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ON THE EFFECTS OF SOLAR COSMIC RAY
ACCELERATION AT INTERPLANETARY
SHOCK WAVES')

OB 3®®EKTAX YCKOPEHMSA COTHEYHLIX KOCMMYECKHX JIYYEN
HA YIAPHBIX BOTHAX B MEXIITAHETHOM MPOCTPAHCTBE

M.N.NAZAROVA?), N. K. PEREYASLOVA?), I. E. PETRENKO?), Moscow

Recently, theoretical and experimental investigations have been carried out on particle acceleration
processes in interplanetary space. It is proposed that when a shock front is present in interplanetary
space, particle acceleration can be caused by: first order Fermi mechanism [1, 5, m_ particle drift in the
regular electric field of a shock wave [2, 7], a turbulized plasma layer ahead and cmv:.a of a shock front
or confined between two shock fronts [3, 8].

Experimental evidence of the acceleration of solar cosmic ray particles in interplanetary space has
been obtained in a number of investigations [2, 5, 9, 10]. The increase of electron and proton intensities
was related to the passage of shock waves mainly identified by sudden commencements of geomagnetic
storms. The events are characterized by short duration (not over 10 hours), a soft spectrum (y = 5—7),
and considerable anisotropy. In some cases a flux maximum was recorded simultaneously with the
sudden commencement of a magnetic storm (SC), while in other cases it was behind or ahead of the
passage of a shock front.

Papers [11, 12] deal with fairly rare events associated with particle acceleration in a system of
converging shock waves (events on 17 July 1959, 12 November 1960, 4 August 1972). The peculiarities
of témporal and spectral characteristics of proton events were accounted for by a subsequent
acceleration of solar cosmic ray protons up to relativistic energies in interplanetary space due to
a regular Fermi-acceleration of particles between two converging shock fronts.

In this report solar cosmic ray increases observed in 1969—1980 are considered, with their intensity
temporal variation characterized by two maxima. The second short-time increase of particle fluxes
(4—9 hours) is recorded at the decrease of fluxes from a flare observed in H.,. In this case the second
maximum can be related to a shock wave passage in interplanetary space n:rnn than to chromospheric
flares on the Sun. '

According to Explorer [13] and Znaon data, eight increases of this type were observed from 1969 to
1980 (on 29 September 1969, 24 July 1970, 6 November 1970, 17 June 1972, 5 August 1972,
9 September 1973, 3 May 1976, and 2 June 1978). The intensity of E, >5—10 MeV proton fluxes in
the events associated with shock waves is 2-—335 times :.o initial level and is Eanva:ana of solar cosmic
ray flux values prior to the increase.
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Figures 1, 2 show the time profiles and y the spectral index variation (with power-type presentation
of the spectrum [ =I,E™") in the events on 29 September 1969, 24 July 1970, and 2 June 1978. The
variation of the K,-index, solar wind velocity V., in km s, intensity of interplanetary magnetic field
(IMF) B, as well as the sign of the IMF sector are also shown in the figures. Black triangles indicate
commencements of magnetic storms with SC. The characteristics of the eight events which resulted from
accelerating processes in interplanetary space are given in the table in more detail. The following data .

Proton flux |
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Fig. 1. The temporal profile of protons with E, >
10 MeV, solar wind velocity, K,-index variation,
and the sign of the interplanetary magnetic field
sector for the event of September 28—29, 1969.
A vertical line indicates the chromospheric flare
in H,, which generated solar cosmic ray protons,
triangles — commencements of magnetic storms
27 28 2991969 with SC.

are given: date and time of the maximum flux registration, event duration, energy of recorded protons,
maximum proton flux, spectrum index in the maximum, asymmetry A, %, determined from Meteor
data on fluxes in the northern and the southern polar zones (A = (In — Is)/(In + Is) X 100 %). The table
also presents the data on flares resppnsible for the general solar cosmic ray increase, the time of
recording magnetic storms with SC [13}, solar wind velocity, and the values of the IMF-B intensity
vector prior to and after the passage of shock front [14].

As seen from the figures and table, the observed proton fluxes are primarily recorded in the range of
5—30 MeV ; spectra in the events are soft: y in the maximum varies from 3 to 9, except for the event on
5 august 1972, when y was 1.4 and a significant flux of E, >60 MeV protons was observed; increase
duration was 4—9 hours. In the events on 29 September 1969, 25 July 1970, and 2 June 1978 the time
of the maximum coincides with the passage of a shock front; in the event on 17 June 1972 fluxes began
to increase simultaneously with SC; on 5 August 1972 and 9 September 1973 particle acceleration
occurred between shock waves, the velocity of the second wave exceeding that of the first one ; on 3 May
1976 fluxes were localized beyond the shock front. According to Meteor measurements, the stage of the
flux increase on 24 July 1970 and 2 June 1978 was characterized by a considerable asymmetry of
E, >5 MeV proton fluxes, which could point to the formation of an anisotropic particle flux ahead of
a shock wave. During the passage of shock fronts appreciable changes in solar wind velocity and in the
IMF B vector value were noted (see the table). For example, in the event on 25 July 1970 solar wind
velocity increased by 90 %. ]

In the events on 29 September, 1969, 25 July, 1970, and 2 June, 1978 solar cosmic ray protons from
flares responsible for the general increase are accumulated between shock fronts. And if the rear front
of accumulation zone is of minor transparency and overtakes the fore-front, conditions arise for
acceleration and the formation of a maximum exactly corresponding to the shock front {15]. The event
on 5 August 1972 is anomalous. As is seen from the Table, the IMF intensity at the forefront dropped
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from 41 to 18.1 gamma, the field reversed, then increased from 20 to 40 nT. The authors of [16] assume
the increase to results from spatial motion of an area of ~3 X 10° km with a decreased magnetic field
and boundaries formed by tangential breakdowns. The dynamics of the B vector change in the event on
17 June, 1972 can also account for the increase by proton acceleration at the shock front with
a subsequent localization in the area of the decreased magnetic field. The B value at the front of the flux
increase varied ?oi 10 to 24 gammas, then dropped to 15 gammas (in the flux maximum), and again
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Fig. 2. Variation of the flux of solar cosmic ray protons, spectral index y, solar wind velocity, intensity
and the sector sign of the interplanetary magnetic field, and the K, -index for the events of July 24—25,
1970 and June 1—2, 1978. (Designations are the same as in Fig. 1.)

increased to 25 gammas by the end of the event. The situation of 6 September, 1970 was similar to that:
the B value at the forefront varied from 8.4 to 6.1 with a subsequent increase to 9 gammas by the end of
flux record.

Thus, our data, as well as those obtained by other investigators, show that the events associated with
accelerative processes in interplanetary space have the following morphological characteristics in
common : short duration, limited energy range, soft spectrum, proton flux asymmetry. It is essential for
their initiation that particles from flares responsible for the general increase of solar cosmic ray fluxes

should be present in interplanetary space, provided that two shock fronts of different velocities pass
through turbulized plasma.
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