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1. INTRODUCTION The Space Environ-
ment Monitors (SEM) on board the
Japanese geostationary meteorological
satellites (GMS-1 and GMS-2) observed
energetic protons, alpha particles and
electrons continuously for February

1078 to September 1084. The satellites
were at 6.6 earth radil above 140°E
equator. Observational items are shown
in Table 1 (1].

In the propagation studies of
solar energetic particles, statistical
analyses for many events revealed on
averaged plcture of the propagation
such as was reported by Reinhard et
al.[(2) and Van Hollebeke et al.[3].
They showed the existence of 1lhe fast
propagation reglon (FPR:45°VW +~60°, on
an average) or the preferred connection
region (PCR:20° ¥ 80° W) in +Llhe
heliolongitude. We tried to study some
characteristice of the propagation pro-
ceses of solar energetic particles by
using the data provided by the
GCMS/SEM's for February 1978 to February
1083, Some preliminary results of the
data analyses are reported in the
present paper.

2. DISTRIBUTION OF THE SEP  EVENTS
Sometimes, the GMS/SEM's observed the
solar energetic particle (SEP) eventis
at theilr synchronous orbits. Two exam-
ples of the SEP events are shown in
Fig.1¢(a) and 1(b). As seen in the fig-
ures, there was apparent increase in
each channel, except for the P1 and EL
channels. These two channels are omit-
ted from our analyses because they are
contaminated dominantly by the geomag-
netically trapped or quasi-trapped par-
ticles. .
About 50 SEP events were observed
by the GMS/SEM's for the period
(Fig.2), Hourly plots of the SEM data,
first, indicate that the time profiles
of flux intensities of the SEP events

are different from event to event. It
seems, however, that they are able to
pe classified roughly into two groups.

One of them 1s the
(SRT) event group.
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Fig 2. Distribution of tbe SCP events observed l’l:{ 3 Dlstribution of the SEP events fn the
by tbe CHS/SCli'e for the period of Teb 1978 to beliolongitude, The parent {iores ora plotted
reb 19893 Thie period Juat colncldes with tha on the solor dieck (a). In the flgure (b),
wnoximuw phoase of solor sctivity cycle 21 (Sun belfolongitudinal bin fe taken by 10" (solid
spot data were taken from the SOLAR-CLOPHYSICAL line) or 39° (broken line)
DATA.)

an SRT event is relatively short. It has a clear peak, as shown in
Fig.1(a). (Here the rise time is defined as the time from onset to max-
imum flux intensity.) The olher group is composed of several —avents, al-
ternatively, which do not belong to +the SRT event group (such as in
Fig.1(b)), that is, it includes long rise time events, those which have no
clear peak, and those which have somewhat complex time profiles. We
called the second group the long rise time (LRT) event group. The distri-
butions of +the SRT and the LRT events are shown in Fig.3. These figures
indicate that the SRT events distribute dominantly on the western hemi-
sphere and many of the LRT events on the eastern.

3 CORRELATION BETWEEN THE SRT EVENTS AND THE PRECEDING 8SC's Temporal
sltuation of the inlerplanetary space will become a very important factor
in addition to the ateady and averaged configuration of the space, when we
conslder the interplanetary propagation of solar energetic particles.
Shock waves are one of the most dominant sources which affecls the tem-
poral eltuation of the space such as the INF. Shocks also disturb the
geomagnetic situation as sometimes observed as storm sudden commencement
(SSC).

Ve examined the correlation between the SEP events and preceding
58C's. Fig.4 shows the frequency distribution of events which were accom-
panied by the SSC several days prior to onset of event, In the figura,
Tois the time needed for the sun to rotate 180°; 1t is considered to be
nearly double scale of the broadness of interplanetary shocks (5). 1t can
been seen in the figure that a reasonable correlation exists between the
SRT events and their accompanied preceding SSC's, while no correlation ex-
iste for 4{he LRT evenis. And 7 is considered as a limit of the correla-
tion.

4 TIME VARIATION OF P/l -RATIO It would be interesting to find ten
dencies of time variation of the proton-alpha ratio in the context of pro-
pagation study, because it is expected that there are some qualitative
differences in the effects suffered during the propagation. We plotted
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three ratios corras?onding to {hree en- 01y,
ergy (per nucleon) ranges, R(L), RQD N 46
and R defined as 40} ST
RCLy b)Y = [P2CEYIP3CEYI/ZALCLY, M
R(H;t) = PACE)/A3(L), ob 1L, 0t
and R(H;t) = P5CL)Y/A4CE) . :

Examples of these plots for an SRT and
an LRT events are shown in Fig.5. In
the figure, plots of R(), which is the
one of highest energy, fluctuate signi-
ficantly, because of poor statistics on !
P5 and A4. From the plots of many i-T i
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are represented in Fig.5 by broken ||!|!30} e e
lines. NERE E '
i : ¥
5.D1SCUSSION 1 e b
5,1 Coronal Propagation: The SEM ![i]: o B !

