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PREFACE

This book presents a brief description of the Helios mission, its
experiments, and a summary of the results of each investigation up through the
summer of 1979. A bibliography of the major papers published by each
investigation team is included. This bibliography is most {important, since
the investigator results have been published in a diverse collection of
journals and bcoks.

At this point, the Hellos solar probe missions are clearly a large
success. The spacecraft and all the experimeats have performed well for years
beyond thelr design lifetimes. Both spacecraft were launched during a very
qulet solar minimum. For the first 18 months, the investigators received data
which allowed an excellent characteri.ation of space in the inner solar system
during quiet times. We are now well into the solar maximum phase, and the
conditions in our inner solar system have markedly changed. Active phemonena
are often observed at the rate of several per day, versus one a month in 1974.

One cannot stress enough the Importance of the fact that these missions
allowed the observation of solar and galactic phenomena with the same
experiments from solar minimum through solar maximum at a large variety of
solar azimuths and elevations with respect to the Earth. Of particular
interest are the data at and behind the west 1limb ot the Sun.

It"s obvious that the managers, engineers, scientists and contractors did
an excellent job on the sgpacecraft and experiments. It 1is also very obvious
to the exper_menters that the mission controllers and data processing
personnel at the German Space Operation Center, the Jet Propulsion Laboratory
and the Goddard Space Flight Center have performed in an outstanding fashic
for more than 5 years. We gratefully acknowledge their contributions and
share 1in their success.

James H. Trainor
Project Sclentlist, NASA
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A Short Review of the
Overall Scientific Tasks and of
Some General Principles of

HELIOS

Herbert Porsche
Project Scientist, DFVLR

The two Helios probes (Fig. 1), launched December 10, 1974, and January
15, 1976, by Titan IIIE/Centaur D1T/Te~364/4 rockets, were built as a joint
venture of the United States of America and the Federal Republi- of Cermany.
The overall scientific task was the investigatlion of the innermost regilons of
interplanetary space. Thus, the two probes were the first, and hitherto only,
space vehicles approaching the Sun as close as 0.31 AU and 0.29 AU,

respectively.

The payload of each of the two probes consists of the experiments

decribed in the following chapters by the 1investigators themselves.

The payload can be divided into three groups of experiments representing

three main research filelds:

(1) plasma experiments (Experiments 1 through 5) for the observation and
investigation of the particles and fields of the solar~interplanetary plasma
(protons, alpha particles, electrons, magnetic and electric fields and their

fluctuations;

(2) cosmic ray experiments (Experiments 6 through 8) for the study of
characteristics of solar and galactic cosmic rays, including an X-ray monitor

and (on Helios~2 only) a gamma-ray burst experiment; and

(3) micrometeorite experiments (Experiments 9 and 10), to remotely
investigate the interplanetary dust by an optical system, as well as in situ

by a particle detector and analyzer.

To supplement the on-board experiments, Helios is involved in some

passive investigations, as well:

(1) a celestial mechanics experiment for the study of relativistic

effects (Experiment 11), and
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(2) coronal sounding (Experiment 12) by investigating the Faraday
rotation of the S-band signals of the two probes wherever one of them 1is In an
ortital constellation near superinr conjunction, and by analyzing time delay

effects, including Doppler and DRVID.

The two probes have highly eccentric heliocentric orbits (Fig. 2). The
orbital period ifs 190d for HE-l1 and 186d for HE-2. Due to the distance
variation of a factor of 3, the orbital velocity varles also by a factor of
3. This results in a very high a:gular velocity of the probes in the
perihelion regions. However, vihiereas the relative angular velocity between
the Sun’s rotation and the Earth’s revolution is about 2.4 » 107° sec—l, it is
only half as large between the Sun and Helios in its perihelion regions. 1In
other words, in the perihelion regions Helios is not only closer to the Sun by
a factor of 3 compared to the Earth, but 1is also relatively slower, as seen
from the Sun by a factor of 2. This improves the ability to discriminate
between temporal and spatial solar structures. However, this 1{s only valid
for the azimuthal motion of the two spacecraft; the axis of the Sun is
inclined by about 7.5 degrees to the normal of the ecliptic. This causes a
latitudinal motion of the spacecraft with respect to the Sun. The respective
velocity of the Earth is nearly constant. By chance, the angle between solar-
ecliptical mode and the line of apsides of HE-l is only about 4°; tnerefore,
the latitudinal velocity of HE-1 1s very high in the perihelion phase (Fig.
2). The maximum value is 0.9° per day. Within 17 days during the perihelion
phase, the latitudinal change 1is 12°; therefore, Helios 1s a sensitive tool
for latitude-dependent solar phenomena, in spite of 1its ecliptic orbit.

