
EXECUTIVE SUMMARY

NASA launched the Wind spacecraft in November, 1994 to the Earth’s L1 Lagrange point as the inter-
planetary component of the Global Geospace Science Program within the International Solar Terrestrial 
Physics (ISTP) program. The spin stabilized spacecraft, with its spin axis pointing ecliptic north, carries 
eight instrument suites that provide comprehensive measurement of particles from solar wind thermal pop-
ulations to the solar energetic component, and of ýelds from DC magnetic to radio waves and ɔ-rays. All of 
the instrument suites continue to provide valuable scientiýc observations completely available to the public, 
with the exception of one of the ɔ-ray instruments (TGRS).

The Wind instrument suite provides comprehensive and also uniquely high time resolution in-situ solar 
wind measurements that enable the investigation of wave-particle interactions. Thus Wind science inves-
tigations will continue to constrain the theories of solar wind and energetic particle acceleration processes 
and focus the science objectives of the upcoming Solar Probe+ and Solar Orbiter missions. Once these new 
missions are launched, the high quality Wind in-situ observations will enable the connection of the 1 AU 
solar wind to its coronal source (see Figure 1.).

Moreover, Wind is the only near-Earth spacecraft equipped with radio waves instrumentation. Thus, to-
gether with its robust, multiply redundant solar wind observations, Wind is an ideal 3rd vantage point for 
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Figure 1. Wind will provide the 1 AU baseline for the upcoming Solar Probe+ and Solar Orbiter missions and 
serve as a 3rd point solar wind observatory enhancing the science return of the STEREO mission. [J. Rumburg]
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the STEREO mission. As the two STEREO spacecraft continue to increase their longitudinal separation 
from Earth reaching diametrically opposing positions from the Sun, Wind – located half way between them 
– will still continue to enable stereoscopic solar wind structure and radio triangulation studies (see Figure 1). 
Wind, together with SOHO, will also serve as a backup to one of the STEREO spacecraft.

Wind data have been critical to a wide range of studies from solar-heliosphere and heliosphere-magne-
tosphere connection to fundamental space research resulting in over 150 publications since the last Senior 
Review (only 2 years ago), listed on the Wind project Web page (wind.nasa.gov). The new results span 
all three heliophysics research objectives as described in the Science Plan for NASA’s Science Mission 
Directorate 2007-2016 and include the discovery of 1 AU signatures of a solar wind acceleration process, 
the understanding of energetic electron acceleration and the mapping of the complex internal structure of 
interplanetary coronal mass ejections (ICMEs).

Though some of the new results stem from Wind observations alone, most capitalize on multi-spacecraft 
measurements that treat all the heliophysics assets as a single great observatory. In fact, Wind team mem-
bers have been leading the development of the new, distributed heliophysics data environment, including 
the Virtual Heliophysics Observatory (VHO) that connects the elements of the Heliophysics Great Obser-
vatory into a single system.

Even though Wind is now more than 15 years old, the mission promises a host of new discoveries. The 
time period covered by this proposal includes the rise to the next solar maximum. Because of its longev-
ity, Wind observations will allow researchers to compare solar wind activity between solar cycles 22, 23 
and 24 without needing to compensate for changing instrumentation and calibration. With its ample fuel 
reserves, sufýcient for nearly 60 years, Wind will also continue to provide accurate solar wind input for 
magnetospheric studies (supporting MMS and RBSP) and serve as the 1 AU reference point for both inner 
heliospheric (MESSENGER, Solar Orbiter, and Solar Probe+) and outer heliospheric (Voyager, IBEX) 
investigations. Finally, Wind will continue to critically support other NASA missions, such as STEREO, 
RHESSI, ACE, LRO, SWIFT and Fermi.

The Wind science data products are publicly served directly from the instrument team sites. To aid the 
science user community, a single project web page has been developed with links to and descriptions of the 
large number of Wind data products (http://wind.nasa.gov). Wind is also an active participant in the devel-
opment of the VHO that will make data queries even more user friendly.

Finally, Wind also has a real-time space weather warning mode that currently is used only during the 
daily 2-3 hour long science telemetry downlink to DSN. The Wind mission operation team is evaluating 
the option of keeping this real-time data stream on continuously. While the Wind real-time telemetry does 
require large (~30m) ground antennas, it is an invaluable backup to the ACE space weather beacon.

