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Abstract. This is a rapporteur paper for the 27th Interna-
tional Cosmic Ray Conference, covering sessions on tran-
sient phenomena in the heliosphere (SH 2.1–2.4) and on
coronal mass ejections (SH 1.8). The rapporteur paper is
focused on the cosmic ray observations aimed at understand-
ing heliospheric physics and on the experiment-oriented the-
oretical models. Among highlights of these sessions are a
seed population concept for the acceleration at interplanetary
shocks, theory of compressive-diffusive acceleration for co-
rotating interaction regions (CIRs), and observational results
on the heliospheric response to the solar eruptions occurred
around the 14 July, “Bastille Day”, 2000.

1 Introduction

Present rapporteur talk have to cover five sessions on pro-
cesses near the Sun and in the heliosphere:

– SH 1.8 Coronal mass ejections (CMEs)

– SH 2.1 Forbush decreases / Effects of CMEs

– SH 2.2 Co-rotating interaction regions (CIRs) / shocks

– SH 2.3 Propagating interaction regions / shocks

– SH 2.4 Merged interaction regions (MIRs).

Material of the talk has been organized basically according to
physical processes rather than according to the place where
the phenomenon occurs.

Variability of solar wind speed and solar eruptions bring
into existence of transient phenomena in the heliosphere, and
those transient phenomena leave their imprints in energetic
particles registered by particle instruments in space and at the
ground-based stations. There are two principal types of im-
prints: (i) modulations of the galactic cosmic ray (GCR) in-
tensity, and (ii) acceleration of low-energy ions inside the he-
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liosphere. The Diffusion-Convection Equation provides an-
alytical background for the acceleration/modulation of cos-
mic rays in the heliosphere (Toptygin(1985) and references
therein):
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where the particle distribution functionf is a function of
momentump, position xi and timet. The first terms in
right-hand side ofEq. (1) comprises scattering and magnetic
geometry effects, including drifts and focusing. The sec-
ond term represents convection, and the third term accounts
for the compressive deceleration/acceleration, depending on
sign of the divergence of solar wind velocity (∂Ui/∂xi).
Consequently, transient and corotating depressions of GCR
may be caused by changes in the solar wind velocity, scat-
tering at MHD waves (imbedded in the diffusion coefficient
κij), magnetic drifts and topology of the guiding magnetic
fields.

In the inner solar system the major disturbances observed
in the interplanetary medium are CIRs and CMEs. Solar
wind speed is a function of heliographic latitude and longi-
tude. As Sun rotates, flows of different speed become radi-
ally aligned. Faster wind runs into slower wind ahead while
simultaneously outrunning slower trailing wind. Since these
radially aligned parcels of plasma originate from different
positions on the Sun at different times, they are threaded by
different magnetic field lines and are thus prevented from in-
terpenetration. As a result, a CIR bounded by two shocks
forms (seeGosling and Pizzo(1999) and few other reviews
in that volume). CIRs exist at heliocentric distances between
2 and 10 AU. Between 8 and 12 AU, CIRs begin to spread,
merge, and interact, to produce merged interaction regions
(MIRs), also shocks decline in strength. Beyond∼ 20 AU, a
Global Merged Interaction Region (GMIR) may be formed.
MIRs and GMIR are superpositions of CIRs and CMEs. The
most powerful CME in each range of longitudes will sweep
up slower preceding transient and corotating streams to form
MIRs of limited longitude extend. These MIRs will them-
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selves overlap at their edges and combine to produce GMIR
that encircles the Sun to produce the widespread modulation
of GCRs. GMIRs were originally identified in theVoyager
magnetic field and plasma data (see in the ICRC proceedings
McDonald et al.(2001) and references therein). GMIRs are
a major element in producing the long-term (11 year) cosmic
ray modulation, whereas the short-term (26 day) periodicity
comes from CIRs.

Traveling interplanetary shocks, magnetic clouds, and cor-
responding aperiodic short-term modulations of the GCR
flux may be associated with CMEs which are produced by
solar eruptions. A set of comprehensive reviews on CMEs
may be found in the monograph byCrooker, Joselyn, and
Feynman(1997) and in the recent volumes ofSpace Science
Reviews(v. 93 (1/2) and v. 95 (1/2)).