Both Helios spacecraft were launched in the outgoing phases of Solar
Cycle 20. The ruling state during the primary mission was that of sunspot
minimum condition. From the end of 1976 on, the sunspot number has
continuously increased. This increase is considerably steeper than the
preceding Cycle 20; therefore, an extremely high solar maximum has been
predicted for late 1979 through early 1981.

Since both Helios spaecraft are alive and in good condition, they offer
the unique opportunity of investigating the state and the dynamics of solar
interplanetary space over almost one full solar cycle. The cycle has turned
out to be one of the most interesting observed since the end of the 18th

century.
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Fig. 2. Projections on the ecliptic plane for the first orbits of
Helios-1 and =2. The orbits of Earth, Venus and Mercury are shown,
as well as the solar latitude of the Spacecraft as a function of
subsolar azimuth.

Because of the very good ground station coverage, combined with the use
of on-board memory (at very low bit rates), an almost continuous data stream
can be achieved. This data set should be completed with similar comprehensive
data of interplanetary phenomena during solar maximum in order to contribute

to a better understanding of solar-terrestrial relationships.

Many cooperative programs are planned involving Hellios for as long as at
least one spacecraft performs. The Helios experimenters are cooperating with
the SCOSTEP (Scientific Committee on Solar Terrestrial Physics), especially
during the so-called STIP “ntervals (Study of Traveling Interplanetary
Phenomena). For the Solar Maximum Year, cooperative programs have already ¢
been negotiated with SMM (Solar Maximum Mission) providing the spacecraft

remain in good shape and data recovery continues.



In addition to the research work done by the Hellos investigators
themselves, the data obtailned by Hellos are used world-wide as reference data

in interplanetary research of missions such as ISEE and SMM.
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THE PLASMA EXPERIMENT ON HELIOS (E 1)

P.I.: Dr. Helmut Rosenbauer, Max-Planck-Institut far Aeroromie (MPAE),
Katlenburg-Lindau, West Germany

Co-1’s: Dr. Rainer Schwenn, MPAE

Dr. Bernhard Mey.r, Max-Planck-Institut fur Physik und Astrophysik,
Institut fur Extraterrestriache Physik (MPE), Garching, W. Germany

Dr. Hans Miggenrieder, now at Landesamt fur Umweltschutz, Munich,
West Germany

Dr. John Wolfe, Ames Research Center, Moffett Field, California,
U.S.A.

A. Short Description of the Instruments and their Primary Purpose

The Plasma Experiment aboard the Helios solar probes consists of four
independent instiuments designed to investigate the interplanetary plasma, the
so-called solar wind; primarily, the velocity distribution functions of the
different kinds of particles are measured. All important hydrodynamic
parameters of the solar wind plasma can then be derived. These measurements
at varying distances from the Sun are suppying new data which will support and

improve our understanding of solar wind expansion.

Three instruments analyze iLhe positive components of the solar wind
(protons and heavier ions with energy-per-charge values from 0.155 to 15.32
kV). Two of them allow for an angular resolution in both directions of
incidence. One instrument measures electrons in the energy ranze from 0.5 to

1660 eV with a one~dimensional angular resolution.

Since the launches in December 1974 and January 1976, respectively, all
the instruments, which are partially novel developments, perform very well on
both probes. There is no degradation of any detector yet; a partial
malfunction in the electron instrument on Hellos~2, starting after 18 months
of operation, 1s of minor importance. We see an excellent chance for the

instruments to work well through the upcoming solar activity maximum. .



B. Highlights of the Results

(1) Structures in the Solar Wind

During the declining part of the past solar cycle, the solar wind
stream structure was governed by two big high-speed stream systems which
remained remarkably stable for many solar rotations in 1974 and 1975. They
emerged from equatorial extensions of both polar coronal holes which were
detected during the Skylab mission in 1973/74. During the first approach of
Helios-1 to 0.3 AU in early 1975, we found from direct comparison with data
simultaneously measured from the TMP-7 and -8 Earth satellites that the
leading edges of fast streams appear much steeper at 0.3 AU than at 1 AU.
This {s {n coantrast to current theoretical md>dels. 1In addition, we could
prove that there are also very sharp latitudinal stream boundaries.
Obviously, fast streams are separated from slow plasma on all sides by thin
boundary layers at 0.3 AU. This suggests that there exist different
acceleration processes for slow and fast stream plasma with no 1intermediate

stages close to the Sun.

