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Abstract
New observations of electron fluxes made in 1997 and 1998 extend our ongoing investigation of the relative
modulation of positively and negatively charged particles. We compare the electron fluxes measured on
high altitude balloon flights with helium fluxes measured by the IMP-8 spacecraft. We also report new
measurements of the primary cosmic ray positron abundance in 1997 and 1998.

1 Introduction:

Although the sun has a complex magnetic field, the dipole term nearly always dominates the magnetic
field of the solar wind. The projection of this dipole on the solar rotation axis (A) can be either positive,
which we refer to as th&" state, or negative, which we refer to asAhstate. At each sunspot maximum,
the dipole reverses direction, leading to alternating magnetic polarity in successive solar cycles. This rever-
sal is better viewed as a collapse and regeneration, rather than a rotation.

Electromagnetic theory has an absolute symmetry under simultaneous interchange of charge sign and
magnetic field direction. Positive and negative particles cannot have systematic differences in their propa-
gation in a magnetic field that is symmetric under reflection. Differential measurements of cosmic ray
charge sign dependence thus provide a direct way to study the lack of reflection symmetry in solar wind
magnetic fields.

Two types of deviation from reflection symmetry of the magnetic field have been considered to date --
one in the large-scale field, the other in the turbulent, or wave component. Opposite magnetic polarity
above and below the helio-equator, coupled with Parker spiral field lines that are mirror images of each
other, produces drift velocity fields that (for positive particles) converge on the heliospheric equator in the
A’ state or diverge from it in th&™ state. (Jokipii and Levy 1977). Negatively charged particles behave in
the opposite manner. The drift patterns of course interchange when the solar polarity reverses. Alterna-
tively, systematic ordering of turbulent helicity discovered by Bieber, Evenson, and Matthaeus (1987) can
cause diffusion coefficients to depend directly on charge sign and polarity state.

Babcock (1959) was the first to observe a change in the polarity state when he observed the northern
(southern) polar region change to positive (negative) polarity, that is a transitionAtostlage. Such polar-
ity reversals, derived from magnetogram observations taken over the last four solar cycles (Babcock 1959;
Howard 1974; Weblet al. 1984; Linet al. 1994), are indicated in Figure 1. The symbols “N” and “S” show
the best estimates of when the polar regions reversed polarity. The polarity reversals are based on data from
heliographic latitudes greater than 70 degrees, except for the first, which covers 50-80 degrees latitude in
each hemisphere.

2 Observations:

Several modulation phenomena have different patterns in solar cycles of opposite polarity. Possibly the
most striking of these is the change in the flux of electrons relative to that of protons and helium that occurs
near the time the solar polarity reverses (Evenson and Meyer 1983; Garcia-&flaha986; Ferrado et



al. 1995). Cosmic electrons are predominantly negatively charged, evenAn ploarity state. Figure 1
illustrates the behavior of the electrons and helium, near a rigidity of 1.2 GV, as a function of time. Evenson
(1998) gives references to the historical electron data (open symbols). In this paper we report two new
measurements of the electron flux at 1240 MeV, taken in 1997 and 1998 by the balloon borne instrument
LEE (large open triangles). We also present an extension of the measurements made by the University of
Chicago instrument on IMP-8 of helium in the energy range 160 MeV/n to 220 MeV/n (solid circles).
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free of atmospheric return albedo contamination are excluded from this compilation. Several pioneering
measurements were published before the time dependent nature of this albedo contamination was estab-
lished (Jokipii, L'Heureux and Meyer 1967). We also include in Figure 2 the first of what we hope will be
many measurements of the positron abundance made with our new AESOP instrument, described by Clem
et al. (1995). We plot the average of our measurements made in 1997 and 1998, since the individual meas-
urements are statistically indistinguishable. Our data also agree well with other measurements made over
the past few years, indicating that the abundance of positrons is relatively stable, at least near the time of
solar minimum. 20 T T T T T T T
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For times since 1976, the estimated tilt angle of the solar dipole is available on the web page
http://quake.stanford.edu/~wso/Tilts.html . Using the mean position of the maximum extent
of the current sheet (new method) as a measure of tilt angle, Figure 4 shows the electron (from balloon
flights) to helium (from IMP-8) flux ratio at 1.2 GV as a function of tilt angle. Solid symbols indicate
measurements and open symbols deAdteOur result is consistent with the observationsieber et al
(1999a,b), who observe approximately a 20% rise in the electron to proton flux ratio with decreasing tilt
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the sharp rise in the helium flux in 1987 5q9
(refer back to Figure 1) does not stand - N
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constancy of the positron abundance may argue for the latter point. In any event, the most dramatic feature

associated with charge sign dependence remains the large shift that occurs very near the reversal of the solar

polar field. We look forward to continued flights with our new positron instrument to investigate the phe-

nomenon in greater detail over the coming field reversal.
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