagnetic field have the asymmetric
mechanism of generation, associated with the influence of azimuthal component of
interplanetary magnetic field.
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The hydromagnetic waves of the Pc5 range are generated either as the magnetosphere response to
discontinuities of the solar wind, or the impulses from which excite oscillations of a
magnetospheric resonator, or due to development of various hydromagnetic instabilities on the
magnetopause (Kelvin-Helmgoltz and Rayleigh-Taylor instabilities, or their modifications). In
the former case we deal with short-term Pc5 "trains", restricted mainly with high-latitude areas,
in the second case we obtain global oscillations. Global Pc5 activity in the magnetosphere has
been studied using data from satellite and on-ground worldwide network of magnetometers over
a period between the maximum of 22™ solar cycle maximum and the decay phase of 23" cycle.
A number of the Pc5 intensity distribution maps are plotted to show development of
hydromagnetic activity over the Earth’s surface in the course of a global Pc5 event. Local time
intervals preferable for the pulsation observation are revealed. Plasma and magnetic
measurements in the solar wind show that global Pc5 pulsations occur against the background of
very high values of the solar wind velocity. Resonance structure of the oscillations shows evident
contribution of some sort of resonances to the spectrum of pulsations. Probable nature of a
resonator and a source of oscillations are discussed. Energy of the hydromagnetic waves
downloaded from the solar wind during a global Pc5 event exceeds the energy of a substorm.
This fact allows us to suggest that the global Pc5 oscillations, excited on the magnetopause as a
result of interaction of the magnetosphere with the super fast flows of the solar wind, realize the
direct transfer of the solar wind energy into the magnetosphere, bypassing usual stages of
accumulation and releasing of energy. Pc5 magnetic field amplitude at synchronous orbit
amounts to as much as 50% of the total geomagnetic field in this region of the magnetosphere.
The diversity of non-linear effects is inevitable in such a case. Very important effect is the wave
acceleration of MeV electrons. In addition, other possible types of the strong wave action
consequences are discussed in the report, like diamagnetic effect that weakens the magnetic
barrier of magnetopause and the ponderomotive forcing, which essentially modifies plasma
distribution in the magnetosphere.
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Global geomagnetic disturbances featuring by simultaneity of worldwide registration
is studied in details for magnetic storm and its structural elements particularly for
preliminary impulses (PRI) of sudden storm commencement. Also global worldwide
signatures are discovered for a few types of geomagnetic pulsations Pc5 which source
is supposed to be related to large scale magnetosphere oscillations caused with
perturbations of field aligned currents in auroral zone. This report deals with
investigation of global geomagnetic disturbances of impulse nature accompanying two
solar extreme events 4.11.2003 and 6.11.2004 (maximum amplitude up to 12 and 8 nT
on the middle latitudes, correspondingly). These geomagnetic disturbances were
taking their course against sharp variations of fluxes of hard electromagnetic
radiation. In the both cases there were no jumps of solar wind pressure or drastic
changes of interplanetary magnetic field. Also any substorm perturbations have not
been registered.

For interpretation of observed phenomena the physical conditions favoring to
appearance in polarized layer emerging on stratosphere altitudes (~20 — 40 km) due to
absorption of hard flare radiation the electrical field with value close to electric
discharge initiation. Such the electric discharge (stratosphere lightening) in its turn
might be source of broad band emissions of different physical nature
(electromagnetic, acoustical-gravitational, heat and so on.), which might lead to
generation of oscillatory processes of different frequencies. In particular, acoustical
wave achieving ionosphere might induce impulse of field aligned current and high-
frequency turbulence on ionosphere E-layer. Presence of natural waveguides such as
gravitational, atmosphere TH-waveguide, Alfven and FMS waveguides might lead to
observing modulation of emerging emissions.
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Driven magnetospheric disturbances arise as the result of a strengthening of the solar wind
electric field IEF, which strengthens the DR-current and creates a magnetospheric storm (e.g.,
Rostoker et al., 1987; Akasofu et al.2001). Other type of the disturbances - substorms - arises
spontaneously but also can serve as the reason of the DR-current and magnetospheric storm
development (Sharma et al., 2001). Questions of interaction of the driven and spontaneous
disturbances, on the one hand, and the relationship "substorms- storm" create two closely
connected actual problems that both are considered in the present work.