In attempt to take the sense of the new development, this
conference summary is focused on the inconsistencies be-
tween theory and observations, because Rapporteur believes
that the cosmic ray studies belong largely to physics which
is known to be intensively developed through the repetitive
conflicts between experimental data and theoretical models.
This is not to say that purely theoretical or entirely exper-
imental/phenomenological works are not important. How-
ever if we are interested in learning the leading edge of the
science, we have to look for the points of intensive theory-
experiment interaction. The 27th ICRC has delivered new
examples of this kind of development.

2 Modulation of galactic cosmic rays

2.1 Co-rotating interaction regions and
Merged interaction regions

Modulations of galactic cosmic ray (GCR) intensity which
recur at the solar rotation period and are associated with
corotating high-speed streams from coronal holes, are pre-
sumably caused by deviations from the average solar wind
properties associated with these streams. It was found by
Richardson, Wibberenz, and Cane(1996) that the cosmic
ray intensity tended to be anti-correlated with the solar wind
speed within individual events, suggesting that enhanced
convection of cosmic-rays from the inner heliosphere in
streams contributes to the depression. RecentlyRichard-
son, Cane, and Wibberenz(1999) reported a 22-year depen-
dence in the size of recurrent modulations observed by neu-
tron monitors and spacecrafts during the last 5 solar minima,
with larger modulations during theA > 0 cycles (when the
solar global magnetic field points outward on the northern
hemisphere).

The recurrent GCR modulations are known to be promi-
nent features of declining and minimum phases of the solar
cycle. HoweverRichardson, Cane, and Wibberenz(2001)
have pointed out that the GCR modulations are present
through the entire solar cycle. They illustrate examples from
the current solar maximum using the anti-coincidence guard
of the IMP 8 GME instrument, which measure the isotropic

GCR intensity above∼ 60 MeV and is dominated by∼ 1 GV
particles when solar particle intensities are low. Authors con-
clude that there is little difference in the sizes of recurrent
GCR depressions at solar minimum and maximum and in
their relationship with solar wind structures. This suggests
that the ability of corotating streams to modulate the GCR
intensity is not strongly influenced by the global change in
the solar wind structure from solar minimum to maximum,
or by the accompanying change in the predominant stream
source from polar to equatorial coronal holes. This is found
to be a little surprising based on the previous conclusion that
the sizes of recurrent GCR modulations at solar minimum
are dependent to some degree on the polarity of the solar
magnetic field (A > 0 / A < 0), indicating that the large-
scale heliospheric structure is a controlling factor. On the
other hand, the similar behavior throughout the solar cycle
suggests that local solar wind conditions, such as convection
with the solar wind and scattering play a role.

Variations in the solar wind speed and enhanced scatter-
ing in CIRs were named among the reasons for azimuthal
(26 day) variations in the GCR flux to appear. They were
expected to act similarly for both polarity states (A > 0 /
A < 0). Other reason for the azimuthal variations is particle
drifts. Drift effects are primarily controlled by the structure
of the heliospheric current sheet (HCS). Drifts are sensitive
to the polarity state: they tend to produce significantly larger
effects for theA < 0 cycle when GCR ions drift inward
along HCS. Numerical simulations including both drifts and
CIRs (Kóta and Jokipii, 1991) predicted somewhat larger re-
current variations forA < 0. HoweverRichardson, Cane,
and Wibberenz(1999) found that recurrent GCR variations
at the orbit of Earth tend to be larger for theA > 0 cycles.
This finding is contrary to what one might expect from the
drift model. ForA > 0, ions penetrate to the inner helio-
sphere through the polar regions, thus they are insensitive to
the structure of the current sheet. In theA > 0 cycle, cosmic-
ray ions should be more sensitive to any north-south asym-
metry of the heliosphere. Observational evidences (Simpson
et al., 1996) suggest a southward displacement of the HCS
during the solar minimum around 1996 (A > 0). This offset
of the HCS does also imply a stronger average field in the
southern hemisphere. Calculations presented at this confer-
ence byKóta and Jokipii(2001) show that the difference in
average fields in the hemispheres causes a difference of GCR
intensities above and below the HCS, whereas CIRs cause the
recurrent variations to increase for both polarities, resulting
together in a stronger modulation in the case ofA > 0.

