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Abstract

Based on the concept of multiple acceleration of solar energetic particles (SEP) we analyzed the super-event of 20 January 2005 by the
data of ground level, balloon and spacecraft observations. The main characteristics of relativistic solar protons (energy spectra, anisot-
ropy directions and pitch-angle distributions) are derived and their dynamics during the event is studied. It is shown that the flux of rel-
ativistic solar protons may consist of two distinct components, the so-called prompt and delayed ones. Within a two-source model of
particle generation, one of which is associated with an expanding magnetic loop, we solved the transport equation in energy phase space,
including adiabatic losses simultaneously with the stochastic acceleration process, and calculate the expected spectra of the delayed com-
ponent at the source. The confrontation of experimental spectra with theoretical ones shows that the delayed component may be cor-
rectly described by stochastic acceleration, but not the prompt component. The required acceleration efficiencies turned out to be
rather high, so that, for this particular event, adiabatic cooling is practically negligible. Our results provide a new support to the existence
of two populations of relativistic solar protons in some SEP events.
� 2007 COSPAR. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

The Sun episodically emits cosmic rays of sufficient high
energy and intensity to increase radiation levels on the
Earth’s surface. Long ago, this kind of events was called
Ground Level Enhancements (GLE) of solar cosmic rays
(SCR) (e.g., Sakurai, 1974). Since the first GLE of 28 Feb-
ruary 1942 (or GLE01 in modern classification) observed
by ground-based ionization chambers, and up to the end
of 2006, in total 70 such events have been registered. Sys-
tematic observations by neutron monitors (NM) began in
the 1950’s, and since then GLEs occur at a rate about 15
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per solar cycle (Bieber et al., 2005). The largest of them is
the famous 23 February 1956 event (GLE05).

During the GLE of 23 February 1956 radiation levels
near sea level increased by as much as 47 times in some
sites. Several additional giant GLEs were recorded in the
pre-NM era, but until 20 January 2005 no event of giant
amplitude (characterized by an increase of, say, 5 times
or more in the sea level NM count rate at some locations)
had been observed since 1956. Within a 6-min span on 20
January 2005, the count rate registered by NM at the sea
level station McMurdo (Antarctica) increased by a factor
of 30, while the rate at the high-altitude (2820 m) site of
South Pole station increased by a factor 56. So, by the data
of McMurdo NM this GLE No. 69 was the largest one
observed at sea level since 1956 (e.g., Bieber et al., 2005).
ed.
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On the other hand, some years ago the authors (e.g.,
Gallegos-Cruz and Pérez-Peraza, 1995) have succeeded to
derive an analytical expression for the time-dependent
energy spectrum in the whole energy range, assuming a
stochastic process for SEP acceleration. Up to 1995, similar
expression used to exist only in partial energy domains:
non-relativistic (analytical solution), trans-relativistic
(numerical derivation) and ultra-relativistic (analytical
solution). Our derivation was done by solving analytically
the momentum–diffusion equation by means of the Went-
zel–Kramer–Brillouin–Jeffreys (WKBJ) method.

When applied to the production of solar energetic parti-
cles (SEPs), it was done for the case of relativistic solar pro-
ton events, or GLEs, specifically those which present two
relativistic particle populations, prompt and delayed ones.
From the comparison of theoretical spectra with observa-
tional ones for both components (the delayed component
vs. stochastic acceleration and the prompt component vs.
deterministic acceleration spectra) the plausible source
and acceleration parameters for some events of the 22–23
solar cycles were derived (Miroshnichenko et al., 1996;
Miroshnichenko, 2001; Pérez-Peraza et al., 2006). In
Pérez-Peraza et al. (2006), a rate of energy loss by adiabatic
cooling has been introduced into the transport equation.
By comparing the calculated spectra with observed ones
in the GLE of 28 October 2003 it was shown that the adi-
abatic deceleration is negligible with respect to the acceler-
ation, because the adiabatic deceleration rate is �1–2
orders of magnitude lower than the acceleration rate,
which was relatively high.