Rationale for Continuing the Wind Mission

WindÅ	  continues to provide unique and robust solar wind measurements
WindÅ	  provides high time resolution measurements that can serve as the 1 AU reference for Solar 
Probe+ and Solar Orbiter.
WindÅ	  is a 3rd solar wind vantage point for STEREO providing a backup capability and the con-
tinued possibility of stereoscopic observations.
WindÅ	  and ACE together provide a reasonable probability of maintaining 24/7 near-Earth solar 
wind monitoring capabilities for NASA into the next decade.
WindÅ	  and ACE are complementary not identical. Thus both are needed to provide complete 
near-Earth, 1 AU baseline observations for current and future NASA deep space missions.
WindÅ	  still has redundant systems and instruments and enough fuel for 60 years.
WindÅ	 ’s scientiýc productivity remains high and its observations continue to lead to signiýcant 
scientiýc discoveries for all three research objectives of NASAôs SMD.

EXECUTIVE SUMMARY
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INRTODUCTION1. 

Historical Background1.1 
The Wind spacecraft was launched in Novem-

ber, 1994 as the interplanetary component of the 
Global Geospace Science (GGS) Program within 
ISTP.  Wind’s original purpose was (1) to make ac-
curate in situ measurements of interplanetary condi-
tions upstream of the magnetosphere to complement 
measurements made in the magnetosphere by Polar 
and Geotail and (2) to remotely sense interplanetary 
disturbances for possible future predictive purposes.  
The instruments were therefore designed to make 
highly accurate solar wind measurements.

After a number of years at the L1 Lagrange point, 
Wind performed a series of orbital maneuvers to take 
it to various scientiýcally valuable observational 
points. In 1999, Wind executed a number of magne-
tospheric petal orbits that took it to the rarely sam-
pled geomagnetic high latitudes. Between 2000 and 
2002, Wind moved further and further away from 
the Sun-earth line (and ACE) reaching 350  RE to 
the side in a distant prograde orbit. Finally, in 2003, 
it completed an L2 campaign taking the spacecraft 
more than 250 RE downstream of Earth and ~500 RE 
downstream of ACE to investigate solar wind evolu-
tion and magnetotail phenomena. Since 2004, Wind 
has remained at L1 where it will stay for the foresee-
able future.

Current Status1.2 
The Wind spacecraft continues to operate in good 

health. In 2000, the team successfully reconýgured 
the communications system to enhance the teleme-
try margin. Reliance on a single digital tape recorder 
since 1997 has never hampered operations, and the 
team took measures to minimize its use in order to 
extend tape recorder life as long as possible.   

Seven of the eight Wind instruments, includ-
ing all of the particles and ýelds instruments, re-
main largely or fully operational.  Speciýcally, the 
EPACT, high energy particle and SMS solar wind 
composition instruments suffered some degradation, 
but both continue to provide valuable measurements. 
The SWE electron instrument required some recon-
ýguration to maintain its capabilities and the TGRS 
ɔ-ray detector, well beyond its design life, has been 
turned off. For technical details see Section 4.2. All 
the other instruments operate nominally.  Thus, the 
net loss in capability remains minimal and the Wind 

instruments continue to provide deýnitive and con-
tinuous measurements of the solar wind.

The joint Wind-Polar-Geotail mission opera-
tion center resides at Goddard. However, with the 
retirement of the Polar spacecraft, maintaining this 
legacy system is no longer cost effective. Design 
and development work is almost complete for a new, 
combined Wind, ACE and TRACE multi-mission 
operations center (MMOC), also at Goddard, with 
an Operational Readiness Review (ORR) scheduled 
for the end of March, 2010. Further details of the 
MMOC are provided in the technical section of this 
proposal.

In conclusion, Wind is operationally healthy and 
continues to maintain a large fuel reserve, capable of 
sustaining the spacecraft at L1 for almost 60 years.