Nearly continuous data from the Helios-1 and -2 double mission,
combined with similar data from Earth satellites and other space probes
(Pioneers, Voyager 1 and 2), give us a unique opportunity for studying stream
evolutions in interplanetary space. Thus, we could quantitatively show how
stream fronts are deformed and deflected. We found significant deviations
from purely radial flow. Based on a quantfitative analysis, we could even
predict in a few cases the arrival of stream fronts at the Earth and thelr

assoclated geomagnetic disturbances with an accuracy of a few hours.

A speclal collaboration between Helios and Voyager experimenters on
some events in November 1977 revealed some new aspects which otherwise might
have been overlooked. A small corotating fast stream originating in a coronal
hole was observed as it moved from 0.7 to 1.6 AU. The stream interface and
the extraordinary shockwave in front of it corotated from 0.7 to 1.6 AU,

persisting even though the stream itself had dissipated at 1.6 AU.

(2) Radial Gradients of the Plasma Parameters

Eight radial line-up constellations between Helios-1 and -2 occurred
in the years 1976 and 1977. From the short periods of "plasma line-ups," when

the plasma seen from the inner probe also encounters the outer probe, radial



gradients of the plasma parameters could be obtained directly. We found

significant differenzes in the average gradients bhetween the slow and the fast

_]_)’

solar wind: In the slow plasma (up to 400 kms the flow speed v_ Increases

by (52%11) kms ™1 per AU and the proton temperature Tp decreases as 1?2

{.e. nearly adiabatically. In the fast plasma Vo remains nearly cons: . L, Jana

T_ decreases as r'0‘69t0'08.

P
shape of the distribution functions and thelr changes with radial distances,

Further differences are found in the gernieral

as well as in the properties of the :-particle component.

This analysis 1s now generally being confirmed by statlstical
methods using all the available data. The whole set of observations supports
the hypothesis mentioned above that the solar wind might be a two-state
phenomenon, with possibly two different acceleration mechanlsms.

(3) Three-dimensional Velocity Distribution Measurements of Solar
Wind Protons

The main instrument for positive 1ons, with 1ts resolution of energy
and both angles of incidence, allows the analysis of the full proton
distribution function in an unprecedented way. We found that in high-speed
streams there 1S a pronounced temperature anisotropy characterized by a higher
temperature perpendicular to the local magnetic field rather than parallel to
{t. This effect, which has been interpreted as a signature of waves affecting

the protons, is even more distinct close to the Sun.

Often a bulge, or even a second hump, in the distribution can be
detected. Its velocity relative to the main peak 1is always directed along the
maynetic field and seems to be closely related to the local Alfven speed. The
octurrence of this bulge seems to be well-correlated with the excitation of
ion-acoustic noise which 1s d tected by the Helios wave experiments. A plasma
physical stability analysis was carried out showing that the observed type of
distribution functions is, indeed, marginally unstable versus the ion acoustic

wave mode.

(4) Solar Wind a-particles

The Helios instruments combine high resolution and sensitivity with
low background noise. This makes it possible for the first time to measure
the velocity distributions in three dimensions even for a-particles, although

their content in the solar wind is only 42. There was a tendency found for

»
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the x-particles to be faster than the protons in high-speed plasma. The speed
difference 13 always aligned with the magnetic field and has the value of the
local Alfven speed which can reach values up to 300 km/s close to the Sun. It
seems that the a-particles move through the proton "fluld" with the phase

speed of the Alfven waves, similar to a surfer in front of ocean waves.

(5) Interplanetary Shock Waves and Discontinuities

Along with solar activity, the number of solar flares producing
interplanetary shocks increased significantly after the broad activity minimum
in the summer of 1976. Some of them are of particular interest for the study
of shock propagations and interactions, as well as thea acceleration of
particles along shocks, since they were observed from several spacecraft
spread between 0.3 and 3 AU. We are participating in several international
study groups concentrating on some spectacular events in late 1977 and early

1978.