In the present paper, we carry out an extended study to
the GLE of 20 January 2005 based on the concept of multi-
ple acceleration of SEPs, by the data of ground level, bal-
loon and spacecraft observations (Vashenyuk et al.,
2005a,b). Those data are described in Section 2, together
with the method of their analysis. We also present the
energy spectra of RSP derived from observations. Section
3 contains the main points of our two-source (two-compo-
nent) approach to the GLE analysis. In Section 4, we
describe the mathematical formalism of the stochastic
acceleration used in this study. In Section 5, we apply
our theoretical model to the delayed component of the
GLE69 and discuss the results within the frame of two-
source model of SCR production. Section 6 contains our
main conclusions.

2. Observations

As mentioned before the super-GLE69 of 20 January
2005 was the greatest event of the last five decades. In Vas-
henyuk et al. (2005a), the parameters of relativistic solar
protons in the GLE69 were obtained and their dynamics
studied. Data of 32 neutron monitors (NM) as well as
the balloon measurements were analyzed. The GLE was
extremely anisotropic at the initial stage of the event as
observed by the ground-based cosmic ray detectors
(Fig. 1a). Balloon measurements of solar protons were car-
ried out by Vashenyuk et al. (2005a) at a launching site in
Apatity (Murmansk Region, Kola Peninsula, Russia).

The worldwide NM network may be considered as a
united multidirectional solar proton spectrometer in the
relativistic energy domain. By modeling the ground-based
detectors responses to an anisotropic solar proton flux
and comparing them with observations, the parameters
and dynamic of primary solar protons outside the magne-
tosphere can be obtained by a least square technique (opti-
mization method) (e.g., Shea and Smart, 1982; Cramp
et al., 1997). The optimization method was applied to the
GLE of 20 January 2005 (Vashenyuk et al., 2005b) to
derive the parameters of RSP, namely, energy spectra
(Fig. 1b and c), anisotropy directions and pitch-angle
distributions.

It was found that the flux of relativistic solar protons
consists of two components, namely hereafter, Flux 1 and
Flux 2. In Fig. 1b and c, the energy spectra of multi-GeV
protons are shown, in logarithmic and semi-logarithmic
scales, respectively, as derived from ground-based NM
observations at different times (Flux 1, 1 – 07:00 UT; Flux
2, 3 – 08:00 UT). Also, it is shown the direct GOES-11 data
(crosses and open rhombi) and balloon measurements at
Apatity (black circles). The spectra 1 and 2 correspond to
Flux 1 and Flux 2 at 07:00 UT, when the strong anisotropy
and intensity maximum were observed at South Pole and
McMurdo stations. Spectrum 3 was derived for 08:00, after
the maximum intensity in a period of weak anisotropy.

The spectra of the two fluxes at 07:00 UT strongly differ.
The spectrum 1 flattens at its low-energy side and, as can be
seen, has exponential dependence on energy. The spectrum
2 has a kind of power-law form and may be extended with
the same slope into the high energy range (1000 of Mev),
moderate energies (>400 MeV), and low energies
(<100 MeV) as direct solar proton data obtained by the
GOES-11 spacecraft and ballons show. The spectrum 3
also has a power-law form and extends into the moderate
energy region.

To complete the observational picture of the GLE69, we
show in Figs. 2 and 3 the maps of asymptotic directions for
arrival of relativistic solar protons to the Earth at
07:00 UT, together with anisotropy axes, and correspond-
ing pitch-angle grids for the Flux 1 and Flux 2, as well as
the dynamics of their pitch-angle distributions. The sym-
metry axis of the Flux 1 passes through asymptotic cones
of the South Pole and McMurdo stations that registered
the maximum increases.