TheUlyssesobservations of the north-south asymmetry in
the position of the maximum amplitude of recurrent GCR
decreases,30◦S vs.10◦N, have been reported at is this con-
ference bySarri et al.(2001). Kato, McDonald, and Yasue
(2001) analyze amplitude of recurrent cosmic ray variations
(ions> 70 MeV/n, H> 80 MeV) at large heliospheric dis-
tances (21–36 AU) using observations from the cycle 21 solar
minimum period (∼ 1987) by applying a wavelet transform
technique to the data fromVoyager-1& -2 andPioneer-11.
They found that 26-day recurrent components in the outer
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heliosphere have the maximum amplitude atPioneer-11at
15◦N, one order of magnitude larger than that at equator. It
is suggested that coronal holes on the Sun are related to large
amplitude at middle latitude.

In the outer heliosphere step-like decreases in the GCR in-
tensity were observed to propagate at the solar wind speed
(McDonald et al., 1981). Earlier studies showed that the
step-like decreases are related to and presumably caused by
global merged interaction region (GMIR), which is merged
interaction regions (MIRs) that extend over a wide range
of longitudes around the Sun and extend to high latitudes
(Burlaga, McDonald, and Ness, 1993). At the present confer-
enceBurlaga et al.(2001) examine the first step-like decrease
during cycle 23, as seen in the intensity of> 70 MeV/n cos-
mic rays aboardVoyager-1& -2. Voyager-2(V2) observed
the GMIR during the year 2000, when V2 was located near
61 AU and21.5◦ south heliographic latitude. The GCR in-
tensity decrease was observed also atVoyager-1(V1) near
82 AU and33.7◦ north, approximately two months after the
event seen at V2. The maximum magnetic field strength in
the GMIR was near 0.2 nT, but the field strength fluctuated
considerably, indicating that the GMIR was highly struc-
tured. The radial extent of the GMIR was> 15 AU at V2
and about30 AU at V1.

2.2 Forbush decreases and effects of CMEs

Observations of energetic particles over a wide range of
rigidities can provide information on the presence and on the
structure of interplanetary CMEs (ICMEs, CME ejecta). A
large fraction of ejecta produce local depressions of the cos-
mic ray intensity (e.g.,Fig. 1). The depression typically ex-
tends over the ejecta region as determined from a range of the
ejecta plasma signatures1. The bi-directional particle flows
are present in regions of some ejecta. In particular there were
frequent observations of bi-directional heat fluxes of solar
wind electrons (∼ 100–200 eV), BDEs (Gosling et al., 1987).
Bi-directional flows of solar wind electron heat-fluxes indi-
cate that magnetic field lines within ICMEs are connected to
the Sun at both ends. However, the bi-directional electron
flows are frequently observed to be intermittent (Shohdan et
al., 2000). It has been suggested that this occurs when field
lines inside the ICME connect with open field lines of the
normal solar wind. Occasionally the heat-flux is entirely ab-
sent, indicating a completely open structure. In either case
this means that there are open field lines within the ICME
along which cosmic rays may gain easy access.

Cane et al.(2001) predominantly used cosmic ray obser-
vations made by the anti-coincidence guard of the Goddard
experiment onIMP 8, which detects> 60 MeV particles.
They examined whether the size of the cosmic ray depression
is correlated with the percentage duration of the associated
magnetic cloud which exhibits bi-directional electron-heat
flux flows. Authors have also examined individual ICMEs.

1The ejecta signatures comprise low kinetic temperature of ions,
rotation of magnetic field, and some others (seeNeugebauer and
Goldstein(1997) and references therein).

Fig. 1. Variations of cosmic rays together with Kp- and Dst indices
of geomagnetic activity during 9–20 July 2000. Ao - density varia-
tion of 10 GV cosmic rays, Axy - equatorial component of the GCR
first harmonic anisotropy. The GCR characteristics are inferred by
the global survey method for 10 GV rigidity except of the GLE pe-
riod on 14 July 2000 when the effective rigidity was about 1–3 GV
(Belov et al., 2001a).