Unique Capabilities of 1.3  Wind
Wind’s complement of instruments was opti-

mized for studies of solar wind plasma, interplan-
etary magnetic ýeld, radio and plasma waves, and 
of low energetic particles.  It is by no means equiva-
lent to that on ACE. Rather, the two missions, by 
design, are very complementary. ACE - launched a 
few years after Wind - focuses on the detailed inves-
tigation of high energy particles for which Wind has 
limited capabilities. Therefore, several of the Wind 
solar wind, suprathermal particle, and especially ra-
dio and plasma wave instruments are unique. The 
Wind instrument capabilities are summarized in 
Table 1 and compared to ACE and STEREO. For 
solar wind, low energy particle and radio waves 
observations, Wind is the only near-Earth space-
craft that can match those provided by STEREO. A 
more detailed discussion of the unique Wind capa-
bilities follows in the next paragraphs. 

Collaborating with STEREO, Wind/WAVES pro-
vides an essential third vantage point along the Sun-
Earth line, allowing the unambiguous localization 
of inner heliospheric radio sources and the determi-
nation of their corresponding beam patterns. More-
over, the WAVES frequency coverage extends to the 
thermal noise regime, where it provides an indepen-
dent measurement of the solar wind electron plasma 
frequency. This quantity is directly proportional to 
the square root of the solar wind electron plasma 
density. Thus the density, normally obtained as a 
moment or ýt of the distribution function from SWE 
and 3DP, can also be accurately and independently 
derived from the WAVES instrument and used to re-
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ýne the calibration of the plasma instruments.
The Wind/3DP instrument detects solar energet-

ic particle events, in particular, impulsive electron 
events, from ~1 keV (sometimes ~0.1 keV) to ~400 
keV. Electrons in this energy range produce most of 
the þare hard X-rays detected and imaged by RHES-
SI (>3 keV). No instrument on any other space-
craft has the high sensitivity required for solar/he-
liospheric electron measurements from a few to 40 
keV.  In addition, the Wind electron measurements 
from 40 keV to ~400 keV are the most sensitive of 
any instrument currently operating, and only 3DP 
provides full 3D measurements. These are crucial 
measurements because solar electrons from ~0.1 to 

~100 keV are excellent tracers of the structure and 
topology of interplanetary magnetic ýeld lines. Fi-

nally, the 3DP 3-second high time resolution plasma 
observations are unequaled by any other spacecraft 
and are essential for microphysics studies.

With 3DP and SWE, Wind is the only spacecraft 
capable of measuring full 3D distributions of ions 
and electrons continuously from thermal plasma 
to MeV energies. A unique capability of the SWE 
Faraday Cup is its accuracy and stability even dur-
ing large solar storm events when other instrument 
types have difýculty making measurements.

Wind also carries unique solar wind composition 
instruments.  Currently, the STICS sensor, in the 
Wind/SMS suite, provides the only measurements at 
1AU of ion composition up to 200 keV/q.

Because of its great dynamic range, Wind’s en-
ergetic particle instrument (EPACT) has a proven 

Measurement Wind STEREO ACE Comments for Wind
DC Magntic 
Field

MFI
1/22 sec

MAG
1/8 sec

MAG
1 sec

Highest time resolution 
measurements

Radio and
Plasma Waves

WAVES
4kHz-14MHz

SWAVES
10kHz-16MHz

Low frequency measure-
ments to obtain Ǜ density

Solar Wind
Ions

3DP
moments: 3sec

distr.: 24sec
burst: 3sec

SWE
moments:92sec

PLASTIC
moments: 1min

SWEPAM
moments: 64s

Highest time resolution 
observations
Robust and redundant
observations under
solar storm conditions