As one can see from Fig. 2, the Flux 1 was extremely
anisotropic. In fact, the stations with asymptotic cones
out of 30� limit (e.g., Thule, Fort Smith, Sanae, and
Barentsburg) did not respond to the Flux 1 at all. The Flux
2, with a steep and power-law spectrum had the pitch-angle
distribution wider than the Flux 1 (Fig. 3). Due to this fea-
ture, the Flux 2 caused an increase effect on the majority of
NM stations during the anisotropy phase (up to 07:30 UT).
It should be noted the large deviation (60�) of the symme-
try axis of Flux 1 from a nominal direction of the interplan-



Fig. 1. (a) Increase time profiles of ground-based neutron monitors: South Pole (1), McMurdo (2), Apatity (3), Barentsburg, (4), and EAS Array ‘‘Carpet’’
at BNO (5); (b) derived energy spectra of the multi-GeV solar particle event of January 20, 2005 at two different times (1 – 07:00 UT, Flux 1; 2 – 07:00 UT,
Flux 2; 3 – 08:00 UT, Flux 3) in the logarithmic scale, together with direct GOES-11 data (crosses and open rhombi) and balloon measurements at Apatity
(black circles); (c) is the same as (b) in semi-logarithmic scale.
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etary magnetic fields (IMF). The symmetry axis of the Flux
2 is more aligned with the IMF, and did not change nota-
bly its direction after 07:30 UT, when the Flux 1 has
disappeared.

It was emphasized long ago (Miroshnichenko et al.,
1974) that using the integral energy spectrum of accelerated
solar particles, derived by the values of maximum intensity
near the Earth orbit observed above a given energy at the
Earth’s orbit, we obtain a proxy of the source spectrum,
especially for the well-connected SEP events. Some later,
this methodical approach was called a time-of-maximum
method, or TOM method (e.g., Forman et al., 1986).
3. Two-source approach

The scenario for the events with relativistic solar pro-
tons has been extensively discussed and summarized by
the authors in previous works (e.g., Miroshnichenko
et al., 1996; Pérez-Peraza, 1998; and Miroshnichenko,
2001). Here, we will limit to remind its basic features. It
is based on two different sources of particle acceleration,
the prompt component, whose acceleration is carried out
by a deterministic process in a magnetic neutral current
sheet (MNCS) high in the corona (in a region of open field
lines), and the delayed component. With the previous syn-
thesis of the results of Vashenyuk et al. (2005a,b) it is pre-
tended to show here the presence of two different
components in this event: a prompt (Flux 1) and a delayed
one (Flux 2). In our theoretical modeling below we will
concentrate on the spectrum of the delayed component that
corresponds to Flux 2 (curves 2 in Fig. 1b and c).

Regarding the source of the delayed component, detailed
studies of the time that particles spend in the corona indi-
cates this time is energy-independent (all particles of all
energy have the same coronal storage time before being
ejected) points toward a source connected with a transient,
in a closed magnetic structure (usually associated to a mag-
netic bottle). Therein, particles are accelerated stochasti-
cally in the flare body, within an expanding closed
magnetic structure in the low corona, by the dissipation
of local turbulence to a select number of particles able to
undergo resonant interactions with the local turbulent
wave modes.

So, it is proposed that the delayed component is gener-
ated in the flare volume, or its vicinity, at a height of
�(0.07–0.20)Rs (where Rs is the solar radius) and ejected
after 630 min from the beginning of the acceleration, at
a certain height reached after this at a transient velocity
(bottle or shock front) of �400–3500 km/s. For the acceler-
ating turbulence in this stage, the less restricted turbulence
to accelerate solar particles and to fit observational con-
straints seems to be the fast MHD mode. In fact, due to
mass motions, magnetic reconnection and instabilities of
macroscopic magnetized systems in flare plasma, the pres-
ence of MHD seems highly probable (as a review see, e.g.,
Pérez-Peraza, 1998). This is the kind of turbulence used
here for the particle acceleration of the delayed component.