They conclude that while their results suggest some support
for the expectation that GCRs are excluded from closed field
regions within ICMEs and can gain easier access along field
lines connected to the IMF, there is no clear relationship
between the GCR intensity and the presence or absence of
BDEs in individual ICMEs.

RecentlyRichardson et al.(1999) compared observations
of bi-directional∼ 1 MeV/nucl ions made by near-Earth
spacecraft during 1982 with intervals of bi-directional flows
observed in GCRs at∼ 4 GV. The GCR fluxes were inferred
by combining data from a word-wide network of 42 neu-
tron monitors regarded as a single multi-channel instrument.
At this conferences,Richardson et al.(2001) reported re-
cent episodes of bi-directional flows of∼ 1 MeV/nucl ions
(IMP 8) and∼ 4 GV GCRs. In particular, they identify
two periods of bi-directional particle flows occurred in mid-
July 2000 after the “Bastille Day” eruption (cf.Ihara et al.
(2001) reviewed below).Richardson et al.(2001) confirm
their earlier finding that bi-directional GCR flows observed
by the NM network tend to be associated with ICMEs and
with bi-directional flows of lower energy particles. How-
ever, bi-directional GCRs are only present in a small fraction
(∼ 10%) of the ICMEs which pass the Earth.

The most powerful solar event observed over current cy-
cle occurred on 14 July, “Bastille Day”, 2000 accompanied
by the class X5.7 X-ray flare and a halo coronal mass ejec-
tion that initially was traveling at a velocity of> 1700 km/s.
However the solar activity relating to the Bastille Day event
began with flare on 12 July and associated coronal mass ejec-
tion. Over a five day period starting on 13 July, spacecrafts at
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Fig. 2. The large-scale structure of the magnetic flux rope expand-
ing in interplanetary space, and the path ofNozomirelative to the
flux rope structure are drawn schematically. Also shown are ener-
getic electrons (≥ 100 keV) streaming through the magnetic flux
rope from the footpoint of the flux rope connected to solar surface
on 14 July 2000 (Ihara et al., 2001).

∼ 1 AU observed three shocks and four CMEs. In particular,
GEOTAILobservations of an interplanetary shock caused by
the Bastille Day solar eruption were reported byTerasawa et
al. (2001). It was expected at the given solar wind structure
observed at 1 AU that by 4 AU this system had evolved into
a large merged interaction region bounded by forward and
reverse shocks (McDonald et al., 2001).

Belov et al.(2001a) report results of preliminary analysis
of GLE on 14 July 2000, observed by the worldwide neu-
tron monitor network. The event was superimposed on a dis-
turbed interplanetary background: a strong Forbush decrease
was in progress when the GLE began (Fig. 1). Analysis of
many relevant data suggests that the particle acceleration up
to relativistic energies occurred during the early phase of the
flare, and the proton enhancement had a relatively soft energy
spectrum.

Bieber et al.(2001) use a nine neutron-monitor network
to derive the time profile of density and anisotropy of rela-
tivistic protons, and fit these observations to numerical mod-
els. AlsoWIND electrons have been analyzed. To explain
fully the observations, however, one should invoke a kind of
magnetic barrier or magnetic bottle associated with an earlier
CME that was located∼ 0.3 AU beyond Earth’s orbit at the
time of the event.

Ihara et al.(2001) report magnetic field and particle ob-
servations onNozomispacecraft, which was113◦ to the east
in heliolongitude as compared to Earth (Fig. 2). Authors
identify a magnetic flux rope arrived from the first, 12 July
eruption. Inside this rope they observed unidirectional flux of
electrons from the second, 14 July flare. This suggests that
one of the footpoints of the magnetic flux rope had been con-
nected to solar surface two days after the parent eruption, but

Fig. 3. Forbush decrease magnitude vs. product of the maximum
value of the given interplanetary-magnetic-field disturbance (Hm)
and the maximum of corresponding disturbance of the solar wind
velocity (Vm). Points with their standard errors derived as the av-
eraged data within the equal intervals ofHmVm changing.HmVm

is measured in units 5 nT× 400 km/s. The line indicates the linear
regression to the points (Belov et al., 2001c).

the second leg was probably reconnected to the open lines of
interplanetary magnetic field.