The super-storm 20.11.03, (0-24) UT was studied by using data of ACE, WIND, and of 134
ground-based high latitude magnetometers in the northern hemisphere that were handled by the
magnetogram inversion technique, MIT2 (e.g., Mishin et al., 2001). The activity level (AE), input
power &'(Poynting flux from the solar wind into the magnetosphere), total power of the
magnetosphere disturbance (Qr), and the powers consumed in the ionosphere Q;, and ring
current (Qpr) have reached values, respectively, AE~3000nT, &'= Q> 3-10" Watt, Q; ~ 2:10"
Watt, and Qpr>10Q;.

The substorms, the poorly studied rigidly driven modes, and the mode, created by the solar wind
pressure pulse, are described. The ionosphere saturation mode, when the AE indexes, the values
Qr, and Qy all did not react to strong input power growth, are described for the first time. In one
of examples the saturation of an ionosphere has led to accumulation of additional magnetic
energy of a tail and the subsequent jump of values Qpr and Q;.

The above modes are described in terms of powers €', Qr, and Qpr for the first time. For the
mode of a substorm, when it is the prevailing mode, the relationships Q1=0.5¢" on loading, and
Qr>>¢’ in the beginning of unloading, are both characteristic. For the same mode, the
relationships Qi=Qpg, or a weak inequality Qi>Qpr are both typically. For the mode, which was
named "rigidly driven", there corresponds the approximate equality €'=Qr and relationships
Qi=Qpr, or Qpr>>Q at low and high values of Qr, respectively.

As the whole, results of the present work shed a new light on the relationship of driven and
spontaneous disturbances and their energetics. New modes of the magnetospheric disturbances
are described. The problem "substorms - storm" is considered in new details. The events of two
types, in which predominating contributions to the DR-current power were created by driven
component or by substorms, have been both described. It was found that inequality Qpr>>Q;
took place during the "rigidly driven" events.
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By using the magnetogram inversion technique MIT2, the ionospheric convection systems were
calculated with the steps of 1 to 10 minutes for the events on Nov 20, 2003. The convection
patterns are then compared with SuperDARN and Cluster in-situ electric field measurements
along the orbit. It was shown that the MIT2 convection systems are changing with the observed
basic regimes of the disturbance. We distinguish three types of the convection systems,
respectively, for substorms (mode 1), and two other modes. Mode 2, named DSMC, is a more
global one than typical substorms, and does not comprise signatures of the spontaneous
expansion phase. Mode 3 is the ionospheric response to the interplanetary shock, IP. The
convection system of each of these modes has its own clearly expressed signatures, which are
described and discussed in terms of the probable physical scenario behind them. We discuss also
the relationship of the observed convection systems and FAC systems. Some features of the
magnetospheric generators of different convection systems are mentioned.


mailto:mishin@iszf.irk.ru

M9
Dynamics of the Field-Aligned Current Systems and the Polar Cap
Boundary Observed during the Super- Storm on Nov 20, 2003

V. Mishinl, M. Foersterz, T. Saifudinoval, A. Bazarzhapov], L. Sapronoval, V.Golovkovs, P.
Stauning", J. Watermann*, and S.Solovyev5

"Institute of Solar — Terrestrial Physics
? Max-Plank Institute of Extra-Terrestrial Physics, Garching, Germany
3 Institute of Terrestrial Magnetism, Ionosphere and Radio
Wave Propagation, Moscow, Russia
4 Danish Meteorological Institute, Copenhagen, Denmark
® Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS,
Yakutsk, Russia

1126 Lermontov str. , 664033 , Irkutsk, Russia
mishin@jiszf.irk.ru

By using the magnetogram inversion technique MIT2 [e.g., Mishin et al., 2001, and refs therein],
the systems of the field-aligned currents (FACs) were calculated with the steps of 1 to 10 minutes
for the events of the super-storm during the full day of Nov 20, 2003. Basic modes of
disturbances during this event were realized and they are described in terms of the FAC density
spatial 2D distribution in the ionosphere.