Solar Wind 
Electrons

3DP - 3 sec
SWE - 9 sec

SWEA
2 sec

SWEPAM
128 sec

High time resolution
observations

Solar Wind
Composition

SMS/STICS
1ÒZÒ56

8-230 keV/Q

PLASTIC
1ÒZÒ56

~0.3-80 keV/Q

SWICS
1ÒZÒ30

0.5-100 kev/Q

Unique observations
for the >100 keV/Q
range

Solar Wind
Mass 
Spectrometry

SMS/MASS
2ÒZÒ28

0.5-12 keV/Q

SWIMS
2ÒZÒ30

0.5-20 keV/Q

Comparable to ACE
observations

Low Energy
Electrons

3DP
~0 - 400 keV

STE
~0 - 100 keV

SWEPAM
~0 - 1.35 keV

Unique coverage of
electrons up to 400 keV

Low Energy
Ions

3DP
3 eV-11 MeV

SEP/SEPT
60 keV-7 MeV

ULEIS
20 keV-14 MeV

Comparable
observations

High Energy
Particles

EPACT/LEMT
40 keV -

50 MeV/nuc

SEP
30 keV -

100 MeV/nuc

ULEIS/SIS
20 keV -

167 MeV/nuc

Robust, high geometrical 
factor directional
observations

Table 1. The measurement capabilities of Wind compared to STEREO and ACE. The table illustrates the comple-
mentarity of Wind and ACE. While at high energies ACE clearly dominates, for the thermal plasma, low energy par-
ticles and radio waves Wind is the only near-Earth spacecraft providing measurements that can match those obtained 
by STEREO.
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capability of measuring solar energetic particles 
(SEPs) during particularly enhanced solar storm 
conditions without the inherent saturation prob-
lems of other instruments. The EPACT Low En-
ergy Matrix Telescopes (LEMTs) cover an energy 
range for observing elemental abundances of SEPs 
that is just between that of ULEIS and SIS (both 
on ACE).  The EPACT/STEP instrument on Wind, 
although it does not have the isotopic resolution 
of ULEIS, does have comparable sensitivity and 
fast on-board identiýcation of elements from He to 
above Fe.  LEMT has a very large collection power 
and identiýes particle species and incident energy 
on-board at rates up to tens of thousands of particles 
per second.  This permits the observation of tem-
poral variations in elemental abundances on short 
time scales. Finally, due to Wind’s spin within the 
ecliptic plane and because of the instruments’ large 
ýeld-of-view, EPACT provides comprehensive SEP 
ion anisotropy measurements that are unavailable 
from any other spacecraft.

Heliophysics Great Observatory1.4 
Wind plays an active role in the Heliophysics 

Great Observatory (HGO). Wind achieved many of 
its recent scientiýc discoveries in collaboration with 
other spacecraft as described in more detail in the 
Science Accomplishments section below. However, 
the HGO is more than just the occasional compari-
son of data from multiple platforms. It is a data en-
vironment where such comparisons can be readily 
performed. As the Heliophysics Data Policy out-
lines, this data environment requires the presence of 
in-depth metadata for each data product based on 
a uniform standard (the SPASE dictionary). It also 
envisions the eventual connection of the current dis-
tributed data repositories by a number of virtual ob-
servatories enabling the location and downloading of 
the desired data. Wind plays a leadership role in the 
deployment of the Virtual Heliospheric Observatory 
(VHO), the heliospheric portion of this environment, 
and the generation of the corresponding metadata. 
Even though the VHO is not yet fully deployed, al-
most all Wind instruments already have VHO com-
pliant data services. It is expected that by the deliv-
ery date of the ýrst complete VHO (no more than 
two years from now), more Wind data with more 
description will be available through VHO than via 
traditional means. Moreover, since Wind has many 
well developed software libraries, Wind teams will 

also lead in the next phase of data environment de-
velopment: customizable data services.

Living With a Star Program1.5 
The Living With a Star (LWS) program seeks to 

better understand the Sun-Earth connected system 
with the aim of developing reliable space weather 
forecasting capabilities. The program architecture 
plan calls for a near-Earth solar wind monitor to con-
nect the solar (SDO) and inner heliospheric (Solar 
Probe+, Solar Orbiter and Sentinels) observations 
with geomagnetic ones (RBSP). However, NASA 
has no current plans for a new solar wind monitor-
ing mission, rather NASA assumes that Wind, ACE 
or both will survive into the 2012-2022 time frame. 
Because both Wind and ACE are well past their 
prime missions and design lifetimes, the lowest risk 
option to satisfy the near-Earth solar wind moni-
toring requirement of LWS is to sustain both Wind 
and ACE, either of which can satisfy the LWS mea-
surement requirements. Though we again point out 
that Wind and ACE are not duplicate spacecraft but 
rather serve complementary roles. Thus, the most 
prudent course of action involves preserving both 
spacecraft.