A simplified approach to the problem of turbulent
energy supply ignoring non-linear wave–wave interactions



Fig. 2. (a) The derived symmetry axis for the Flux 1 that caused
the impulsive giant increase at South Pole and McMurdo stations. The
asymptotic viewing cones for vertically incident particles (1–20 GV,
the title is at the 20 GV end) for the next NM stations: Th, Thule; Bar,
Barentsburg; McM, McMurdo; SP, South Pole; Sa, Sanae; Ma, Mawson;
Ou, Oulu; Ap, Apatity; Bak, Baksan; Nor, Norilsk; Ti, Tixie Bay; CS,
Cape Schmidt; In, Inuvik; FS, Fort Smith. The IMF direction is indicated
by the rounded cross and dot. (b) Dynamics of pitch-angle distribution of
the Flux 1.

Fig. 3. (a) The derived symmetry axis for the Flux 2 responsible for the
increase at the majority NM stations. Designations are the same as in
Fig. 2. (b) Dynamics of pitch-angle distribution of the Flux 2.
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and cascade effects, assuming a constant and steady injec-
tion rate of turbulence with a mean life time of about 1 s
was carried out in Gallegos-Cruz and Pérez-Peraza (1998)
and Gallegos-Cruz et al. (2002), with consideration of wave
energy dissipation and Coulomb particle energy losses. It
was found that protons can be accelerated up to energies
>1 GeV in a time t < 1 s. The steady situation of the accel-
eration process is reached after 5–60 s, which explains the
observational invariability of the spectra slope for delayed
component after some time.

Concerning the source of the prompt component, the facts
that particle ejection of the prompt component is highly
abrupt (coronal storage time � 0) and particle flux is highly
anisotropic (sharp intensity rise and rapid decay) point
toward a source associated with open field lines (rapid par-
ticle escape) high in the corona, where particles are effi-
ciently accelerated by a secular (deterministic) process
and rapidly collimated through the interplanetary magnetic
field lines. Such acceleration may occur during magnetic
merging between the expanding magnetic bottle and coro-
nal field lines of opposite polarity (e.g., coronal loops or
helmet streamers): in the course of such an expansion this
structure gets in touch with other loops, one of which
may be of opposite polarity, creating a magnetic neutral
current sheet. Local particles in the sheet diffusion region
are impulsively accelerated by the deterministic electric
fields produced in the process of magnetic reconnection.

Schematizations associated with this scenario have been
presented in Miroshnichenko et al. (1996) and Mir-
oshnichenko (1997). It should be emphasized that even if
the acceleration process of the delayed component begins
prior to the production of the prompt component, since
the latter one is abruptly generated in an impulsive process
in open field line structures, it escapes from the Sun vicinity
before the delayed component which is being produced in a
magnetic structure which is not openly connected to the
IMF lines.

The advantage of this scenario states on the fact that it
does not need the assumption of continuous acceleration
and/or prolonged trapping of particles to produce delayed
particle arrival at the Earth’s orbit. However, in order to
build a model from such a scenario some of the hypothesis
must be substantiated. For a quantitative substantiation of
the proposal for the delayed component we have proceeded
to evaluate the predicted energy spectra from this kind of
stochastic acceleration in order to compare them with
observational ones. To do that we use the analytical expres-
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sions derived in Gallegos-Cruz and Pérez-Peraza (1995)
with the aim of describing solar particle spectra through
the entire energy domain (including the trans-relativistic
range), which in the particular case of Cherenkov (Lan-
dau-damping) acceleration by the fast magnetosonic mode
is given in Eq. (3) of the next Section. To substantiate in a
quantitative form the proposal for the prompt component,
we have proceeded to evaluate the predicted energy spec-
trum assuming impulsive acceleration in a magnetic neutral
current sheet, on basis to the works of Pérez-Peraza et al.
(1977, 1978), and then to compare with observational ones.