Some 177 days after the Bastille Day at Voyager 2 (63 AU,
24◦S) there began a step decrease in the cosmic intensity
(15% for 265 MeV/n GCR He) and a complex enhancement
with multiple structure in magnitude of the interplanetary
magnetic field. For low energy 2.3 MeV protons there was
a 10-fold increase intensity that tracks very closely the in-
crease in the solar wind velocity which reached peak value of
∼ 450 km/s (McDonald et al., 2001). Passage of the Bastille
Day 2000 shock by Voyager 2 in early January 2001 was ac-
companied by intensity increases of∼ 0.5–17 MeV protons,
and decreases in> 70 MeV ACR/GCR protons (Krimigis et
al., 2001). In March 2001 there was a small intensity increase
of ∼ 0.5–1.5 MeV protons at Voyager 1 that may indicate
passage of the Bastille Day shock at 80 AU.

Belov et al. (2001c) studied relation of the Forbush ef-
fects to different interplanetary and geomagnetic parameters.
They report results of statistical analysis of the variations of
10 GV GCR density obtained from the neutron monitor net-
work data: about 2000 events recorded during over 15 years.
Properties of the Forbush decreases are compared to differ-
ent parameters of the interplanetary medium and geomag-
netic field. A parameter of the interplanetary disturbance has
been found,HmVm, to be most closely correlated with the
amplitude of Forbush decreases (Fig. 3). This parameter is
the product of maximal disturbance values for the interplan-
etary magnetic field strength (Hm) and for the solar wind
speed (Vm). A relation of the Forbush decrease magnitude
to the geomagnetic activity is derived as a dependence of
the Forbush decrease amplitude upon the maximalAp-index
throughout the associated magnetic storm (Fig. 4).
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Fig. 4. Dependence of the Forbush effect mean magnitude on the
maximal Ap-index throughout the associated geomagnetic storm
(Belov et al., 2001b).

Belov et al.(2001b) reviewed pitch-angle features in cos-
mic rays in advance of severe magnetic storms as observed
by the neutron monitor network. Before CME arrives at
Earth, a combination of cosmic ray reflection and acceler-
ation at the shock and the “loss cone” effect2 change neutron
monitor count rates. Those cosmic ray precursors are ex-
pected to play a role for forecasting of severe geomagnetic
storms. Theoretical pitch-angle distributions for the cosmic
ray precursors have been calculated byRuffolo (1999) and
discussed at the previous ICRC in Salt Lake City (Ruffolo
et al., 1999). Belov et al.(2001b) have performed a survey
of 14 major geomagnetic storms which revealed peculiar an-
gular distributions in 11 cases, including 7 precursors with
clear loss cone characteristics, in which the pre-decrease is
confined to a narrow region around the sunward interplan-
etary magnetic field.Fig. 5 shows the preliminary result
for the event distribution over the lead-time before the storm
sudden commencement.

3 Heliospheric acceleration

3.1 Compressive-diffusive acceleration

CIR-associated energetic particles observed at 1 AU have
previously been explained in terms of particle acceleration
at the forward and reverse shocks bounding a CIR at dis-
tances> 2 AU. The shock-accelerated particles must then
propagate back to the observer at 1AU, resulting in the low-
energy roll-over in the particle energy spectra (Fisk and Lee,
1980). Recent observations byACE do not seem to fit this
picture (Mason et al., 1999; Mason, 2000; Dwyer, Mason,
and Mazur, 2001). Instead, at this conferenceJokipii, Gia-
colone, and Ḱota (2001) suggested that energetic particles
are accelerated close to 1 AU within the transition region

2 The “loss-cone” effect in context of neutron monitor observa-
tions means an intensity deficit at small pitch angles resulting from
magnetic connection with the cosmic ray depleted region behind the
CME-driven shock.