One aspect of this study is description of the FACs density spatial distribution in the terms not
only well-known Ilijima-Potemras’ Regions, but also in the terms of the mid-scale spatial M.N-
inhomogeneities in each of these Regions. Three M.N-inhomogeneities are regularly observed in
each Iijima-Potemras’ Region. The value M=0, or 1, or 2 is the number of the lijima-Potemras’
Region. The value N=1, or 2, or 3 is the number of the inhomogeneity. These inhomogeneities
had been overlooked in past, and were detected by [Mishin et al., 2003]. We describe them under
the data of the considered events, and compare our data with appropriate data from the well-
known statistic model of the FAC spatial distributions by Weimer [2001]. Models of the
magnetosphere generators of the FACs, accounting for the above inhomogeneities, are briefly
discussed.

The other aspect is the FACs spatial patterns for successive regimes of the magnetospheric
disturbances observed in the super-storm under consideration [see Mishin et al., this issue]. The
regimes differ by intensity and by a degree of a clockwise twisting of the FAC pattern. The
driven mode is more global than a spontaneous substorm. Its FAC spatial pattern comprises the
signatures of the rather local than global spontaneous expansion phases. Also, this pattern often
comprises two current wedges, SWC1 and SWC2, which are closed in the ionosphere along the
geomagnetic parallel and meridian, respectively. The response of the FAC spatial pattern on an
interplanetary shock (IP) is also described.

We discuss on a conceptual level the physics of the above clockwise twisting of FACs as the
consequence of the asymmetric ring current development, also the physics of the SWC2, and the
nature of the FACs, created by IP.
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On data of global geomagnetic observations and auroral TV registration at Tixie (MLat ~66 deg,
MLong~190 deg) the properties of sudden geomagnetic impulses with the onsets at 1052 UT and
1827 UT on November 7, 2004 and their manifestations in spatial-temporal dynamics of auroral
luminosity in the evening (~20 MLT) and morning (~0330 MLT) sectors, respectively, are
studied. Both sudden commencements (SC) have been registered at positive values of IMF Bz —
the first on at Bz ~ 4-8 nT and the second impulse at Bz ~20-38 nT.

It has been established that SCs propagated in azimuth and toward the pole. Two typical
velocities of azimuth propagation V~20-40 km/s and V»~5-10 km/s have been obtained. The
first impulse propagated poleward from the MLat ~73 deg to ~ 76 deg. The second propagated
from ~63 deg to ~ 75 deg. The velocity of propagation toward the pole in the postnoon-evening
sector for both impulses was ~4-6 km/s.

The impulse generation has been accompanied by simultaneous brightening of auroral arc with a
consequent southward extension of luminosity region in the evening hours and poleward in the
morning hours with the spatial-temporal modulation of brightness of auroral luminosity with
periods T~5-6 min (second SC). The enhancement of brightness and poleward extension of
luminosity region were simultaneously observed with the enhancement of positive values of the
geomagnetic field H-component and the shift of maximum values of AH poleward with the
velocity ~2,2-2,6 km/s.

The onset of SC at 1827 UT led to the excitation of geomagnetic pulsations with T~2-3 min in
the Pc 4 range at latitudes <= 60 deg in all temporal sectors which were registered up to 2000 UT
and accompanied by wavy distortions of auroral arc at MLat~60 deg at 0330-0500 MLT.

