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The non equilibrium characteristics of the solar
wind electron distribution functions (EDF) at 1 AU
are of great importance in many aspects, for instance
in understanding heat conduction, plasma microinsta-
bilities and transport in weakly collisional plasma, as
well as in the scenario at the origin of the solar wind.
It has been known for a long time that, in the free
solar wind, EDF display both thermal (”core”) and
suprathermal ("halo” and ”strahl”) populations; more
recently a super-halo population has also been iden-
tified. The usual model used to characterize the ob-
served solar wind EDF is a sum of two bi-Maxwellians,
the core-halo model, with a core-halo drift velocity ori-
ented along the interplanetary magnetic field. Other
recent works have emphasized the Lorentzian nature of
EDF, i.e. the importance of their suprathermal tails,
which should play a crucial role in the exospheric ex-
pansion of the slow and fast solar wind. Based on either
the core-halo or Lorentzian (or Kappa) models, kinetic
instabilities in space plasma have been discussed in the
literature and wave growth rates have ben calculated.
However both models are not appropriate to accurately
characterize the solar wind EDF because they do not
account properly for some important features of ob-
served EDF. It is therefore important to characterize
more precisely the nature of the EDF in the two typ-
ical solar winds. The 3DP experiment on the WIND
spacecraft provides measurements of the full 3D elec-
tron distributions from energies of few ev to above 100
Kev, with a high-sensitivity, wide dynamic range, good
energy and angular resolutions, and high time resolu-
tion. WIND’s in-ecliptic orbits cover prolongated pe-
riods in the ambient, slow and fast, solar wind near
L1, during the last minimum of solar activity. New
characteristics of EDF are established and their conse-
quences in different field of space plasma processes are
discussed.
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Spacecraft observations show that solar wind near
Earth orbit is usually highly super-Alfvénic with an av-
erage Alfvén Mach number of 8.4. Gosling et al. (JGR,
87, 239, 1982) showed that during the low density
events of July 4, July 31, and November 22, 1979 the
solar wind became sub-Alfvénic. We use the recently
released OMNI 2 spacecraft data compilation for 1963-
2003 to select 23 intervals with abnormally low den-

sities of 0.3 cm™ *“ or less and among them 9 events
with Alfvén Mach number less than unity. We discuss
a correlation between minimum Alfvén Mach numbers
and minimum densities for the selected events. Using a
time-dependent MHD simulation, we show that a very
strong rarefaction with an embedded sub-Alfvénic re-
gion can develop on the trailing edge of a fast flow.
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‘We present hybrid numerical simulation results with
particle protons and fluid electrons of a low-frequency,
planar (body) and shear Alfvén wave located within
a smoothly varying cross-field pressure-balanced struc-
ture which provides a wave-speed gradient. We consider
wave propagation directions starting at 90°, which re-
sembles the case of a surface wave on an interface, and
less than 90° with respect to the gradient direction. We
find that the planar Alfvén wave undergoes resonant

absorption. When the propagation direction is less
than 90°, we show that there are resonant field lines
which can actually give wave energy to other neigh-
boring resonant field lines, which is a situation that
has not been encountered in previous work with sur-
face waves. A consequence of this process is an overall
faster development time for smaller scales perpendic-
ular to the magnetic field through phase mixing and
potentially faster dissipation of these generated scales
in coronal and solar wind plasma. In these collisionless
simulations, dissipation of the small scales occurs via
the Landau resonance.
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A transport theory for cross helicity is described,
including both scale-separated spatial transport and a
phenomenological description of nonlinear effects as-
sociated with magnetohydrodynamic turbulence. The
formalism is applied to the radial evolution of the solar
wind, where driving effects of shear and pickup ions are
included. It is found that the radial decrease of cross
helicity observed in the equatorial solar wind can be ac-
counted for when sufficient driving is included to over-
come dynamic alignment, i.e., the inherent tendency
for MHD turbulence to produce Alfvenic states. For
the high latitude wind, which evolves under influence
of a lower mean shear stregnth, the theory predicts a
closer balance between dynamic alignment and shear
strength effects, so that the normalized cross helicity,
which generally decreases with increasing heliocentric
radial distance, changes very little between 2 and 4 AU.
This accounts well for Ulysses observations. This re-
search supported in part by NSF grant TM-0105254,
NASA grants NAG5-8134, NAG5-11603, NAG5-6570
and NAG5-10911, and the NZ Marsden Fund (02-UOW-
050 MIS).
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We have developed a semi-empirical model of the
electron heat conduction which is based on both theo-
retical and observational considerations. Most specif-
ically we are most interested in applying this model

