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We analyze nnutron monttor data of solar cosmic rays in order to ob-
tain information about their sources, We nse three methods for these
data analysis. As result, we obtain a set of evidences for Lwo separate
solar cosmic rays sources that we call as prompt and delayed compo-
nents. We attempt here Lo substantiate a two sources scenario for the
generation of both components, For the prompt component source, we
snggest regnlar acceleration in 4 neuntral current sheet. For the delayed
one, we propose acceteration by magnelosonic wave turbulence.

INTRODUCTION

H
The first mention of the possible existence of two separate components {or
relativistic solar cosinic rays was raised in (1). Independently, Ramaly ef al. in
(2), investigating Lhe relevant amount of all solar cosmic rays generated by the
June 3, 1932 flare, also approached towards a two components scenario. .The
first, population is accelerated during the flare flash phase and the particles
are trapped, low in the solar atimosphere, into, closed magnetic structures.’
The second component 1s generated high in the solar corona, at a second
acceleration phase, by a coronal shock wave belonging to the sanle flare.
Certain evidences of two relativisiic protons ejections were found (3) for
the Septernber 29, 1989 ground level event (GLE). Some peculiarities of this
GLI may be explained by a iwo separate acceleration sources model (4).
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OBSERVATIONAL DATA OF RELATIVISTIC SOLAR COSMIC
RRAYS

The study of solar cosmic rays at relativistic energies (E > 500 McV for
prolons} provides an opportunity (o oblain new information about accelera-
lion processes in solar particle sources. [n particular, it is usefull to clarify
some features of the solar acelerators and eslimate a number ol important pa-
rameters of solar cosmic ray sources (upper energy limits of the acceleration
rmechanisms, the particle ejection time from the corona, cte.):

For the 54 GLEs registered since 1942, fourteen of them were recorded in
the current, 22nd solar cycle. Some-of these GLEs display a set of peculiarities
which seemn Lo need interpretation under a new conceptual base,

The relativistic solar cosmic rays are detected at ground level by several
neutron monitor stations atound the world, We use three methods for the
analysis and comparison:

1. Semiquantitative physical characteristics comparison of relativistic solar
particles obtained by different neutron monitor during the same event.

2. VT, technique, where v is the particle velocity and T,,, is the maximum
intensity time at 1 AU,

3. T1/» is the intensity-time profile half width.

Physical Charactéristics of Relativistic Solar Particles

[t is well known that the shape of the intensity-time profiles contains impor-
tant information about the solar cosmic rays ejection time and their transport
through the corona and the interplanetary space.

In sevéral cvents, some neutron monitor stations, magnetically well con-
nected with the source, are able to detect bolh, sharp and scattered peaks,
In Fig. 1 we can observe that Apatity and Qulu nentron monitor stations
located at the north hemisphére did not detect two peaks for the Octobar 22,
1989 event, while the South Pole station did it. The reason is that South Pole
station is located in the south hemisphere well connected with the fare site
27S32W.

The sharp peak particles show an anisotropic behaviour, while the smooth
peak particles are fully isotropic distributed. This suggest us different sources
for both components,

Fig.2. shows, for a given neutron mounitor station, the dependence of the
solar cosmiic ray flux on the angular distance from the anisotropy axis (¢ = 0°)
(boxes A and B in the upper left diagram) during the November 18, 1068
GLE; at the right there are the time profiles corresponding to the anisotropic
component; of box A and the scattered component in box B (5). Thé situation
shown at Fig. 2. is typical for many GLEs, and in all thesé cases, one cannot
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FIG. 1. Intensity-time profiles of the October 22, 1989 GLE obtained by the neu-
tron monitors at three different stations: 1-Apatity, 2-Oulun and 3-South Pole.
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FIG. 2. Isotropic (A) and anisotropic {B) components of solar cosmic rays in

the November 18, 1968 GRL. The angle 8 = 0° corresponds to the average IMI
direction [Duggal et al., 1971]. &
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FIG. 3. vT,-analysis for two GLEs observed in the 22nd solar cycle: October 22,
1989 and May 24, 1990.

always find any suitable shock or any other tdeal reflecting boundary behind
the Earth’s orbit able to produce the scattered component, as il was ofien
assumed (6). So, the scattered component is isotropically ejected [rom the
corona and cannot be altributed to an isotropization during the transport in
the interplanetary space.