The role of MHD wave, variations of ionospheric conductivity and field-aligned currents in
generation of SC and Pc 4 pulsations is discussed.
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We report the results of a coordinated data analysis storm-time Pc5 event observed on the ground
and also in the magnetosphere. The event took place during the main phase of the large magnetic
storm on January 21-22, 2005 with SSC at 1712 UT caused by sharp increase of dynamic
pressure of the solar wind (up to ~25 nPa) and drastic changes of interplanetary magnetic field
(IMF). On data of high-latitude CPMN stations the variations of magnetic field during the storm
were characterized by some sharp intensification (up to ~2000 nT) of westward electrojet lasted ~
10-30 minutes. At the beginning, the maximum of intensity of westward electrojet was observed
at ~ 6501 of magnetic latitude (MLAT), and was followed with the intensive bay of riometer
absorption. During the intensification with onset at ~1845 UT, triggered by a very sharp jump of
solar wind pressure till ~70 nPa and excursion of IMF Bz (-30 [1 + 30 nT), the center of
westward electrojet together with the region of energetic electron precipitations shifted to ~60[
MLAT. The electrojet weakening coincided with the excitation of Pc5 geomagnetic pulsations at
the same latitude. The large amplitude pulsations were registered till 0100 UT on January 22,
2005 covering ~10[1 latitude. The maximum intensity of pulsations reached ~ 400 nT. The
pulsations stopped simultaneously with sharp decrease of solar wind density. The GOES 10, 12
satellites were located at the noon and evening side respectively and both registered quasi-
periodic magnetic oscillations of the same period in the compressional component. A Los
Alamos particle detector on board geostationary satellite observed the occurrence of energetic
particle flux oscillations in the Pc5 range. Geomagnetic pulsations were followed with the VLF-
emission and riometer absorption modulation. Observations of riometer absorptions at the
meridian station chain showed that the regions of deep modulation of absorptions and
geomagnetic pulsations maximum shifted to high latitudes in the same way. Depth of VLF-
emission modulation registered at mid-latitude station Yakutsk reached 100% in a wide
frequency band (till 10 kHz). Considering the characteristics of VLF-emission, we conclude that
significant and long-lasting compression of magnetosphere led, probably, to moderate pitch-angle
diffusion of particle into the loss cone even at the middle latitudes. It is inferred that in the
present event, a modulation effects are caused by a compressional waves.
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DMSP satellite observations in the evening sector are used to investigate dynamics of
undulations at the equatorward boundary of diffuse aurora and their relationship to the
substorm/storm development and Pc5 magnetic pulsations during two successive magnetic
superstorms at the beginning of November 2004. Magnetic measurements at the Yakutsk
observatory (¢p=62°N, A=129.6°E, L=3.3) by using a new flux-gate magnetometer constructed by
Magson (Germany) adding the SYM and ASY indices allowed us to instantaneously determine a
magnetic activity. The first event of undulations was seen in the nighttime light images from two
DMSP satellites near Yakutsk (¢~62°) at 0920-0930 UT on November 8, 2004 during the storm
recovery phase (minimal value of the SYM-H index was —394 nT at 0556 UT). The observed 4
undulations had the wavelength A~450-500 km and the amplitude A~150 km and they
propagated westward with the velocity V~1 km/s. The second event of undulations was
registered during 5 successive passes of three DMSP satellites in time interval from 0340 till
1030 UT on November 10, 2004 during the main phase of storm (minimal value of the SYM-H
index was -282 nT at 0932 UT). In the first 2 passes the large-scale undulation with A~600 km
and A~400 km was registered at about ¢~62° near Alaska and then in the sequential passes the
sizes of undulations were decreased up to A~250-300 km and A~100-150 km at about ¢~60° in
Far East of Russia.

All observed undulations were associated with subauroral polarization streams (SAPS) and
plasma density troughs by data of the SSIES detector measurements aboard DMSP satellites. The
appearance of undulations for both events near Yakutsk was accompanied by enhancements of
positive values of the magnetic field H-component and Pc5 pulsations with periods ~4-8 min and
~5-7 min, respectively, registered at this station.

The behavior of undulations and fast plasma flows with concurrent Pc5 pulsations is discussed.
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The geomagnetic response to optical flares of the first decade of November 2004 was detected by
high-latitude stations of the northern hemisphere, which precedes the start of intensive magnetic
storm on November 7. The analysis of magnetograms of ground station network has been carried
out during periods of time including the famous solar flare manifestations on November 11,
2004.

The complicated coronal mass ejection belonging to “full halo” type with three brightly-
expressed components with the onset 01.31UT, 02.06UT and 02.42 UT was considered as the
reference point. The mean speed of disturbance distribution was approximately 950 km/sec.
Probably, this very coronal mass ejection was the main source of the magnetic storm with the
minimum index value of Dst 373 nT on November 8 in 07UT. The most brightly-expressed
reaction of geomagnetic field variations was manifested on the day side a few minutes after the
flare (02.42 UT). Dozens of minutes later ionospheric fluxes intensifies, which is typical of the
known flux system formation. It is advisable to use the empiric scheme explaining the observed
manifestations in the magnetic field before the storm. The hard electromagnetic radiation of Sun
increases Earth ionosphere ionization. The solar flares are accompanied by hard electromagnetic
radiation (ultraviolet spectrum area, X-ray radiation), which results in ionosphere conductivity
increase. This leads to intensification of ionospheric currents and large-scale system currents,
including longitudinal currents, which will contribute to the desired increase of magnetic field
variations (H-component, Dst-variation , etc.).
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Solar extreme events having prolonged periods of large negative Bz IMF orientation produce
great geomagnetic storms. Main features of great geomagnetic storm are the considerable
increase of plasma pressure inside the magnetosphere, the existence of high level turbulence and
the filling of magnetic flux tubes by accelerated ions of ionospheric origin. O+ ion population can
be ~40% of magnetospheric ion population.