The new snlar cycle 1is apparently starting off quite lively,
providing us a series of flare and shock events for which a unique data
coverage from several spacecraft is available. This might bring us towards a
better understanding of flare phenomena and their interactions with the

interplanetary medium.

C. Outlook on Possible Results during Solar Max{imumn

Since the delayed end of the old solar cycle in late 1976, the solar wind
stream structure did change significantly. No longer are stable, broad, high-
speed streams observed corotating in a stationary manner for more than one or
two solar rotations, as they were in 1975/76. Now the structure is apparently
broken up and scattered in many minor irregular streams. It has always been
an unsolved problem what the influence of solar activity on solar wind
expansion might be. Up to now no correlation of average solar wind parameters
with solar activity could be proven, although there (s the well-known
modulation of cosmic ray intensities during the solar cycle which somehow have
to be coupled to the solar wind. It may well be chat it is not the average
solar wind, but the diffecence in stream structure and interplanetary
interaction processes that connects solar activity with cosmic ray
modulation. The Helios mission could provide us a set of data covering the
declining part of a solar cycle, the minimum, the onset of the new solar

cycle, and possibly even its maximum. This data set is unique not only
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because of the Hellos orbits: One should note there are nearly wo gaps {n the
data (in terme of one-~hour averages) because of excellent ground station
support which can be maintained mainly through the DSN 26 m stations and the
Weilhetlm 30 m station. 1In addition, due to the thorough use of the on-board
memor{es, any statfon gap can be covered at lower bit rates. For the flrst
time, continuous data during sclar minimum and maximum can be obt:iined using
1denttical instruments. Thus, the persistent prohlem of f{ntercallbrating

different {nstruments of different exparimenters can be avolded {ia this case.

The upcoming solar maximum will be t tople of a bilg International
cooperative effort which unites sclentists of a broad varlety of disciplines
during the "Solar Maximum Year" (SMY) from August 1379 to February 1981. One
out of three subprograms of SMY i{s the Study of Travelling Interplanetary
Phenomena (STIP), which was established in 1973. Several special perlods for
STIP were selected based upon unique opportunities generated by fortunate
interplanetary constellations of the Hellos probes and other spacecraft. The
results look premising. This will intensify the activitie, of STIP during
SMY, and the sclentific community {s looking forward to both Heli®s probes

participating as long as possible.
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CALCULATION OF THE DISTURBANCES
OF THE 10W ENERGY ELECTRON MEASUREMENTS (E1-Z)

P.T.: G.~H Voigt
Co-1’s: U. Isensee and M. Maassberg

Angewandte Geophyslk, Angewandte Physik, Technische Hochschule
Darmstadt, Darmstadt, West Germany.

Introduction

The measured spectra (El) of the low-~energy solar wind electrons are
disturbed iy potentlals in the vicinity of the Helios spacecraft and partially
superposed by photoelectrons. The measured energies of the solar wind
electrons are shifted by the spacecraft potential which can be estimated from
the spectra only in some sgpecial cases; therefore, theoretical models have
been developed to describe the interaction between the plasma and the Hellos

spacecraft.

The measurements of the solar wind electrons with low energies are
disturbed by the spacecraft. There are e'ectric fields in the vicinity of the
spacecraft and a potential difference between the instrument (U;) and the
distant undisturbed solar wind plasma (Up = 0). Consequently, all solar wind
electrcns counted by the electron instrument have been accelerated by these

fields aud are observed with a shifted emergy E; = E  + e(Ug).

p
Figure 1 gives an example of these observed spectra. 1In this case, the
spacecraft potential U, is positive, so that no solar wind electrons have been

counted with energies below e(U;).

Another problem arises from the emission of photoelectrons from the
surface of the spacecraft. Some of these photcelecrons are directed into the
instrument and result in great count rates in the corresponding low-energy

channels. In Figure 1, photoelectrons are observed when the instrument is on

-

the {lluminated part of the Helios probe. .

The most important conditions fnr the interpretation of the measured

spectra arc:




13

/ N
/ Lo | ———— e ’;,/C € C
//ﬁs E ,’\ D //‘\ * [*\
;// \ % "{ ~._C p 7 ;“ E D
. oo G UTUR VORI SV SRS S e £ ST e TTL L L [ s

Fig. 1. Orthogonal profiles of the electron distribution F(v).
The measured values of F(v) are plotted *ogether with a fitted
Maxwellian, which is zero for energies below the spacecraft
potential.