SCIENCE ACCOMPLISHMENTS AND 2. 
GOALS

Two of the great unanswered questions of helio-
physics are what heats the corona and accelerates 
the solar wind and what are the physical processes 
that produce Solar Energetic Particles (SEPs). Three 
upcoming missions are dedicated to resolving these 
outstanding issues: Solar Probe+, Solar Orbiter and 
LWS Sentinels. All of these new missions will head 
to the inner heliosphere where their observations 
will be signiýcantly limited by telemetry constraints 
and by the large solar heat þux that makes sunward 
pointed particle telescopes difýcult to operate. How-
ever, the solar wind carries to 1 AU telltale signs of 
its origin and of the critical processes that accelerate 
particles. Thus the uniquely high time resolution and 
4ˊ, full sky comprehensive ýelds and particles obser-
vations of Wind have resulted in a steady stream of 
discoveries during the past years constraining solar 
wind and SEP theories and models. In collaboration 
with STEREO and ACE, Wind has also signiýcantly 
contributed to our understanding of ICME structure 
and the global properties of the heliosphere during 
the current unusually long solar minimum.  Finally, 
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Wind remains a critical source of solar wind input 
for Earth magnetospheric studies. In this section, we 
highlight recent Wind discoveries organizing them 
along the three heliophysics research objective ar-
eas. Moreover, we demonstrate that as a result of 
newly developed theories and models, and due to 
improved instrument data production and analysis, 
Wind will continue to contribute signiýcantly to new 
discoveries and understanding of the origin and 
structure of the solar wind and of the acceleration 
and modulation of SEPs. Our detailed science plans 
for the 2011-2014 period are outlined at the end of 
each science subsection.

HELIOPHYSICS OBJECTIVE #1: Funda-2.1 
mental Physical Processes

The ýrst heliophysics research objective, as ar-
ticulated by the Science Plan for NASA’s Science 
Mission Directorate 2007-2016, is to understand 
the fundamental physical processes of the space en-
vironment from the Sun to Earth. Wind observations 
were key to making progress in two of the focus ar-
eas of this objective: (1) understanding the plasma 
processes that accelerate and transport both the solar 
wind and energetic particles; and (2) understanding 
magnetic reconnection.

Understanding the origin and acceleration 2.1.1 
of the solar wind

Even ýfty years after the supersonically expand-
ing solar wind was discovered, the fundamentals 
of how the extended corona of the Sun is heated 
and accelerated remain unknown. Current theories 
on how energy is þowing from the solar surface to 
the corona rely on various forms of collisional cou-
pling or on the dissipation of large amplitude Alfvén 
waves and turbulence that result in particle heating 
[e.g., Verdini and Velli, 2007]. Even though most 
of the solar wind acceleration takes place within 
a few solar radii from the Sun, many signatures of 
the physical processes at work remain detectable at 
1 AU. Wind has made signiýcant progress identify-
ing these signatures.

(1) Solar wind Helium temperature anisotropy
Solar wind acceleration models of wave dissipa-

tion through resonant scattering postulate that waves 
couple to heavier ions depending on their mass, 
charge and relative speeds increasing their tempera-
tures. These models inherently require a multi-þuid, 

anisotropic description of the solar wind plasma [e.g., 
Hernandez et al., 1987; Cranmer et al., 1999]. After 
many years of development, the Wind Solar Wind 
Experiment (SWE) team was able to determine not 
only the independent solar wind proton and alpha 
temperatures but also their anisotropies ýtting sepa-
rate bi-Maxwellian distributions to the proton and 
alpha peaks [Kasper et al., 2006, 2007]. Figure  2 
shows the occurrence rate of the various values of 
alpha over proton temperatures collected through 
the entire mission. Strict temperature equilibrium 
required by a single-þuid plasma description would 
yield a ratio of 1. While the observations clearly 
peak at this value, there is a signiýcant secondary 
peak that violates energy equipartition. Moreover 
TŬ/Tp values over 5 (shaded gray) imply a heating 
mechanism that couples to individual particles rath-
er than to the whole solar wind ensemble. One such 
mechanism involves large amplitude Alfvén waves 
in the core proton population propagating outward 
from the Sun  and coming into cyclotron resonance 
with the various minor ions (such as alpha particles). 
This resonance transfers energy from the wave to 
the minor ions preferentially heating the particles 
perpendicular to the local magnetic ýeld. This pro-
cess is only efýcient if the minor ions, that tend to 
travel faster than the protons, slow down to nearly 
the speed of protons. Kasper et al. [2008], using the 
newly processed Wind proton and alpha data, has 