The self-consistent picture of storm time magnetospheric processes includes the analysis of
plasma transport, particle acceleration, formation of storm time current systems. Theoretical
analysis of the maximal possible level of plasma tube filling is presented. The analysis of plasma
pressure distribution shows, that magnetic field disturbance can be connected with current
systems, which were not included in modern magnetospheric current models.
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Response of the midlatitude ionospheric D-region to geospace storms shows a complex nature.
The available experimental results do not allow to detect and model many of the response
features. This work is continuing the experimental studies [1, 2] of the variations of the electron
density in the midlatitude ionospheric D region and the variations of the noise and the scattered
signals at a frequency of 2.3 MHz performed by using the MF radar technique and encompass the
interval of November 8 — 11, 2004. The data used in this study were collected with the MF radar
and the fluxmeter magnetometer at the Kharkiv V. Karazin National University Radiophysical
Observatory (49.5N, 36.3E). The scattered signals were sampled at 3 km intervals from the 60 —
102 km region and the magnetic fluctuations in the 1 — 1,000 s period range. The magnetic storm
was associated with increases of 2 to 4 orders of magnitude in proton fluxes and of 3 to 4 orders
of magnitude in electron fluxes, with a significant variation in the geomagnetic field, and with a
decrease of 400 nT in the Dst index during the storm’s main phase. Five optical flares (one of
them was a class 3B event) and three x-ray bursts (one of them was a class X2.5 event) occurred
during the observation period.

During the daytime, the electron density in the 80 to 90 km region showed the increase of 50% —
400% comparing to the undisturbed conditions. Under nighttime conditions, the scattered signals
appeared intermittently over 1 — 10 min intervals, and the electron density during these intervals
showed the increase up to 10° — 10° m™. These disturbances in the electron density were
apparently associated with electrons and protons precipitation from the magnetosphere. Estimates
of the electron fluxes based on these disturbances in the electron density provide the values of 10°
—10° m™? s™', which are in good agreement with theoretical predictions and the data obtained
under disturbed conditions.

During optical flares and x-ray bursts, the radio noise, the scattered signals, and the dependence
of the electron density versus time and altitude show characteristic features, which distinction is
discussed. The detected temporal variations in the electron density, which attain 300% — 450%,
were used to calculate variations in ionization rates in the 80 — 90 km region. For instance, the
electron density in the 81 — 90 km altitude range exhibited an increase by 250% — 450% during
the class X2.5 event on November 11, 2004 when the ionization rate increase varied by a factor
of 3 to 10.
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There are presented results of experimental investigations obtained by a partial reflection (PR)
technique; these are variations in PR parameters, radio noise at ~ 2 MHz and the electron density,
N, at the middle latitude ionospheric D-region during magnetic storms occurring over periods of
14-24 April 2002 and 27-30 May 2003. Responses of the D-region to the beginning and ends of
storms are investigated. Experimental investigations were carried out by means of the PR
technique near Kharkiv City at the Kharkiv V.N. Karazin National University Radiophysical
Observatory.

In the beginning of the magnetic storm of 27-28 May 2003, increase in the Kp index were
synchronously accompanied by considerable increasing in the radio noise intensity, by appearing
of intensives PR-signals from the height levels of Z = 87 km by night, becoming units-tens of
times larger. The differential absorption of PR signals increased considerably. At the same time,
there were observed quasi-periodic changes in the characteristics of PR signals with their periods
of more than an hour (no special features were discovered both in the reflections from the heights
lower than 87 km and in the radio noise). The variance of the statistical characteristics of PR
signals became several times larger. Over this period, the electron density changed quasi-
periodically with about the same period, with the N variations being 100 — 200%. The end of the
magnetic storm was accompanied by a strong disturbance in the geomagnetic field within 15.00—
18/00 UT and by a small increase in the Kp index. Over this period and up to the magnetic storm
end, quasi-periodic intensive PR signals at an ordinary component within 81-87 km were
observed. The electron density at these altitudes increased by 200—400% over an hour, with both
a subsequent short-time (about 20 min) recovery to the value under the undisturbed conditions
and quasi-periodic variations with a period of 7 =60 min before the magnetic storm end. Note
that in the experiment of 31 May 2003, carried out after the magnetic storm, characteristic
peculiarities — like those observed during the magnetic storm — were not discovered; N changes
within 81-87 km corresponded to the typical undisturbed conditions.