(1) the knowledge of the spacecraft potential, Ug, and

(2) the capability to separate the energy reglon where photoelectrons

are measured from the domain of the solar wind electrons.

In some special cases, these items may be deduced from the data. 1In
general, however, they are not known. Therefore, theoret al models had to be

developed to describe the interactions between the plasma and the Helios

spacecraft.

Calculations of these effects must be based on the nonlinear Vlasov-
Polsson-system of partial differential equations for collisionless plasmas.
Steady-state solutions require the condition that the electric currents on the
surface elements produced by the various plasma components are compensated.

This compensation results in the floating potential for each surface element.

Although it 1s not possible to obtain a self-consistent solution for the
complex geometry and surface properties of the Helios spacecraft, the dominant

features can be estimated by means of simplified models.

Such a model can be treated with the numerical plasma simulation (Fig. 2)
in order to obtain the potential in the vicinity of the probe (Fig. 3).
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Fig. 2. A "snapshot" from a computer simulation run. Each dot
glves the position of a simulation particle representing

approximately one million photoelectrons emitted from the fro-~
(left side) of the probe. The photoelectron density exceeds the

solar wind density in the near surroundings of the spacecraft.

B * ) *%&Sﬁ* RN %%%X? R }‘. iy
10m T

Fig. 3. Potential in the vicinity of the probe (perspectivic
representation). The dense photoelectron cloud (c.f. Fig. 2) and
the wake behind the spacecraft produce potential barriers around
the probe, where the potential is lower than the spacecraft
potential. This effect is important for the disturbance of the
measurements.
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This {llustration demonstrates potential barrlers around the probe which are
produced mainly by the photoelectron cloud. Near the perihelion of the Helios
orbit, the effects of the potential barrier and the photoelectron cloud become

dominant:

(1) The energy range of the measured photoelectrons is limited by the
potential barrier instead of the spacecraft potential Ug (Fig. 1).

(2) P Jtoelectrons are observed even at the shadow side of the

spacecraft.

(3) The photoelectron current leaving the probe is determined by the

barrier, even if the spacecraft potential is negative.

The electric fields in the vicinity of the spacecraft lead to
disturbances of the electron distribution to be measured. By means of the
potential resulting from the model calculations, the disturlances of a given
distribution can be computed and compared with the measured spectra. The
example in Fig. / shows that it is possible to reproduce the essential effects
using theoretical models. Together with the interpretation of the data these
models lead to the understanding cf the modifications of the plasma by the

Helios spacecraft.
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31
x X nx log(F/Fmax)
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Fig. 4. Comparison of measured (*) and calculated (solid lines)
spectra.
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SCIENT1FIC RESULTS OBTAINED BY THE
HELIOS TECHNICAL UNLIVERSITY OF BRAUNSCHWEIG FLUX-GATE (E 2)
AND SEARCH-COIL (E 4) MAGNETOMETER EXPERIMENTS

P.I.: Dr. F.B. Neubauer

Co-1's: Dr. G. Dehmel
Dr. G. Muswmann
Dr. A. Maier
Dr. E. Lammers

Institute for Geophysics and Meteorology, Technical University at
Braunschweig, West Germany

A. Brief Description of TU Braunschweig Flux-gate Magnetometer Experiments
(E2) on board Helios-1 and -2, and theilr Scientific Objectives

The flux-gate magnetometer experiments use triaxial, orthogonal flux-gate
sensors of the Forster type mounted on a boomr of about 2 m from the
spacecraft. The bandwidth {s 4 Hz. Two measuring ranges are used with
automatic range switching. The sensitivity range extends from ~100nT to
+100nT, with a digitization uncertainty of +0.2nT for each individual
component. The less sensitive ranges extend from —400nT to -100nT and +100nT
to +400nT, with a digitization uncertainty of 10.8nT. The sampling rates
extend from 8 vectors per second to 1 vector per minute. For sampling rates
not greater than the spin frequency of 1 Hz, The transmitted values have been
averaged by an averaging computer which {s part of the experiment. The TU-
Braunchweig flux-gate magnetometers on board Helios-1 and -2 are still working

flawlessly at the present time.

A apecial feature of the TU-Braunschweilg flux-gate magnetometer
experiments is the memory mode (also referred to as shock-mode), which allows
the rapid read-in of data into a spacecraft memory with sampling rates of 4 or
8 vectors per second. The time intervals are selected by an event detector
which is part of this experiment (an alternate event detector 1is part of

Experiment 5b), which has been designed to detect rapid changes in magnetic

B

field magnitude and has heen optimized for the detection of interplanetary .