The rigidity spectra of those two populations show differenl slopes in a
single event (7). The particles of the sharp peaks show flatter spectra than
those of the scattered peaks.(19)

T Technique

This method was developed by Reinhard and Wibberenz, (8) and followed
by Van Holleheke,el al., (9) and Ma Sung el al., (10), on basis to the following
relations:

VT = Ay -+ Bnt. (1)
VT = Am + B (2)
T, : 18 the onset time;
T @ 1s the maximum intensity time;
A, @ is the path of onset particles through 1M
Am @ is the path of the main bulk particles through [MI
By : is the time spent by onset particles in the corona;
B, is the time spent by the main bulk iu the corona;
I'ig. 3 demonstrate the results of v7},,-analysis for two GLEs observed in the:

22nd solar cycle, namely, Octaober 22, 1989 and May 24, 1990, respectively. It
is seen, in particular, that the October 22, 1389 event had both cornponents,
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FIG. 4. Distribution of solar proton events number versus B,, parameter.

the prompt component being registered by NMs (above 500 MeV) as well as
by proton detector on board the GOIS satellite (above 200 MeV), meanwhile
the delayed was registered in the entire range of SCR, energies. The same is
follows for the May 24, 1990 event, the delayed component being present also
i relativistic electron population.

Conclusions of this analysis were that, if we take 11 min as the time spent by
the first particles in the interplanetary space (11), we can obtain the spent time
in the corona, B,,, from equation (1). As shown in Fig. 4 this parameter takes
two different values for Lhe time spent by energetic particles in the solar aorona
by the two different solar flare particles populations. The particlé population
of the sharp peak gives values for the B, parameter between 0 — 15 min
and the particle population of the scaltered peak gives B, dbout 30" min
in coincidence with the 29 min satellite data lor the 40 MeV energy range
(12). We also obtain two componets from the total path through the IMF of
the main bulk particles (v7,,) analysis using equation (2). The particles of
the sharp peak, have shotter paths (T}, ~ 2 — 3 AU) than the particles of:
Lhe scattered peak (with vT, ~ 7 AU). This difference was also detected for
protaus by the GOES satellite in the October 22, 1989 GLE (13}

The Intensity-Timé Profile Width

‘I'o derive essentially new information from GLE data it was suggested by
Vashenyuk ct al. (14) to use a specific parameter.Tyys. This parameter seems
lo be a measure of the time spent by the main bulk particles in the corona.
The Ty versus heliolongitude plot of the related flares for 42 GLEs points
oul that the dots concentrate in lwo zones, corresponding to Lwo different
heliolongitude distributtions. The sharp component events liave Tiya < Lhr

and were produced ai heliolongitudes between 20-130 W in the box region of
TA4
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of GLEs.

Tig. 5. The scatiered component events lie on a V-shape band with minirmum
at 50W, near the well connected line of IMF to the Earth and have similar
behaviour to the same distribution for solar protons in the energy range 20-
80 MeV (9). All of them, have Ty > 1 h and they were produced at
leliolongitudes between 90 E - 150 W,

INTERPRETATION

Observational results considered above provide evidences of two compo-
nents in relativistic solar protons events, that are apparently independent.
According with previous investigations, we can stale with more confidence
that we deal with two components: a prompt component, which produces the
sharp and anisotropic peak; and a delayed one, which produces the scattered
and isotropic peak. However there are some stations that can only detect one
of the components. The anisotropy characterizes the sources for both compo-
mnents. So, the prompt component must have an anisotropic source located in
a region with open field lines (probably lLigh in the corona), while the delayed
component is associated with the magnetic bottle destroyed through plasma
instabilities and reconnection of the disordered magnetic Reld lines.

The acceleration of the delayed component is carried out by the dissipa-
tion of local turbulence to a sclect number of particles able to undergo res-
onant interaction with the turbulence wave modes. When expanding, the
flare-generated magnetic bottle gets in touch with the neighbouring magnetic
arcade at heights ~ 0.5 — 1 Ry where a neuteal current sheet may be formed
due to magnetic reconnection between lines of opposite polarity (Fig. 6). Lo-
cal particles in the non-adiabatic region of the neutral current sheet may he
accelerated by the intense impulsive électric fields produced by the magnetic



merging process. Acenrding to Pérez-Peraza el al. (15) the energy speclrum
ol the accelerated particles in a nentral current sheel topology is:

o a2 e N4 B KA .
N{E)Y=14T7+10" T 8 . 3
(e} = LeT=10 (Bu) (Eh) i (&*) )