Figure 2. The relative occurrence of the alpha over proton 
temperature ratio, TŬ/Tp in the solar wind over the course 
of the Wind mission, illustrating the bimodal nature of the 
dominant components of the plasma. For 23% of the ob-
servations TŬ/Tp > 5, indicating anomalous heating be-
yond the already unusual equilibration of thermal speeds. 
[Kasper et al., 2008].
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shown that indeed the perpendicular temperature of 
the alphas are signiýcantly enhanced for collision-
ally young parcels of solar wind when their differ-
ential þow is very small (see Figure 3). This seminal 
result provides experimental evidence at 1 AU for 
a particular wave dissipation solar wind accelera-
tion theory. The signiýcance of this work was rec-
ognized in a featured Viewpoint article in Physical 
Review Letters [Bale, 2008].

(2) Non-Thermal Solar Wind distributions
Another signature of the processes accelerating 

the solar wind plasma is the frequent non-Max-
wellian features of the thermal ion velocity distribu-
tion functions [e.g., Tu et al., 2004; Goldstein et al., 
2000]. In particular, a secondary proton beam, well 
separated in velocity from the core, is pervasive in 
the fast solar wind, which is collisionally young 
[Marsch et al., 1982]. It is occasionally also ob-
served in the slow solar wind [Marsch, 2006]. The 
beam is characterized by a differential þow on the 
order of the Alfvén speed relative to the core, orient-
ed along the local magnetic ýeld direction. Recently, 
Stevens et al. [2009] developed a new technique that 
allows the nonlinear ýtting of multiple proton and 
alpha components of the Wind Faraday Cup obser-
vations. Applying this technique to the 15 years of 
Wind observations, they have found a secondary pro-
ton beam of Alfvénic nature in about one percent of 
cases, and a non-Alfvénic, warm second component 
in four percent of all spectra (see Figure 4). These 
non-thermal structures are clear ýngerprints of ki-
netic processes that accelerate the solar wind, but 

their exact origin and nature is not well understood 
at this time. This new Wind Faraday Cup ýtting pro-
cess and large data set allows the characterization 
of these secondary populations as a function of the 
various solar wind properties constraining the theo-
retical models that seek to explain their presence.

(3) Wave-Particle Interactions in the Expanding So-
lar Wind

After the initial acceleration of the solar wind to 
super-Alfvénic speeds, the physical processes that 
regulate the expansion of this plasma include adia-
batic particle motion, plasma instabilities and binary 
particle collisions. As the solar wind streams away 
from the Sun, it expands decreasing the plasma den-
sity and magnetic ýeld magnitude. The plasma tem-
perature perpendicular to the magnetic ýeld would 
also be expected to drop, with the parallel compo-
nent staying nearly constant, leading to extremely 
large temperature anisotropies. This, however, is 
not observed at 1 AU and beyond. Theory predicts 
that Coulomb collisions and pressure-anisotropy in-
stabilities act to pitch-angle scatter the plasma back 
towards isotropy [Eviatar and Schultz, 1970]. Us-
ing over a million independent measurements of 

Figure 3. The ratio of the perpendicular component of 
the ion temperatures as a function of the collisional age 
Ac and ȹVŬp/CA, the differential þow between the two 
species normalized by the local Alfv®n speed. [Kasper et 
al., 2008]

Figure 4. A 2D histogram of secondary ion compo-
nents from the new Wind Faraday Cup ýts. The density 
of points is plotted as a function of the differential and 
thermal speeds, normalized to the local Alfvén speed. 
The distribution is clearly bimodal. Spectra near the slow 
and hot peak are considered halo-like, and the spectra 
near the cold and fast one are beam-like. Overlaid are 
two examples of the new, multi-component distribution 
functions (black contours). The original, single compo-
nent ýt results are shown in green. Red dashes identify 
the secondary component alone and the blue arrows in-
dicate the concurrent magnetic ýeld direction. [Stevens 
et al., 2009]
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the solar wind proton temperature anisotropy and 
gyroscale magnetic þuctuations detected by Wind, 
Bale et al. [2009], showed for the ýrst time obser-
vationally that magnetic þuctuations are indeed en-
hanced along the temperature anisotropy threshold 
of the mirror, proton oblique ýrehose and ion cyclo-
tron instabilities. These enhanced magnetic þuctua-
tions serve to redistribute energy in the solar wind 
and maintain an isotropic distribution. This explains 
how the non-collisional thermal solar wind can pos-
sess an isotropic distribution function, normally a 
hallmark of collisional gases. This observational 
result is key to understanding the evolution of the 
solar wind from near the Sun to 1 AU and beyond.