N4

shocks (by using real interplanetary data in the design phase). The Helios

nemory mode has produced very interesting results.
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The scientific objectives of these instruments can be listed as follows:

(1) study of macroscoplc 1interplanetary magnetic field structure between

0.3 and 1.0 AU also in conanection with solar features;

(2) investigation of MHD-~waves in the solar wind, particularly of the

role of Alfvén waves as the Sun i{s approached;

(3) study of discontinuities in the solar wind, thelr relation to
macrostructure, generatfon and decay; wore specifically, fast and slow shocks,

tangential and rotational discontianulties;

(4) study of the fine structure 5f shocks and other discontinuities at
kinetic time and length scales in conjunction with the higher-frequency

search-coill magnetometer and electronic field measurements; and

(5) provision of comparative data, particularly to the solar wind,

particle and wave experiments.

B. Brief Description of TU-Braungchwelg Search-coil Magnetometer Experiments

on board Helios-1 and -2 and their Scientific Objectives

Both experiments use a system of triaxial, orthogonal search-coil sensors
of special design aimed at very low background noise levels. The basic output
of each sensor 1s proportional to the time derivative of the magnetic field
and they ave, therefore, particularly suited for high-frequency
observations. The handwidth of the instrument extends from about 4 Hz to 2.2
kHz to also include R-mode, or whistler mode, signals close to the Sun (0.3
AU). For the reduction of the high basic data rate, the data are generally
first processed in a spectrum analyzer. The outputs from the Z-axis (porallel
to the spin-axis) and one of the spin plane compone.ts X or Y pass thrc igh
eight logarithmically-~spaced analog filters (3 per decade). In a subsequent
digital mean-value computer, mean square signals, are computed and peak values
are detected for time intervals ranging from 1.125 sec to 20 minutes,
depending on telemetry bit rate. 1In addition, waveform data can be stored in
the "shock-memory" at rates of 75, 150 and 300 vectors per second--a

particularly scientifically useful capability.
The scientific objectives of the instrument are investigation of:

(1) the role of whistler-mode waves Iin the solar wind in relation to

stream strucure. Also, investigation of ion cyclotron waves near 0.3 AU;
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(2) the role of above electromagnetic wave modes in shaping solor wind
particle distribution functions, which is a fundamental problem of solar wind

plasma physics;
(3) use as a diagnostic tool for particle distribution functions; and

(4) 1instabilities in thin structures such as snocks and other
discontinuities.
C. Highlights of Scientific Results Obtained at the Techrnical University

of Braunschweig using the Helios~1 and -2 Flux-—gate and Search-coil
Magnetometer Experiments (E2 and E4)

(1) First investigation of radial variation of the interplanetary
magnetic field between 0.3 and 1.0 AU (E2; 4).

(2) Macroscopic geometry and fine sStructure of magnetic sector
boundaries using triangulation analysis and local normal determinations.

Analysis of assoclated wave fields (E2, E4; 7,10).

(3) High-~frequency electromaguctic waves generated by instabilities in
the transition layers of tangential and rotational discontinuities. It has,
for example, been shown that most of these discontinuities are associated with
peaks in whistler mode wave activity, probably driven by the curreats in the
discontinuity. Since for a number of cases high time resolution waveform data
have been avallable using the shock-mode, some wave events could be analyzed
in detail; i.e., the polarization could be determined leading to the
identification as whistler mode waves, the waves could be transfomed into the
plasma rest frame, etc. An example of a wave train observed in a tangential
discontinuity is shown in Figure 1 (E2, E4; 3,8).

(4) Whistler-mode wave spectra as a function of dlstance from the Sun

(03 to 1.0 AU), and in relation to stream structure (EZ, E&4; 5).

(5) Occurrence properties in relation to streams and energy fluxes of
Alfven waves in the solar wind between 0.3 and 1.0 AU. Alfven waves,
particularly in the inner solar system, are of potential interest beciuse they
possibly drive the solar wind. Interesting results on the relatlive importance
of Alfvén wave energy flux relative to the bulk solar wind energy flux are

shown in Figure 2 for the primary missions of Helios~l and -2 (El, E2, E4; 9).
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Fig. 1, High time resolution waveform magnetic field data (TU
Braunschweig search-coil) obtained in memory mode. Analysis of the
wave train leads to observed frequency of 20 Hz; angle between wave
vector k and velocity v, 32°; angle between k and magnetic field b,
115%; frequency in plasma rest frame 5.8 Hz.

