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Abstract

A ncew model of the source is suggested to describe solar proton
events (SPis) with two observed components of relativistic pro-
tons: the anisotropic prompt component (PC) and the isotronic
global component (GC). The source of the prompt componcnt lies
high in the corona in the field reconnection zone of the mag-
netic bottle and the neighbouring magnetic arcade. The global
component is assumed to originate at the magnetic bottle. The
PC particles are accelerated by impulsive electric fields pro-
duced at current sheet disrupture in the reconnection zone.

The PC emission spectra reconstructed for the events of 23.02.
1956, T7.12.1982, and 16.02.19684 reveal a satisfactory agree-
ment with the model calculations. The model also allowis a con-
sistent description of the source location, the intengity tiune
profile, the spectrum and anisotropy of SCR in the extraordina-
ry event of 16.02.1984.

Introduction High accuracy of tlie neutron supermonitors cf
SMi-64 type recording the ground-level enhancerment (GLZ} of so-
lar cosmic rays (SCR) allows the evolution of a solar pirotion
event in the range of partiicle rigidities R21 GV to Le tracced
to within 1 min, and scme irteresting features to be revecaled
in SCR distribution at the Iarth orbit and near the Jun. For
example, the data obtained recently for sone particular events
provide evidence [1-3 for a nossitle existence c¢f two nroton
components - an anisotropic nrompt comnonent(I'C) and an isotro-
pic slow component (SC). According to our cstiveles, the GLS
events of 23.02.1956, 4.05.1260, 20.07.1961, 13.11.1968, 7.05.
1978, T7.12.1982, 16.02.19C4, aind probably of 15.11.1949 can te
clagsified as events with a prompt comnonent (class I), though
in the latter casc the data are insufficient. The cvents of
this class are characterized by short duration, hard spectrurn,
and strony anisotropy, especially, before and ncar t_maxious,
The events of class II usually have a "diffusive” inPensity
time profile I(t) and are distinguished by their weak post-na-
ximum anigotropy (a typical example is the GLL of 12.10.1981).
In some cases %e.g. 23,02.1956 and 7.12.1982) both componcnts
could be isolated (Pig. 1}, whereas in others, lilke 16.02.1934,
only the prompt component was apparently recorded. All events
of class I are assoclated with solar flares observed near the
W limb. Of specimal interest is the GLZ of 16.02.1984 for which
no source (flare) in the visible disk waas identified (emission
in H-alpha and soft X-rays was absent) and the expected helio-
longitude ranged from £ 95°W to ~ 130°\Y according to different
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We believe [2,3] that the source of the slow_component may pro-
bably be the magnetic bottle when opening J4] , and the prompt
component is apparently generated in the magnetic reconnection
region under stimulating influence of the coronal shock wave or
the expanding magnetic bottle. Below, we make an attempt to si-
mulate the properties of the PC source (magnetic topology, plas-
ma and magnetic field parameters, acceleration mechanisg§ on
the basis of the observed SCR data (spectrum, anisotropy, emis-
sion time) and the calculated generation spectrum at magnetic
reconnection in two magnetic arcades or bottles high in the co-
rona [5,6] (Fipe. 2).

Source model and SCR rreneration spectrum Let us assume that

the flarc proper Heve&ops at the coronal heights h:=0.07-0.14rb
(where rp is the solar radius) following the scenario deserib’
ed in [4] . ¥hen expanding, the flare-generated magnetic bottle |
gets in touch with the neighbouring magnetic arcade at the
height h & 0.5~1.0 r¢ (Fig. 2). As inferred from the coronal
transient data [7], the plasma density at the top of the magnet-
ic bottle 8an Le segeral times as large as in the ambient coro-
na (n ~ 10%-107 cw™” for h = 0.5-1.0 re ) and the magnetic
field B ranges from units to tens of G. In further calcula-
tiona, the parameters n and D are taken in this range and the
length of the current sheet,L, in Fig. 2 iz set equal to ~0.,1xr¢
21010cn, As shovm in [8-10], an additional flux of accelerated
particles may appear in such configuration (Fig. 1) with a ma-
ximum preceding that of the flare-generated flux. The genera-
tion spectrum of the additional flux must have the form:

Nol&) = W, (/6] enp[- 112 (8 /)] 1

where the spectrum parameters £ and W, are connected with the
source parameters by the following relations

Ex = 8.236210"H(B%1n)2/3 Liev (2)
lig = 1.47-107(nL2/B»£;J oroton/lleV (3)

The PC generation spectra have been calculated from (1)-(3) for
three GLE: 23,02,1956, 07.12.1982, and 16.02.1989. Begides, the
behaviour of the prompt component at the Earth orbit has bLeen
analyzecd to estimate its spectrum for the three above-mentioned
events at the moment of emission [11]. The obtained spectra
have been compared with each other and with the integral SCR
flux emission spectrum. The resulis are showy in Figs., 3-5 for
the events of 23.02.1956 (B =_30 G, n = 210 c?f3, L = 1010cm)
7412.1982 (B = 20 G, n = 22105 cm=3, L = 0,2.1019 ¢m), and
16,02,1984 (B = 20 G, n = 5:106 cm=3, L = 0.2.1070 ¢n), respec-
tively.,

Discussion of results As seen from Figs. 3-5, the PC genera-
tion spectrum lies below that of the global flux and merges
with that at R = 3-4 GV. This may infer that at high energies

6



Sl 1.7 T
SCR flux is determined by the prompt component alone. The cgl—
culated PC spectra are in a good agreement with the source
gpectra obtained from observations in the range of £ = 0.3 -
- 5 GeV, This corroborates the suggested PC generation mecha-
nism. At the same time, the calculated PC generation spectra
in the low~energy band lie below the observed spectra. This dis-
crepancy may be due to the neglected contribution of soft par-
ticles generated at the flare impulsive phase and escaping from
the closed magnetic configuration (Fig. 2d). In the range of
very high energiles (£,.25 GeV), the observed PC flux tends to
exceed the calculated value, which may be due to contribution
of the particles trapped in the magnetic bottle.

From the estimates given in [11] and from the results reported
by other asuthors one can draw the following important conclu-
slon concerning the source location and the mechanisms of SCR
generation and emission in the event of 16.,02.1984: the PC sour-
ce wag located in the vicinity of a favourable Sun-Earth con-
nection heliolongitude 0:~82° and the acceleration and emis-
sion of particles occurred in the magnetic configuration illu-
strated in PFig. 2. This hypothesis consistently accounts for

the time parameters and the hard spectrum of PC and a strong
anisotropy of the observed SCR flux. It may also be appliecd to
other GLE events.

Conclusions Analysis of the observed and the expected PC proper-
Ties infers the following conclusions:

1. Generation of PC particles occurs at the heights of 0.5-1.0 1,
in the reconnection zone of the magnetic bottle and the neigh-
bouring magnetic arcade.

2. The suggested mechanism of acceleration in the current sheef
electric fields accounts for the properties of the PC particle
gpectrum in the energy range of 0.3-5 GeV. Descrintion of the
integral SCR spectrum requires combined acceleration models.

3. The remoteness of the gite of FC generation and emission
from the flare may be due to the fact that the current sheet
in which PC particles are accclerated develops at the periphe-
ry of the magnetic bottle (at a distance up to 50° in longitu-
de from the gite of the flare).
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£f158.3-.000 spectra fur three 3i%iz: 1-calculated genera-
tion PC specirui; 2-reconstructed emission spectrum for
total SCR flux; 3-PC emission spectrum; 4-source SCR spect
rum obtained by gamma-ray data. o
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