The magnetic storm of 17-24 April 2002 was accompanied by intensive proton precipitations for
tens of minutes. Though main magnetosphere-ionosphere processes occur, as a rule, at the polar
latitudes, information on strong disturbances of the electron density in the middle latitude lower
ionosphere, caused by the storm, is very important owing to not numerous investigations of this
type. Over the periods of precipitating protons, there were periodically observed intensive PR
signals within 72—78 km (the signal to noise exceeded 5). Increasing in the electron density in the
lower part of the ionospheric D-region over these periods was more than 50-100 %. Changes in

the ionization rate were estimated as /% ~4-30.

Assuming that increasing in the electron density were caused by the precipitation of electrons and
protons over the magnetic storm period, the calculations of the energy characteristics of the
particle fluxes were made by means of the experimental data. They agree well with the
theoretical estimations and known data on the particle fluxes obtained experimentally during
disturbances of different nature. They appeared to be 10'—10°m™c'.
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The role of the proton flows precipitating in the high D-region of the ionosphere has been studied
rather well. Possible effects of these flows on the middle latitude D-region of the ionosphere have
been studied insufficiently: there are only episodic experimental investigations; therefore there is
necessity to collect additional information in order to study this phenomenon which is important
for solving both the scientific and practical problems of radio communication, radio navigations, etc.
This report deals with experimental results obtained by the partial reflection (PR) technique at
middle latitude for some solar proton events over the periods of solar flares and magnetic storms.
The experimental investigations were carried out by means of the complex equipment using the
PR technique at the V. Karazin Kharkiv National University Radio Physical Observatory situated
near Kharkiv.

For the analysis PR signal records made during 8 events of protons precipitating into the Earth
ionosphere were selected from the University experimental data bank,.

The analysis of the experimental data have shown that, for the events considered, there occur
typical features both in the behavior of PR signals and noise and in the height-time variations of
the electron density. As a rule, the main special features of the experimental data at the time of
such events are as following:

1) Appearance of intensive PR signals (the intensity of PR signals became units-tens of
times larger) from the lower part of the middle latitude ionospheric D-region (z ~70-80 km) for a
few tens of minutes;

2) Increasing of electron density by more than 50-150% in this height interval;

3) Decreasing of noise intensity, its dispersion and their following recovery of the typical
diurnal variation.

The electron density increase at 70-81 km seems to be related to the precipitating protons having
more than 10 MeV.

On the basis of a mechanism for precipitation of the high energy particles (electrons, protons), we
estimate the proton flow parameters. Using the electron density magnitudes under the

undisturbed No - and disturbed N -conditions, there were estimated ionization rates of qzaoNoz,
q=aN?, where o and o are the corresponding recombination coefficients. On the basis of the
experimental data on changes in the electron density over the periods of precipitating protons,
corresponding flows were estimated, being ~10'm™sec”. The calculations of the proton flows
from the experimental data agree well with those theoretically known.

Using the experimental data on temporal changes in the electron density, we estimated the rate of
changes in forming electrons at these heights. For instance, for the experiment of April,12, 2002
at z =75 km, g/qo = 5,64; for the experiment of February, 20, 2002 at z =72 km, q/qo = 4,0 and for
the same experiment at z =78 km, q/qo = 26,01.
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Extremely high solar activity of October-November, 2003 and November, 2004 caused a number
of high-level geomagnetic disturbances. Actually, for the last 35 year only five storms were
observed with amplitude of Dst-variation higher than 350 nT, and three of them, occurred just in
2003-2004 years. Thus, studying of radiation belt variations in such extreme conditions must be
highly interesting.

We analyze variations of the radiation belt energetic electrons during November, 2004 — January,
2005. This time period includes two superstorms in November, 2004 and series of moderate
storms during solar extreme events in January, 2005. We used charged particle data from the
geosynchronous satellite Express-A2 (electrons 0.8 — 1 MeV, 4 — 6 MeV) and the satellite
Meteor-3M of 1000 km altitude polar orbit (electrons >3 and >8 MeV).