(a) Flux gate magnetic vector data in solar-ecliptic coordinates.
(b) Search-coil waveform data at 75 vectors/second.

(¢) Hodograph of waveform data.

(6) Studies of the fine structure of shocks and associated whistler-mode
wave fields. Here the solar wind 1s used as a plasma laboratory to study the
kinetic structure of collisionless shocks. The possibility of studying shocks

inside 0.5 AU adds two advantages (compared to studies near 1 AU): The wave

e
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spectral density levels are much higher and shock propagation conditions which

are uncommn are sometimes found near 1 AU (El, E2, E4; 3,5,11).

(7) Multipoint studles of shock propagation in the solar wind between
0.3 and 1 AU (up to 1.6 AU in a joint Hellos~Voyager workshop).

(8) Comparison of magnetic field and plasma observations between 0.3 and
1 AU, and Faraday rotation observations at several solar radii with model
predictions of three-dimensional MHD models of the solar wind (El, E2, Faraday

rot.; 6).

(9) Study of MHD properties of tangential and rotational discontinuities
in the solar wind (E2, E4; 8).

Only those research results culminating in published or submitted papers
have been included. A paper on the Helios-Voyager workshop (Item 7),
containing major contributions by Helios experiments El, E2, E3, E5 nd E8 will
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Fig. 2. Alfven wave energy flux relative to solar wind bulk energy
flux as a function of distance from the sun. Note the appreciable
Alfven mve energy flux at perihelion of Helios-2 in April 1976.

be submitted for publication in June 1979 by L.F. Burlaga, Goddard Space
Flight Center. The numbers in brackets refer to the list of references,
including papers published or in press. In addition to these papers, a
considerable number of progress reports and invited talks have been given at

national and international conferences (1AGA, COSPAR, AGU, EGS).

Further research on new aspects of solar wind physics, as well as the

items listed above, 1s in progress.
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ROME~GSFC MAGNETIC FIELD EXPERIMENT (E 3)

P.l.: N.F. Ness, Laboratory for Extraterrestrial Physics,
NASA/Goddard Space Flight Center, Greenbelt, MD U.S.A.

C0-I‘s: F. Mariani, Istituto Fizica, Univ. Rome, Rome, Italy

B. Bavassano, Laboratorio Plasma Spazio, Consiglio Nazionale delle
Ricerche, Frascati, Italy

L.F. Burlaga, Laboratory for Extraterrestrial Physics,
NASA/G-dvaird Space Flight Center, Greenbelt, MD U.S.A.

U. Villante, Istituto Astrofisica, Universita L Aquila
L’Aquila, Italy

A. Experiment Description

The Rome~GSFC magnetic field sensor i{s a tri-axial, fluxgate (saturable
inductor) magnetometer. Vector magnetic field measurements are made at equal
time Intervals at rates ranging from 16 per second to 1 per second, depending
on the telemetry bit rates. At low bit rates (< 128 bps) the magnetic field
1s sampled once per spacecraft revolution (1/second), and a number of samples
(N) are processed by an on-board computer that calculates the averages of each
of the three compoanents of § and the sum of the variances of the three

components. The instrument has four ranges to chtain maximum resolution.

The sensor is mounted on the end of a boom 4 meters from the spin axis,
to avoid contaminacion of the measurements by magnetic fields generated in the
spacecraft. The sensor package is provided with a "flipper" which rotates the
sensor by 90° so that the zero-levels on the three sensors can be
determined. The package is designed with an active thermal control to

compensate for the change of solar energy from 1 to 0.3 AU.

The purpose of the experiment ls to determine (1) the structure and
temporal variations of the interplanetary magnetic field between 1 and 0.3 AU,
(2) the nature of the configurations and fluctuations, by relating magnetic

field measurements to plasma observations, (3) the sources of the magnetic .

fields, by relating them to solur observations and (4) the magnetic fleld

configurations and waves that {nfluence energetic particles.
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B. Highlights nf Results

The analysis of observations {s still at an early stage and much remains
to be discovered. Nevertheless, a number of signifficant results hare heen

obtiined; some of these are listed and discussed below.