Fig. 5. Distribution of precursor “lead-time” for the 14 major geo-
magnetic storms catalogued byGosling et al.(1990). Lead-time is
the time from the first clear detection of a cosmic ray precursor until
the storm sudden commencement. Precursors are divided into two
types: “LC” denotes a precursor with clear loss cone characteristics,
in which the pre-decrease is confined to a narrow region around the
sunward IMF; “EV” denotes a precursor in which enhanced vari-
ance of the angular distribution is observed but it is not as clearly
aligned with the local interplanetary magnetic field (Belov et al.,
2001b).

from slow to fast solar wind, which is a more gradual change
than the near instantaneous jump across the shock at> 2 AU.

It is required for fast acceleration to occur that the diffusive
length scale∆d be larger than the compression width∆c:

∆c < ∆d = κ/U, (2)

whereκ is the diffusion coefficient along the propagation di-
rection of the compression region;U is solar wind speed3 (cf.
Eq. (1)). If particles diffuse through the velocity gradient as-
sociated with the CIR formation, they will be effectively ac-
celerated due to the fact that this gradient is very large. Con-
sequently, considerable acceleration can occur and this can
lead to a peak in the intensity within CIR. The mechanism
is similar to diffusive shock acceleration in that the particles
are accelerated as they scatter off of converging scattering
centers.

Jokipii, Giacolone, and Ḱota (2001) investigate acceler-
ation in the case when the particle mean-free pathλ‖ is
large compared to the width of the compression. Diffusion-
Convection Equation (Eq. 1) cannot be used in this case.
Instead, the orbits were integrated by solving the Lorentz
force acting on each particle. Employed geometry of mag-
netic field is shown inFig. 6. Note that particle acceleration

3 Corresponding equation in the conference proceedings differs
from Eq. (2) because of misprint noted by Authors only after pro-
ceedings had been published.
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Fig. 6. Magnetic field model employed byJokipii, Giacolone, and
Kóta(2001) for calculations of the compressive-diffusive accelera-
tion.

and transport at another compression region has been calcu-
lated also byKlappong et al.(2001) by solving kinetic equa-
tion for the particle distribution function.Jokipii, Giacolone,
and Kóta(2001) conclude that compressive regions in the in-
ner heliosphere may accelerate ions to energies 1–10 MeV in
the absence of shock or wave-particle acceleration.

3.2 Seed population concept

During the previous solar maximum, the3He/4He ratios for
SEPs over the high-energy range 50–110 MeV/nucl. were
determined byChen, Guzik, and Wefel(1995) using he-
lium data measurements of the ONR-604 instrument on-
board theCRRESmission. For the 1990–1991 solar maxi-
mum period they identified thirteen events with3He/4He ra-
tio larger than 0.5%. In particular during 23–24 March 1991
the3He/4He ratio rose above 15% (alsoClayton, Guzik, and
Wefel (2000)). This event was associated with impulsive so-
lar flare on 22 March 1991 (X9.4/3B), chromospheric More-
ton wave (speed≈ 1900 km/s), coronal and interplanetary
shocks with speeds≈1400–1500 km/s.Clayton, Guzik, and
Wefel (2000) pointed out that the 23–24 March3He/4He-
enhancement occurs in coincidence with the helium intensity
peak, which is consistent with an enrichment of3He near
the interplanetary shock. However a question as to what is
the initial progenitor of the interplanetary-shock-accelerated
3He-rich particle population has not been raised in those pa-
pers.

In the work reported at this conference,Desai et al.(2001)
have surveyed the 0.5–2.0 MeV/nucl. ion composition of
56 interplanetary shocks observed with the ULEIS onboard

Fig. 7. (a) Intensity-time profiles of 0.5–2.0 MeV/nucl3He, 4He,
O, and Fe nuclei, and (b) energy spectrogram of 0.03–3.0 MeV/nucl
Fe-group ions measured by ULEIS during 10–15 October 2000.
The solid vertical line, marked S, at 21:45 UT on 12 October 2000
shows the arrival of the interplanetary shock atACE. Dashed ver-
tical lines identify the time intervals during which instrument mea-
sured energetic ions associated with the shock (Desai et al., 2001).