Results of the applications to specific solar events have
been done for a number of large GLEs of the 22–23 solar
cycles, in particular, the events of 29 September, 19 and
22 October 1989, 24 May 1990, 14 July 2000, 15 April
2001, 28 October, and 2 November 2003 (e.g., Gallegos-
Cruz et al., 2002; Pérez-Peraza et al., 2006; Vashenyuk
et al., 2000, 2006). From the comparison of theoretical
spectra with observational ones of both components (the
delayed component vs. stochastic acceleration and the
prompt component vs. deterministic acceleration spectra)
the plausible source and acceleration parameters (kind of
turbulence, magnetic field strength and configurations,
plasma density and temperature) were derived.

Here, we limit our study to the delayed component of
the GLE of January 2005. This event was related to the
flare occurred in the well-connected region at the Sun.
So, in principle, effects of azimuthal propagation may be
ignored, since we are dealing with relativistic particles
(multi-GeV protons measured at ground level).

Up to now, in the derivation of the time-dependent
energy spectrum, we have assumed that acceleration effi-
ciency in the case of the GLEs is so high that, in the first
approximation, we could ignore energy losses during the
acceleration process itself. However, as mentioned above,
it should be considered that the first phase acceleration
occurs within an expanding plasma. In addition, there is
increasing evidence supporting that these kinds of events
occur in association with coronal mass ejections (CME)
and CME-driven shock waves. So, we analyse below the
possibility that adiabatic cooling during the acceleration
process in the expanding coronal plasma could have some
effect on the energy spectrum. Therefore, we extend our
previous analytical study (Pérez-Peraza et al., 2006) by
means of the WKBJ method to solve the Fokker–Planck
type equation including the term of adiabatic losses.
4. Acceleration model

The formalism of the model is placed within the frame
of the very well-known kinetic approach of a momen-
tum–diffusion equation in the phase space for the pitch
angle-averaged particle density f(r,p, t), where r, p, and t

describe position, momentum, and time, respectively.
Assuming spatial homogeneity and a specific turbulence
of homogeneous and time-independent type, the transport
equation reduces to the following one (e.g., Schlickeiser,
1989):

of ðp; tÞ
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p2

o

op
p2DðpÞ of ðp; tÞ

op

� �
ð1Þ

By writing the number of the particles N with a velocity v

per energy interval at time t in the form of N(E, t) =
4p2f(p, t)/v, where E is the particle kinetic energy, the previ-
ous equation can be expressed as a generalized Fokker–
Planck type equation. So, by adding the source and escape
terms, it can be rewritten as (e.g., Ginzburg and Syrovat-
skii, 1964; Melrose, 1980):
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Here, D(E) = ÆdE2/dtæ = 2v2D(p) is the diffusive energy
change rate and D(p) is the diffusion coefficient in phase
space that characterizes the interaction dynamics between
particles and the specific type of turbulence. An important
factor A(E) = ÆdE/dtæ contains all systematic effects of sto-
chastic acceleration and deceleration processes. Also, the
source term Q(E, t) and sink term N(E, t)/s are added.

Assuming a characteristic escape time s(E, t) = constant
(or escape rate s�1 = constant), Gallegos-Cruz and Pérez-
Peraza (1995) derived analytical solutions of this equation
(stationary and time-dependent ones) on basis to the
WKBJ method. These analytical solutions embrace all
energy ranges, unifying previous efforts in partial ranges,
the non-relativistic, trans-relativistic and ultra-relativistic.
Assuming an injection spectrum Q(E, t) = q(E)H(t) where
H(t) is the step function, the general solution is given as:
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ð4pÞ1=2
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�
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In this derivation, the authors have assumed the systematic
acceleration process of Fermi type ÆdE/dtæ = abe, with the
acceleration efficiency a (s�1), and diffusive rates of ÆdE2/
dtæ = ab2e, where b = v/c is the particle velocity in terms
of the light speed and e = E + mc2 is the total energy of
particles, m is a particle rest mass.