Future Plans:
A number of new Wind data products (such as 

separate alpha and multi-component proton beam 
ýts) that will enable further research into the origin 
and acceleration of the solar wind became publicly 
available recently. In addition, the newly recalibrat-
ed SWE electron and 11 vector/second magnetic 
ýeld data provides the necessary high time resolu-
tion measurements required to investigate wave-par-
ticle interactions and wave dissipation mechanisms. 
Furthermore, we are in the process of developing a 
standardized format for the description of particle 
distribution functions. This will enable the wider 
scientiýc community to have easy access to the ki-
netic description of the solar wind plasma.

Understanding reconnection in the solar 2.1.2 
wind

Besides dissipation of large amplitude Alfvén 
waves, particle collisions and turbulence, magnetic 
reconnection in the form of nano-þares is the most 
likely mechanism to heat the solar corona. While the 
nano-þares clearly take place low in the corona, the 
same physical mechanism can be studied at 1 AU in 
the solar wind [Gosling et al., 2005]. The high time 
resolution Wind thermal plasma and magnetic ýeld 
observations have been particularly critical in mak-
ing progress in this ýeld.

(1) The physics of low-shear reconnection in the so-
lar wind

One of the telltale signs of reconnection in the so-
lar wind is a reconnection exhaust that is embedded 
in the solar wind þow and is convected past a space-
craft on a variety of time scales. Multi-spacecraft 
observations revealed extremely long reconnection 

X-lines at 1 AU extending hundreds of Earth radii 
[Phan et al., 2006; Gosling et al., 2007a, b; Phan 
et al., 2009]. However, all extended X-line events 
reported so far were found in large (>70Á) mag-
netic shear current sheets where the reconnection 
exhausts are wide. Reconnection models predict 
that, closer to the Sun, strong guide-ýeld, low-shear 
reconnection events dominate. Recent high time 
resolution Wind observations led to the discovery 
that even at 1 AU low magnetic shear (thus much 
narrower) reconnection exhausts are far more com-
mon than the wider, high shear ones [Gosling et al., 
2007c; Gosling and Szabo, 2008]. This discovery 
allows us to start studying this critical solar wind 
heating mechanism even before the launch of the 
Solar Probe+ mission.

(2) Local characteristics of reconnection exhausts
The Wind high time resolution observations also 

led to a number of discoveries concerning the nature 
and characteristics of the reconnection exhaust it-
self. Multiple reconnection exhausts were observed 
within magnetic clouds, including some at very 
small (< 15ę) local ýeld shear angles, and apparently 
bifurcated current sheets (a common signature of a 
reconnection exhaust) on spatial and temporal scales 
too small to be resolved even by the 3-second Wind 
plasma measurement but visible by the 11 vectors/
second Wind magnetic ýeld observations [Gosling 
and Szabo, 2008]. Eriksson et al. [2009] have found 
þow shear effects on top of the magnetic signatures 
of the exhausts on opposite sides of a reconnection 
X-line, and Lavraud et al. [2009] identiýed suprath-
ermal electron signatures of an extended separatrix 
region in an exhaust observed on the sunward side 
of the heliospheric current sheet. Moreover, Wind 
observations were also key in the understanding of 
the prevalence of extended reconnection X-lines in 
the solar wind and the near planarity of virtually 
all reconnection exhaust boundaries [Phan et al., 
2009].