As a result of each of the superstorms of 8th and 10th November 2004 (|Dstimax=373 nT and 289
nT respectively), the new radiation belts have been formed in the slot region between the inner
and outer radiation belts. L-coordinates of the intensity peaks of these new belts are found to be
at Lmax=2.9 and Lmax=3.1, which occurs in a good agreement with the early obtained empirical
dependence |Dstjmax=2.75*10"4/Lmax”™4. In November-December, the new belt slowly moved
earthward (the displacement AL~0.1 in month). This transport is in a good agreement with theory
of particle diffusion under sudden impulses influence.

During a series of geomagnetic storms of average amplitude (|Dstjmax~100 nT) developed as a
result of the extreme solar events in January, 2005, the new belt has moved much faster and reach
L~2.5. Meanwhile, the January storms themselves formed the new belts peaked at about L~4 in
consistence with above empirical relationship.


mailto:tverskaya@taspd.sinp.msu.ru

M19
Extreme Low-Latitude Auroral Oval Position in 2003-2004 Years as
Inferred from meteor-3M Auroral Electron Precipitation Data

B. Marjinl, L.Tverskayal, M. Teltsovl, T.Ivanoval, V.Feigin2

!Skobeltsyn Institute of Nuclear Physics, Moscow State University,

Research Center for Earth Operative Monitoring

Vorob'evy Gory, Moscow 119992, Russia
51 Dekabristov str. , Moscow 127490, Russia

tverskaya@taspd.sinp.msu.ru, marjin@taspd.sinp.msu/ru

We studied the extreme low-latitude location of the auroral electron precipitation region during
the superstorms of 2003-2004: October 30, 2003 (|Dstjmax=401 nT), November 20, 2003
(|IDstjmax=472 nT) and November 8, 2004 (|Dstjmax~373 nT). The data of 0.1-15 keV electrons
measured by Meteor-3M spacecraft operating at polar orbit of about 1000 km altitude were used.
Positions of the nightside auroral precipitation region in storm maximum were compared with
several empirical relationships between positions of some magnetospheric plasma domains and
Dst amplitude: maximum of storm-injected relativistic electron belt, westward electrojet center,
equatorial boundary of night side auroral oval.

According to theory many plasma domains in the night magnetosphere are concentrated within
the transition region between the plasmas of low and high pressure: trapped radiation boundary,
equatorial boundary of discrete auroral forms, field-aligned currents, auroral electrojets. Most
probably the peak of a storm-injected belt of relativistic electrons lies in this region too. So, all
these storm-related effects may be expected to only one the same functional dependence of their
L-position on the strength of a storm, i.e. |Dstjmax.

The agreement between empirical dependencies of the maximum of storm-injected relativistic
electron belt and nightside auroral oval low-latitude boundary on Dst-amplitude and location of
auroral electron precipitation region is better than AL~0.2. Empirical relationship between
position of westward electrojet center and Dst-amplitude was based in the storms of
[Dstjmax<250 nT and being extrapolated to the superstorms it comes to essential discrepancies
with both above relationships.
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Along with the stable inner proton belt, temporal existence of additional belt of the 1-15 MeV
protons has been reported. Intensity increases and decreases were registered at L=2.5-3.5 after
strong magnetic storms. As a source of this additional protons population energetic plasasheet
ions and solar protons were regarded. For the explanation of the arrival of additional proton belt
the model of resonant acceleration and radial particle injection was introduced, with strong
electric field induced by the compression of the magnetosphere as a driver.

Our study presents experimental description and explanation of the emergence and destruction of
the solar proton belts in the inner magnetosphere, based on the solar protons and ions
measurements by low altitude polar orbiter Coronas-F. Time interval from October 20 to
November 25 2003 have been chosen, when several magnetic storms occur. Our model does not
demand resonant acceleration; it explains appearance and disappearance of solar proton belts
(SPB) as a result of the magnetosphere reconfiguration.

We investigated dynamics of the boundary of solar proton penetration (PB) into the
magnetosphere. Usually PB is the same for the protons with energies from 1 to 50 MeV, but in
some cases during PB retreat from the Earth, part of 1 MeV proton flux remains trapped at the
old position. We explain this effect by the following way.

Solar particles are on open drift orbits behind the PB and if the recovery of previously
compressed magnetosphere is fast comparing with particle drift period, then part of this particle
will remain on the closed trapped orbits. For example at L=3 magnetic d