wlere By, = 8231073 B? (nL)E/3 MeV, n - plasma density and L - neutral
current sheet length. Tn (16) Pérez-Peraza et al. demostraled that the source
spectrum of the prompt component of three events, 23.2.1956, 7.12.1982 and
16.2.1984 may be adequately fitted by the relation (3) to the observational
spectra provided the source parameters for the three events: B = 30, 20
and 20 G, n = 2-107, 2-10% and 5-10% em~3, L = 10!% 2.10° and
2. 1019 ¢m, respectively. These values cormspoml to generation altitudes
> 0.6Ry in the corona, and the accelerating electric field is in the range
E = (U/e)B ~ 1072 = 107 V - em™1, where U = v4/18, and v4 is the
Alfvén velocity. The accelerated particles leaving the source undergo focusing
in the diverging magnetic field of the corona and the IMF producing a major
collimated component, though some fraction undergoes simultaneous azimutal
drift (~ 0.7 v1), which could be associated to the delayed arrival of particles
generated in well connected events (~ 60° W) as reported in (11).
According to the proposed scenario, the bulk of particles are generated in
the flare volume or its vicinity (at coronal altitudes about 0.07—0.14 Rg) and
are ejected at Lhe opening of a surrounding closed magnetic structure (”the
magnetic bottle”). The acceleration of this component is carried out by the
dissipation of local turbulence to a select number of particles able to undergo
resonant interaction with the turbulence wave modes. In order to fulfill the
resonant reqilirements (1! particles must have a relatively high initial enetgy,
which is also necessary in order to overcome the Coulomb barrier during their
"Hight time” in the closed magnetic region. This entails the reqmroment of
an injection mechanism to supply such kind of particles into the resonant
stochastic process. Following (18) we assume monoenergetic injection, where
all particles that are susceptible of paticipating to the acceleration resonant
process with magnetosonic turbulence have an initial energy “around on In-
this case, according to (18), the source energy spectrum for a steady stalg_,-

sitnation is:
a7 1 3?' 1
,1’ 1 : 3 ‘ﬂ- 2
(e)" (5) (2) e |- () Jf}

NE) =2 (£2)
(4)

2
where gq (m olon/MeV) is the injected flux, n(s” Y is the acceleration effi-
ciency, Eqg is the injection energy, Ey = kinetic energy, a; = (a/3)(F + 3/ar)
T is the mean confinement time of particles in the acceleration region, 5 is
the particle velocity in terms of the light velocity, B is the velocity cor-

I-"I"‘
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FIG. 6. Squematical drawing of the plysical scendrio propesed where the flard
generated magnetic bottle expands and gets in touch with the extended coronal
structure (large magnelic loop) and a neutral current sheet is fornied.

responding to Ey, £ = 0.5 [ﬁ'l + 38 — 283 -+ ,da" + 33y — '2'53], and J; =
tan—! g4/2 _ tan—1 ﬁéfﬁ + 0.51n [(1 + B[ — 'éf?')/(l s ‘311’2)(1 _]_‘85/2)} :

Calculated spectra with the equation (4) for the DC and observational
spectra for the 29.9.89 and 22.10.89 events are shown on figs. 7.a) and 7.b),
respectively. The best fits assuming monoenergetic injection at Eq=1MeV
and 7 =~ 1 5 are obtained in the range o = (0.03 — 0.037) s~! for the first
event and o = (0.034 —0.065) s~ for the second one. 1t should be noted that
the fit was carried out without taking into atcount a possible interplanetary
modulation of the observational spectra.:

CONCLUSIONS

On basis to the observational data summarized in the beginning of this
papet, we discuss here a qualistive scenario for a particular kind of solar
events in which two relalivistic components seem to proceed from two differ-
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FIG. 7. Rigidity proton spectra of the delayed component of September 29, and
October 22, 1989 events.

'
ent sources. One of them produces relativistic particles during the inpulsive
Hare phase, deeply inside the corona, that we have designated as-the delayed
romponent; and another one operates later in the upper corona, where the
conditions ol particle escape are relatively easy, allowing particles to drift az-
imuthally through the corona and namely the prompt component because the
first particle arriving to the Earth enviroment correspond to this population.
Hence, during the development of the event both sources cane contribute to a
superposition of the observed fluxes. ) g :

The advantage of this scenario states on the fact that it does not need the
assumption of continnous acceleration and/or prolonged trapping of particles
to produce delayed particle arrival at the Larth’s orbit. Llowever, in order to
build a model {rom such a scenario some of the hypothesis must be substanti-
ated. In (16) 1l was shown thal the <-.ne¢gy spectra of the prompt component
may be satisfactory reproduced assuming impulsive acceleration in a neutral
current sheet. Ifere we have shown that the delayed component specira may
be satisfactory reproduced assuming stochastic acceleration by MHD turbu-
lence. 'The source parameters for fitting the theoretical to the observational
spectra furn to be within the order of the high and low coronal values, respec-
Lively. Similarly, the acceleration paramelters range within the order of values
iferred in other works on basis of the secondary radiation of {lare emissions.
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