data are hourly averaged ones and can | i H°.4_4_J—T_T:T—tir— .
not provide any information aboul an- ||!|: b E ! 5
isotropy. Hence, it is not possible to LLili J i t . 1 . .« . —L
discues coronal propagation in detail. O 0 123 L5678 gé:ﬁf
However, we can draw some EqueStionS Fig 4 Correlation between the SEP events and
about coronal propagation <from the their accompanied preceding SSC's The

data. It is not natural ‘+hat the frequency distribution is sbown The abscissa

in +the figure represents bow many days does
nechanism of solar flare responsible gecur s3c pi,or to T SEP event  And T ic &

for [partiole acceleratlon ang relemse Hokenlins “Mith risht beni eide. ordinets
would change depending on the repre:ents the distribgtion of event numoer.
heliolongitude of flare position.

Therefore, Fig.3 suggests as follows. grr LR
The differences between the SRT and the ,, r3 o
LRT events are attributed to the W JA“\\‘N_ _f/{\-
differences of the propagation effects e Phr

suffered during the propagation between

the sun and the earth for each group.

As is well known, the region of good

connection is 40° - B0° ¥ in the
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et al., the predominantly well gulded v | 10q
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rather more wide; thal is the FPR has a,
slze of ~100° In section 2, we found z,, 1ot
that the width of distribulion of the g

SRT evenl was about 100°. This may im-
ply thal the solar energetic particles,
generated by the flare at a heliolongi- e

100
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center of A and radius of ~50° in
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note the fact that there are a few exceptions for both groups, and the
statement is valid in the sense of averaged piclure.

5.2 Interplanelary Propagation: Let us consider the space with dis-

tance less than 1AU when a shock has Just passed, i.e., immediately after
an occurrence of SSC, Observations show that, when a shock has passed in
the space, the solar energetic particles propagate in the interplanetary
epace; then these particles are observed predominantly as an SRT event.
This means that, for such an event, most of the energetic particles have
suffered only 1ittle scattering through their propagation in +the space.
Therefore, the result is that mean free path, hence diffusion coefficlent,
is large for the energetic particles with energy (or rigldity) under con-
sideration. And this may suggesl the number density of scattering centers
in the space decreased after passage of shock. When a shock wave that
triggered off an SSC has propagated through the space, the irregularities
of magnetic field which are scattering centers were swept out. Thus the
density of scatlering centers is minimized within several days after an
occurrence of a S5C. At this time, it {s considered that some reglion of
the interplanetary space which has been swept out by a shock is a 'clean
space’. The cleanness of the space will decay in two ways. One is due lo
the rotation of +the sun . The other is due to the random motion of the
roots of the IMF on the solar surface. Therefore, it is inferred that an
upper limit in time between the SRT events and preceding SSC's. According
to the statistics in Fig.4, this upper limii is 7-10 days,
' Ve should, however, remember the following argument. If +the inter-
planetary shock +that i1s observed as a preceding SSC and the solar flare
that generates an SRT event occur in the same active region, then another
possibility may exist other than the above mentioned. The active region
that 1s responsible for a SRT event has been in the eastern hemisphere
several days before, At this time, 1t is possible to imagine that such
active reglon has generated a shock wave that is responsible for a 8&SC.
In this case, the correlation between a western hemisphere event and its
preceding SSC necessarily exists. Then, the essential condition of the
occurrence of OSRT events is that the parent flare occurs in the western
bemisphere; and the correlation between SRT events and their preceding
SSC'e 18 not the cause but a result If it were a result, it becomes more
interested because subsequent occurrences of shock ejection and flare pro-
vides informations of prediction of an occurrence of flare and of flare
mechanism itself. Continuous measurements of the power spectrum of the
IMNF will be able to solve this problem.

The time profiles of the LRT events significantly differ from each
olher Moreover 1t is not possible that the LRT events can be understood
by using one propagation model only (e.g., anisotropic diffusion model).
These +two facls may suggest that the interplanetary propagation effects
modulate significantly the time profile. For example, when we +tried to
fit the time profiles by using an anlsotropic diffusion model (e.g.,
Burlaga's ADB model (51), fitting curve was in good agreement with the ap-
propriate parameters for {ihe SRT events, but for the LRT events, no rea-
sonable agreement was obtained. In the case of the SRT event, time varia-
tions of P/dd -ratio for RC(L),R(M) and RC(I) are able to be understood by
introducing appropriate energy (or rigidity) dependence of the mean free
path of particles. On the other hand, for the LRT event, it is not possi-
ble to explain the time variation of P/ by using diffusion theory only
because it is considered ihat this kind of events was suffered the propa-
gation effectas other than diffusion effect, Though, it eeems +that con-
stancy in P/d resiricts these effects such as that protons and alphas were
modulated in a same manner.

The SEM data used in the present study were provided from the
Meteorological Satellite Center, the Japanese Meteorological Agency.
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