The first term of the right side of Eq. (3) (in the paren-
thesis) represents the contribution to N(E, t) of an instanta-
neous injection at time t = 0, whereas the second term
describes the contribution arising from a continuous injec-
tion in energy. The factors R1(E0,E 0), R2(E0,E 0), and
R3(E0,E 0) are integral functions, which depend explicitly
on the systematic energy gain (and energy loss) rate ÆdE/
dtæ and on the diffusive rate ÆdE2/dtæ that characterize both
the process of stochastic acceleration. Such a solution is
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exhaustively discussed in terms of Eqs. (15, 26, 41) in Gall-
egos-Cruz and Pérez-Peraza (1995). For present calcula-
tions we will use hereafter Eq. (3) for the particular case
of MHD turbulence, with mono-energetic injection, and
D(p) � p2/b with s = constant, corresponding to Eq. (41)
of the previous reference.

Recently, Eq. (2) has been solved analytically, using also
the WKBJ method, under consideration of an additional
term that describes the adiabatic cooling in the systematic
energy change rate A(E) (Pérez-Peraza et al., 2006). It
was assumed an adiabatic deceleration rate ÆdE/
dtæ = �qb2e, where q = (2/3)(Vr/R) s�1 is the adiabatic
cooling efficiency, Vr is the velocity expansion and R(t) is
the linear extension of the expanding magnetic loop. The
obtained analytical formulae can be described as follows.
Assuming a mono-energetic continuous injection,
E 0 ! Einj = E0, Eq. (3) becomes q(E 0) = q0d(E 0 � Einj)

NðE; tÞ ¼ kq0

2
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aðE; sÞ ¼ s�1 þ 0:5½F ðb0Þ þ F ðbÞ�;

b0 is the value of b at the injection energy E0, e is the total
energy and erf is the error function. In principle, both
terms in Eq. (3) contributes to the total spectrum at solar
level, however, in practice, the contribution from the initial
injection N0 6¼ 0 is negligible. For q = 0, Eq. (4) reduces to
Eq. (41) in Gallegos-Cruz and Pérez-Peraza (1995). Spec-
trum in Eq. (4) tends to a power-law form in the high-en-
ergy range as the time elapses toward the steady state
situation (t!1).
Fig. 4. Adjustment of the experimental energy spectrum of the delayed
component of the 20 January 2005 event (open circles) with the theoretical
source spectra, considering and ignoring adiabatic losses (slashed and
pointed lines, respectively). The obtained parameters are: a = 0.05 s�1,
q = 0.012 s�1, s = 1 s, t = 1 s, and E0 = 1 MeV. Data of ground-based
NM at 07:00 UT (with error bars) and GOES-11 observations between
07:00 and 08:00 UT has been fitted by means of least squares.
5. Results and discussion

Our calculations for the super-event of 20 January 2005
are based on both Eqs. (3) and (4). The first equation corre-
sponds to the case of pure acceleration, with no adiabatic
energy losses (q = 0), whereas the second one corresponds
to a finite value of q. In fact, q(t) and a(t) are both time func-
tions, however, in this particular case, q has been predeter-
mined by assuming a velocity expansion Vr of 3675 km/s
(Gopalswamy et al., 2005) and by introducing three linear
extensions of the expanding acceleration volume at three dif-
ferent times, R1 = 10�2Rs, R2 = 5 · 10�2Rs, and R3 =
10�1Rs, so that q1 > q2 > q3. But because q2 and q3 are quite
small compared with typical values of a(t), we approximated
this parameter to its highest value, that is q1 � q = constant.
Hence, the only real free parameter is a(t).

The best fitting of the experimental data by the spectra
given in Eqs. (3) and (4) produces the following accelera-
tion set of parameters for the source spectrum: acceleration
efficiency a = 0.05 s�1, the mean confinement time
s = 1.0 s, the elapsed acceleration time t = 1.0 s, the rate
of adiabatic cooling q = 0.012 s�1, and the injection energy
E0 = 1.0 MeV. Fig. 4 represents this best fitting to the
observations for the spectrum of the delayed component
of 20 January 2005. In the fitting procedure, the observa-
tional data of NM and GOES-11 were used.