ACE. The results show 25 cases of3He ions being acceler-
ated at interplanetary shocks. An example of such event is
shown inFig. 7. The 3He/4He ratio at the 25 shocks ex-
hibited a wide range of values between 0.0014–0.24; the ra-
tios were enhanced between factors of∼3–600 over the solar
wind value. Authors conclude that the3He enhancement at
interplanetary shocks cannot be attributed to rigidity depen-
dent acceleration of solar wind ions and are better explained
if the shocks accelerate ions from multiple sources, one being
remnant impulsive solar flare material enriched in3He ions.
The results also indicate that the contribution of impulsive
flares to the seed population for interplanetary shocks varies
from event to event, and that the interplanetary medium is
being replenished with impulsive material more frequently
during the periods of increased solar activity.

One more fact supporting the seed population concept can
be found in presentation byKucharek et al.(2001). Authors
report several CME-related SEP-events with unusually high
abundance in He+: He+/He++ was close to 1 whereas it
is typically∼0.01–0.1. Possible sources for He+ are inter-
stellar pickup ions or cold solar ejecta in CMEs. Numeri-
cal 1D-hybrid simulations of acceleration of He+ and He++

at quasi-parallel shocks have been performed byKato, et
al. (2001b) in order to explain observed anticorrelation of
the He+/He++ ratio with both solar wind velocity and solar
wind temperature.

3.3 Coronal Mass Ejections

Experimental studies of CME-associated acceleration com-
prise case investigations and statistical studies. The ener-
getic storm particle (ESP) event of 20 October 1989 has of-
ten been cited as an example of high energy (≥ 500 MeV)
proton acceleration at the arrival of a CME-driven shock at
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Fig. 8. GOES-7 proton observations of the 19–21 October 1989
event. The vertical arrow indicates the time of the solar event, the
dashed vertical lines identify the arrival of interplanetary shocks and
the dotted line the onset of the ESP event (Lario and Decker, 2001).

the Earth (Fig. 8). At this conferenceLario and Decker
(2001) re-examined high time resolution solar wind, mag-
netic field, and energetic proton data from theIMP-8 space-
craft. Authors conclude that the high-energy proton popu-
lation observed around the shock passage is not a locally
shock-accelerated population, but rather a population con-
fined and channeled by a complex magnetic field structure
formed in front of the shock.Struminsky(2001) re-analyzed
also neutron monitor data for the period 20–22 October 1989.
He suggests that the shock associated enhancement was caus-
ed by particles accelerated close to the Sun, trapped between
two magnetic walls, and slightly re-accelerated on the way to
the Earth.

Decay phases of energetic-particle events, especially after
the passage of shocks through the observation point, were in
the focus of the statistical multi-spacecraft study presented
by Daibog et al.(2001). Authors report spatial invariance of
MeV particle intensities during the late phase of large pro-
ton events associated to the fastest CMEs. This may be re-
lated to trapping of particles between the converging mag-
netic field lines near the Sun and moving shells of strong
scattering downstream the traveling shocks.

Kahler, Reames, and Sheeley(2001) pointed out that
CMEs may play a role also in weak impulsive SEP events.
These authors report probably atypical3He-rich SEP event
which occurred on 1 May 2000. This is the first reported case
of impulsive SEP event associated with a CME, the unique
case for many years of SEP and CME observations. Nev-
ertheless it indicates that CMEs may contribute to produc-
tion/release of different energetic particle populations in dif-
ferent solar eruptions.

Stolpovskii et al.(2001) considered 0.3–3 MeV electron
spectra in SEP events observed after the flare-plus-CME as-
sociations and after flares only. In particular it is obtained
that in the flare-plus-CME associated events electron spectra
become harder with increase of the CME speed,v.

Kocharov, Torsti, and St.Cyr(2001) made use ofSOHO
ERNE and LASCO data to study a role of the CME dynam-
ics in production of∼ 10 MeV protons. It is found that pro-
duction of SEPs by moderate speed CMEs depends not only
on the final speed,v, but also on the magnitude of acceler-
ation, a, that CME experiences during its liftoff. Authors
suggest a “closed-chain” scenario for the SEP-producing so-
lar eruptions. In this kind of scenario an early rise of CME
triggers the flare which in its turn starts particle coronal ac-
celeration culminating later at the CME-driven shock in the
interplanetary medium. The particle coronal acceleration is
relevant to the near-Sun CME-dynamics (represented bya)
and provide a seed particles for the particle interplanetary
acceleration (represented byv). Note that presence of open
magnetic field lines threading CME (cf. Sect. 2.2) should be
important ingredient to such a scenario, because open lines
would allow particles accelerated in corona to escape from
behind the rising CME.