to the polar regions of the Sun during solar min-
imum where suprathermal tails may form. This
model is a ’local model’ which uses the Krook’s an-
zatz in the Boltzmann equation using the collision
term (5f*/6t)ooyp = —(f* — f§)/7 where 7 =
()xw/wc)(us/(ufl 4+ Aw /Aipyr)) is the collision time,
Aw is a characteristic ’local’ scattering length due to
waves, A.,,, i8 a characteristic collision length ’local’
due to coulomb collisions, u = (w/wc), we is the ther-
mal speed of the core electrons, w is the electron speed
in the electron proper frame, and f* = f& + f{, where
f* is the proper frame electron distribution function,
f(’)‘ is the unperturbed electron distribution function
and ff is the perturbed correction term due to plasma
gradients and collisions. Assuming a kappa distribution
function for fék we can compute an expansion of the
Boltzmann equation and derive an expression for fik
with some undetermined parameters. Then by impos-
ing constraint of particle conservation [ f:l d3w = 0,
the zero current condition jl*l = —ef f:lw”dsw =0
to give us a relationship for the interplanetary poten-
tial, and we can then reduce the number of free pa-
rameters. Then by specifying the logarithmic deriva-
tive of the electron density, core electron temperature
and the magnetic field from the base of the corona to
1 AU using SOHO and Ulysses data we can derive a
relationship for « and thus ff with X as a free pa-
rameter. Once this is dgne we can use the relation-
ship q:” = gme JfEw w”dsw to give us the elec-
tron heat flux along B and then set it equal to qe

from the semi-empirical MHD model by Sittler and
Guhathakurta (1999,2002) to constrain Ay which tell
us how important waves are (i.e., whistler mode waves)
with respect to coulomb collisions as a function of ra-
dial distance from the Sun. Preliminary results were
presented by Sittler et al. (2001). Our most results
have been improved from that previously presented and
will use a comprehensive analysis of Ulysses solar wind
electron data.
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Statistical studies of high time resolution in situ
measurements of interstellar helium pickup ions us-
ing SOHO/CELIAS/CTOF and ancillary data are re-
ported. These singly charged helium ions act as test
particles in the solar wind due to their low relative den-
sity in the inner heliosphere. These studies have shown
new correlations to solar wind parameters such as pro-
ton density, magnetic field direction & magnitude, and
MHD wave power. Statistical analysis enables quanti-
tative analysis of pitch angle scattering rates and also
shines new light on stochastic acceleration and wave-
particle interactions. Also reported are the effects of
changing ionization rates on the interstellar pickup ion
velocity distributions.
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During the enhanced intensities at low energies ob-
served by Voyager 1 at >85 AU in 2002, the helium
appears to have two distinct components. Above 10
MeV /nucleon, it is consistent with that of modulated
anomalous cosmic rays, while it is a power law at lower
energies indicating no energy-dependent modulation.
The two components exhibit distinctly different time
dependent variations which may provide clues as to
their differing origins.
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Beginning mid-2003 the >0.5 MeV /nuc ion intensity
measured by the Cosmic Ray experiment on Voyager 1
(V1) (at 88.8 AU and 33.9°N) began to increase and
by early Feburary 2004 had reached the same level as
during the earlier 2002 event. The intensities at Voy-
ager 2 (V2) (70.6 AU and 24.5°S) did not show a cor-
responding increase. The 2002 event lasted ~7 months
and was characterized by a low-energy particle inten-
sity increase at V1 by two or more orders of magni-
tude with no corresponding increase at V2. The origin
of this increase at V1 is currently under debate, with
some suggesting that the solar wind termination shock
was crossed, while others maintain that V1 remained
upwind of the shock. The 2002 event has been fairly
well characterized in terms of the particle energy spec-
tra and streaming properties. The event ended in early

2003 with the intensities returning to near normal lev-
els by 2003.4. We will characterize the energetic parti-
cle properties of the new 2003 event and compare with
the properties of the 2002 event. This work was sup-
ported by NASA under contract NAS7-03001.
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The position of the Voyager 1 (V1) spacecraft with
respect to the solar wind termination shock (TS) dur-
ing the V1 energetic particle events that began in mid-
2002 remains a subject of debate. However, there does
appear to be a general consensus that the spacecraft
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was in close proximity to the TS during a roughly
six-month period ending in January 2003 and a sec-
ond period beginning about August 2003. A consistent
scenario has not yet been presented that explains the
essential observations (i.e., large coherent particle in-
tensity variations, outward azimuthal particle stream-
ing, ~no net radial flow, low magnetic field, no For-
bush decreases, and no comparable Voyager 2 event)
so we seek more clues by analyzing the measurements
from the first and subsequent events in increased de-
tail. The focus is the spectral characteristics of the ac-
celerated ion population and the higher-energy “mod-
ulated” anomalous cosmic rays (ACRs). We study the
presumably two separate particle populations detected
by the Low Energy Charged Particle experiment’s 360°
scan of the sky: the field-aligned streaming component
and the remaining quasi-isotropic distribution of parti-
cles. By using as fine a temporal resolution as counting
statistics allow, we will examine unresolved aspects of
the first event, while reporting new observations of the
more recent event. For example, by identifying cer-
tain transient spectral features—possibly due to very
local transport effects—we attempt to estimate the lo-
cal radius of curvature or acceleration time associated
with the nearby TS. We emphasize the measurements
that place significant constraints on theoretical inter-
pretation and also highlight features that could suggest
new approaches to understanding these puzzling obser-
vations.

URL: http://space.umd.edu/voyager
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