The obtained results can be summarized as follows: (1)
rather high acceleration efficiency (a P 0.05 s�1) is needed
in order to obtain a good fitting of the data; (2) for such
efficiency value, the term of adiabatic deceleration has
practically no contribution. That avoids us to infer from
our results whether there was or not a plasma-expanding
phenomenon, such as a CME-driven shock wave, simulta-
neously with the stochastic acceleration stage (3). Never-
theless, the source and acceleration parameters, found for
this event from the fitting of theoretical and observational
spectra, are within the conventional accepted values.

It must be emphasized that we could not predict in
advance that adiabatic cooling would have not any notice-
able effect, because we do ignore the values of our free
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parameter a. It is just at the moment of doing the best fits
that we found that the required a-values are practically the
same in both cases, even though the spectra are slightly
distinguishable.

If the derived values of the acceleration efficiency a were
of the order of �0.01–0.001 s�1, as we have found for the
GLEs of 14 July 2000 and 15 April 2001 (Vashenyuk
et al., 2000), the effect of adiabatic cooling would not be
negligible. On the opposite side, in the event of 28 October
2003 the experimental spectrum is very flat (Pérez-Peraza
et al., 2006), so that the stochastic acceleration requires
of very high acceleration efficiency, perhaps unreal, to
reproduce the observational spectrum. It cannot be
excluded that the predominant turbulence involved in the
acceleration of particles in that event may differ from the
predominant one in most of events. It should be noted that
in the case of GLE69 the expansion speed of 3675 km/s was
higher than in many other events.

In fact, on basis to other observational arguments the
Alfvén MHD mode is still a very popular one among solar
physicists, because it has a longer mean life time than the
other two MHD modes, since they are more resistant to
the several dissipation processes that affect them in the tur-
bulent regions of solar flares. However, it should be kept in
mind that in the coronal plasma, particle acceleration from
resonant interaction with Alfvén waves is only efficient for
particles with initial velocities much higher than the local
hydromagnetic velocity, and it is required a continuous
source of turbulence at a rate P103 erg/cm3. Such a source
has not yet been identified.

6. Conclusions

Here, we have limited our study to the analysis of the
delayed component of the GLE of 20 January 2005. We
have shown that the adiabatic deceleration is negligible
with respect to the acceleration, because the acceleration
efficiency for this event turned out to be rather high, while
the adiabatic deceleration rate is about 5 times lower than
the acceleration rate.

In our modeling of particle evolution in an expanding
source a very high speed of expansion (3675 km/s) is
assumed. This value was estimated by Gopalswamy et al.
(2005) based on the SOHO LASCO data by applying a
cone model to the CME. We recognize that existing esti-
mates of the V value are rather controversial, being
between 2500 and 3675 km s�1 (see, for example, the
papers by Gopalswamy et al., 2005; Mewaldt et al., 2005;
Tylka, 2006). In fact, a major component of this speed
may be actually the outward propagation speed of the
CME, which adds to the expansion speed. So, the assumed
expansion speed, which is crucial for adiabatic accelera-
tion, is likely overestimated in the model. The authors con-
clude that adiabatic expansion is negligible, so that a lower
value of the expansion speed still strengthens this conclu-
sion. However, if the derived acceleration efficiency were
not so high the picture will obviously would change.
Interesting is that the source parameters for fitting the
theoretical to the observational spectra turn to be within
the order of the low corona values. Similarly, the accelera-
tion parameters range within the order of values inferred
by other authors on basis of the secondary radiation of
flare emissions. These results seem to support that stochas-
tic acceleration by the fast MHD mode is involved in the
generation of the delayed component. Results for
the prompt component will be preliminarily presented at
the 30 ICRC (Merida, Yucatan, Mexico, 3–11 July 2007).
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