Thus there are indications that role of CMEs in energetic
particle production should not be reduced to the bow shock
acceleration in the interplanetary medium and may be more
diverse than one might suggests.Fig. 9 illustrates impact
of SOHOdiscoveries on the current classification system of
SEP events. New ingredients here are the CME liftoff / after-
math processes which may be relevant to production of seed
particle population for further acceleration at interplanetary
CME and allowance for re-acceleration.

4 Conclusion

Rapporteur would like to highlight three groups of reports
presented at the 27th ICRC in Hamburg:

1. Observations: Effect of the mid-July 2000 CMEs ob-
served by the neutron monitor network and by the fleet
of spacecrafts in a wide range of heliolongitudes and
heliocentric distances (Sect. 2.2).

2. Interpretation: The seed population concept for inter-
planetary shock acceleration (Sect. 3.2).

3. Theory: The compressive-diffusive acceleration for par-
ticle acceleration in CIRs (Sect. 3.1).

The first group of reports shows that a rich set of observa-
tional data has been collected by different groups, possess-
ing a potentiality for their integrated analysis and for model
fitting. Results of the2nd and3rd groups taken together indi-
cate that the role of shock acceleration in heliosphere may be
slightly overestimated. These works have revealed two limi-
tations to the shock acceleration: (i) It takes a while for CIR
shocks to be formed, whereas a compressive motion which is
as yet not a shock can also accelerate particles; (ii) Interplan-
etary shocks may be not efficient for pre-acceleration: there
may be another pre-accelerators which are more efficient in
producing seed particles than shock by itself. In context of
SEP production, should we identify CME with its bow shock,
or other parts of CME are also important? Probably next
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Fig. 9. Outgrowth of the SEP classifi-
cation system and underlying solar phe-
nomena. The cartoon histogram at the
bottom, “impulsive/gradual flare” cir-
cles, and two vertical boxes with ema-
nating arrows 1 and 5 illustrate the ori-
ginal impulsive-gradual flare paradigm,
dated back to the mid-eighties. The
current, flare-CME paradigm is illus-
trated with the “impulsive flare” circle,
the “Interplanetary CME (ICME)” balk,
and arrows 1 and 2. The rest of the
figure illustrates suggested outgrows of
current paradigm. Contribution of the
CME liftoff/aftermath processes and
opportunity of re-acceleration could ex-
plain a variety of SEP events actually
observed. For instance, impulsive-flare
associated events observed well apart
from the eruption center are started
with coronal acceleration triggered by
the CME liftoff/aftermath and contin-
ued with ICME acceleration (arrow
6). Arrow 3 illustrates well connected
SEP event associated with both im-
pulsive flare and fast CME, character-
ized by impulsive composition and pro-
longed production of SEPs. The fig-
ure was presented at the 27th ICRC but
not included into the printed report by
Kocharov, Torsti, and St.Cyr(2001).

conference will deliver more experiment-oriented theoretical
models and new experimental results which are required to
refine a role that shock acceleration plays in the heliosphere.
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Hamburg, SH2.2,9, 3581.
Kahler, S. W., Reames, D. V., and Sheeley, N. R., Jr., 2001,Proc.

27th ICRC, Hamburg, SH1.8,8, 3443.
Kato, C., McDonald, F., and Yasue, S., 2001,Proc. 27th ICRC,

Hamburg, SH2.2,9, 3592.
Kato, C., Kucharek, H., Scholer, M., and Klecker, B., 2001b,Proc.

27th ICRC, Hamburg, SH2.3,9, 3611.
Klappong, K., Leerungnavarat, K., Chuychai, P., and Ruffolo, D.,

2001,Proc. 27th ICRC, Hamburg, SH1.8,8, 3461.
Kocharov, L., Torsti, J., and St.Cyr, O. C., 2001,Proc. 27th ICRC,

Hamburg, SH1.8,8, 3435.
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