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Abstract

The IMP 8 GME experiment has recorded 0.5-4.0 MeV/amu ion anisotropies since launch in October 1973,
encompassing more than two 11-year solar cycles. The probability of observing field-aligned, bidirectional
ion flows (BIFs) follows solar activity levels, predominantly because of the dependence of interplanetary
energetic particle intensities on solar activity, and is increasing in recent data. We illustrate an extended
BIF on September 25-26, 1998 inside an ejecta (interplanetary material associated with a coronal mass
ejection at the Sun), but note that BIFs can also occur outside ejecta. We also combine anisotropy data
from IMP 8 and a spacecraft at L1 (ISEE 3) to identify BIFs associated with convected solar wind struc-
tures.

1 Introduction:

Bidirectional ion flows (BIFs) are of particular interest because they are one of the in-situ signatures of
ejecta, interplanetary material associated with coronal mass ejections at the Sun (e.g., Gosling, 1990). BIFs
may be set up in ejecta by ions circulating around plasmoid-like ejecta field lines, or by particle reflection in
the legs of looped magnetic field lines rooted at the Sun. The ions have long mean-free paths because field
variances are typically low in ejecta. However, BIFs are not uniquely indicative of ejecta, and can occur
elsewhere, if counter-streaming particle flows are set up for some reason (Richardson and Reames, 1993).
The present study uses 15-minute resolution 0.5-4 MeV/amu ion data acquired by the IMP 8 GME experi-
ment (McGuire et al., 1986) up to 1998, and extends that of Richardson and Reames (1993) which covered
1973 to 1989.

2 Instrumentation:

The GME LED (geometrical factor: 0.39 &sr) views+25° from the ecliptic and accumulates particle
counts in 8 azimuthal sectors as the spacecraft spins. Data are accumulated over 15-minute intervals and
transformed into the solar wind frame. The zero, first and second-order tgrmp ¢ha Fourier series fit
to the sectored data give respectively, the isotropic, streaming, and bidirectional (two-peaks/rotation) com-
ponents. To identify BIFs, which are characterized by a relatively laygemponent, we use the criteria
of Richardson and Reames (1993)/A4 > 0.8, A/A, > 2.0, and A> 0.1 (to remove nearly isotropic inter-
vals). We also require at least 50 particle counts for the Fourier analysis to be made. Only periods when
IMP 8 is in the solar wind (~60% of each ~40drbit) are considered in this study because interplanetary
particle distributions are usually severely distorted inside the bow shock. To distinguish field-aligned flows
from "pancake" distributions, peaked perpendicular to the magnetic field, we use the magnetic field direc-
tion interpolated from 1-hour averages obtained from the NSSDC OMNI database. The OMNI data are
usually based on IMP 8 observations when the spacecraft is in the solar wind.

3 Observations:

Figure 1 summarizes the BIF occurrence rate during the IMP 8 mission. The top two panels show the
solar cycle variation in the intensity of ~1 MeV protons, and the percentage of 15-minute intervals in which
field-aligned BIFs are observed during successive periods of 82 days (~3 solar rotations). The occurrence
rate follows the solar activity cycle and ranges from <1% at solar minimum to ~10% at solar maximum.
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rate distributions, which occasionally meet the BIF criteria. The IMP 8 particle distributions may also be
influenced by proximity to/connection to the bowshock, though we have not considered such effects here.
Previous observations (e.g., Richardson and Reames, 1993) have also shown that only a subset of BIFs
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which major ejecta pass Earth. Note that there are some similar details, such as the slight decrease in the
rates at solar maximum.

Considering recent observations, 26 extended BIFs have been identified between the launch of the
SOHO spacecraft and September 1998 (the current limit of the OMNI magnetic field data). Summarizing,
from examining high-time resolution plasma/field data from IMP 8 and WIND, we conclude that BIFs as-
sociated with ejecta which are probable magnetic clouds (MCs) were observed on 97/11/03-04; 97/11/07,
98/05/02-03; 98/08/21; 98/09/23; and 98/09/25-26. Other BIFs were associated with ejecta-like regions
lacking the magnetic field rotations characteristic of MCs (98/03/25; 98/03/31-04/01; 98/05/27; 98/06/04-
06; 98/06/16-17; 98/06/18; 98/08/02; 98/08/08). Four BIFs occurred upstream of transient shocks
(97/03/14; 98/01/05; 98/04/06; 98/08/05) and may, for example, have been set up on field lines which inter-
sected the shock at more than one point (Balogh and Erdds, 1983). Another BIF occurred, unusually, in a
post-shock region ahead of an MC (98/08/19). Finally, four events (96/12/29; 97/07/28; 98/08/04;
98/09/22) had no associated local solar wind structures, and must have been set up by other processes
(Richardson and Reames, 1993). Thus, even these extended BIFs are not uniquely associated with ejecta.

Figure 3 illustrates GME observations on September 23-27, 1998 during a particle enhancement follow-
ing an M7/3B flare at NI®EOY at 07 UT on September 23. WIND plasma/field data are shown because
similar IMP 8 observations are incomplete; solar wind structures pass WIND ~40 minutes earlier than IMP
8. The associated shock, which encountered WIND at 2320 UT, September 24, was followed by passage of
the ejecta. The ejecta is indicated, for example, by: (1) the shaded region jmptreelfwhere the proton
temperature (J is below 50% of the temperature expected for normally expanding solar wipcal(§o
shown in this panel (Richardson and Cane, 1995); (2) an extended BIF (horizontal line in the bottom panel);
(3) a magnetic field rotation suggestive of a magnetic cloud and (4) low magnetic field fluctuation levels.
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The rate at which bidirectional ~1 MeV ion flows are detected

Figure 4: Probability (%) of a BIF at in the solar wind varies with solar activity levels, largely because
IMP 8 and ISEE 3 vs. ISEE 3-IMP &he enhanced particle intensities required for BIFs to be identified
time delay (maximum at +0.75 hour). occur more frequently around solar maximum. Since energetic

solar events and fast CMEs are responsible for the higher particle
intensities at solar maximum, the solar-cycle variation in the observation of BIFs is primarily caused by the
changing occurrence rate of energetic CMEs. We note that Gosling et al. (1992) suggested that the similar,
solar-cycle dependence in the rate of bidirectional solar wind electron (BDE) heat fluxes may directly re-
flect variations in the CME rate. A similar interpretation in not possible for the BIF easude some
ejecta pass by when elevated patrticle intensities are not present, whereas BDESs originate in the solar wind
heat flux, which is almost always present. In addition, BIFs are not uniquely associated with ejecta, as has
been noted in this and earlier studies. The problem of identifying ejecta-associated BIFs may be facilitated
by considering multiple anisotropy data sets, either from the same or different spacecraft. The combined
Goddard IMP 8/ISEE 3 data show that BIFs are associated with convected structures which have scale sizes
< 0.1 AU.
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