(3) Electron acceleration near the Sun due to recon-
nection

Besides directly observing reconnection events at 
1 AU, Wind also allows the remote observation of 
coronal reconnections by measuring the accelerated 
particles. Comparison of Wind measurements of en-
ergetic electrons in solar impulsive events with the 
electrons producing the þare hard X-ray emissions 
at the Sun observed by RHESSI provides unique 
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information on the energetic electron acceleration 
and escape processes. For prompt events (where 
the injection of the electrons at the Sun, inferred 
from their velocity dispersion, is simultaneous with 
the X-ray bursts) a close correlation was found be-
tween the power-law exponents of the spectra of the 
electrons at 1AU and those of the X-ray producing 
electrons. For delayed events, however, this correla-
tion does not exist. This suggests a common source 
for the þare-accelerated electrons and the escaping 
electrons for prompt events, and likely two different 
electron populations for the delayed events [Kruck-
er et al., 2007].  For prompt events, RHESSIôs X-
ray imaging together with TRACE imaging of lower 
temperature plasmas show accompanying jets con-
sistent with reconnection of an open ýeld line with 
a closed loop (inter-change reconnection). However, 
for the same prompt events, a simple model, where 
the electrons observed at 1 AU escape directly from 
the acceleration source while the downward going 
accelerated electrons produce the X-rays while los-
ing all their energy to collisions in the dense lower 
solar atmosphere (‘thick target model’), does not 
ýt. Some additional acceleration of the downward-
propagating electrons may be occurring. If mag-
netic reconnection does the initial acceleration, the 
downward-propagating electrons are possibly fur-
ther accelerated by Fermi and betatron processes 
as the newly closed ýeld line becomes more dipo-
lar. Another possible explanation of the observed 
spectral correlation is re-acceleration where a rather 
faint electron beam accelerated in the corona acts 
as the seed population for a second acceleration oc-
curring in the chromospheric footpoints [Brown et 
al., 2009].

(4) Periodic solar wind density þuctuations
Even the thermal solar wind ions carry possible 

signatures of coronal reconnection. In a recent study 
using 11 years of solar wind observations from the 
Wind spacecraft, Viall et al., [2008] showed that 
periodic proton density structures occurred with 
preferred wave-lengths. During these intervals of 
signiýcant periodic density þuctuations, the solar 
wind velocity remained relatively steady while the 
magnetic ýeld variations broadly maintained the 
structures in pressure balance, suggesting that these 
were static, convecting structures rather than propa-
gating waves [Kepko et al., 2002; Kepko and Spen-
ce, 2003]. Further analysis of the alpha and proton 

abundance ratio revealed a strong anti-correlation 
between these two solar wind components [Viall et 
al., 2009]. Since the composition of the solar wind 
cannot be easily modiýed during transit, this result 
implies a coronal origin for these þuctuations. One 
possible explanation is that the density variations 
are signatures of periodic reconnection at the tip of 
helmet streamers releasing solar wind parcels with 
the alpha component gravitationally settling and 
thus being delayed compared to the proton streams. 
[Endeve et al., 2005].

Future Plans:
Because of the high temporal cadence of the Wind 

plasma measurements, the Wind observations will 
play a central role in almost all studies of reconnec-
tion as it occurs in the solar wind for the foreseeable 
future, including long-term studies associated with 
the advance of the solar activity cycle. The solar 
wind measurements are particularly important since 
they provide a unique laboratory to study details of 
the overall reconnection process on spatial and tem-
poral scales unavailable anywhere else. In particu-
lar, the newly developed multi-beam proton ýtting 
of the Wind/SWE data providing non-Maxwellian 
distributions that contain the ýngerprints of heating 
processes in the solar wind and in the corona, will 
allow the detailed investigation of reconnection ex-
hausts. Counter-streaming protons can provide in-
situ evidence of plasma interpenetration at magnetic 
reconnection exhaust sites, yielding insight into the 
þow diversion mechanism in those structures. Dur-
ing the rising phase of the new solar cycle, it is ex-
pected that the rate of observed reconnection events 
will signiýcantly increase enabling the detailed 
study of this critical physical process.

Understanding the acceleration and trans-2.1.3 
port of solar energetic particles

The acceleration of solar energetic particles is 
also not a well understood phenomenon. Collision-
less shock waves are a topic of considerable rele-
vance due to their ability to efýciently heat and/or 
accelerate charged particles via energy dissipation. 
Proposed energy dissipation mechanisms include 
wave dispersion [Mellott and Greenstadt, 1984], 
particle reþection [Edmiston and Kennel, 1984; 
Kennel, 1987], and anomalous resistivity due to 
wave-particle interactions [Gary, 1981]. However, 
the relative importance of the various mechanisms 