(1) The radial variation of the {interplanetary mapnetic field between 1
(2,3)

AU and 0.3 AU is in good agreement with Parker’s Theory. The theory

predicts that the radial component of B should vary as r_z, while the

izimuthal component should vary as r'l. Hellos-1 observations showed thar

B, ~ r-(l.QtO.l)’ and 3¢ ~ r-(l.ZtO.l) in slow flows while

B, ~ ¢~ (1e120.1) 5 fase flows. Observations from other deep space probes had

suggested t..at Bb falls off signiticantly more rapldly than r-l, but recent

Pioneer 10 and 11 results are more consistent with H_llo8 resulte

(2) The variance of fluctuations In the components of § vacies with r as

$ B2 - r'3 consistent with undamped Alfven waves.(2'3) This impliecs

that Alfven waves do not appreclably contribute to heating or accelerating the
solar wind between 1 and 0.3 AU. However, much remains to be leerned about
these waves from the Hellos data, aud further developr :nts {n the theory are

needed .

(3) Magnetic filelds in recurrent streams observed by Heliscs-1l were shown

to originate in coronal holes in which the intensity of open magnetic field

lines was 10 to 20 gauss.(a) This confirms results found earlier using data

from 1 AU, but the Hellos results are significant t:cause they are less
subject to uncertainties in projecting data back to the sun. HKalios-l passed

directly over a coronal hcle at {its first perihelion.

(4) Using Helios~1 magnetic field (E3) and plasma cbservations of a

sream near perihelion as inner boundary conditions for an MHD model, 1t was

shown that magnetic fields can play an important role in stream

dxgamics.(6'7) Prior to Helios, the magnetic field was neglected in most
stream models. The Hellos results show that this i{s not justified. A
consequence ot magnetic fields is that the interaction regions of steep
streams get broader with increasing distance from the sun, rather than

narrover, as previously belleved.
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(5) The shape of a sector boundary surface was measured for the first

time by Helios-1 and -2, and was found to be approximately a plane inclined =

10° to the solar equatorial plane with small ripples on it.(3). This new

method of studying sector boundaries in stationary flows is possible because

Helios rapidly samples 15° in latitude at each perihelion, and because there

are times when Helios 1 and Helios 2 differ in latitude by = 15°. The Helios
results are consistent with the reported disappearance of sector structure in
Pioneer 11 data at latitudes greater than 16° at the time the Helios

observations were made.

(6) + new kind of magnetic field configuration, called a cold magnetic

enhancement (CME), was identified. (%) This is characterized by relatively
intense magnetic fields in anomalou.ly cold, slow flow regions ahead of fast
streams. They have subsequently been 1dentified in data obtained at 1 Al.
The origin of CME’s 1s unknown.

(7) Magnetic fields in slow flows were shown to be non-uniform in

intensity and direction, and variable from one rotation to the next.(6) These

results provide clues to the nature of the source of slow flows, suggesting

possibly many small sources.

(8) Magnetic "neutral" sheets have been identified and the structure of

some (but not all) of them 1s consistent with the occurrence of the non-

linear, tearing mode instabili;x,(s) These observations suggest, but do not

prove the occurrence of the tearing mode. They are significant because the

T

tearing mode can change the topology of the magnetic fields.
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A SUMMARY OF PROGRESS IN SPACE PHYSICS
MADE WITH HELIOS PLASMA WAVE INSTRUMENT DATA (E 5a)

P.I.: D.A. Gurnett
Co.I.: R.R. Anderson

Department of Physics and Astronomy, University of Towa
Iowa City, Towa U.S.A.

Many significant advances in the study of plasma waves in the solar wind
have been made with data from the University of Iowa Plasma Wave Instruments
on Helios~l and ~-2. The first observations of intense electron plasme
oscillations associated with Type III solar radio bursts were made with data
from these instruments. These observations confirmed the basic electron
plasma oscillation mechanism proposed by Ginzburg and Zheleznyakov in 1958 for
the generation of the Type IIT solar radio emissions. A study of electron
plasua oscillation events associated with Type III solar radio bursts, using
data from Helios-l and -2, IMP-6 and -8 and Voyager 1 and 2, found that these
events showed a pronounced increase in both intensity and frequency of
occurrence with decreasing heliocentric radial distance. Only the Helios
gpacecraft, with their close approaches to the Sun, have been able to provide
in situ measurements of these eveunts in the reglon of their highest

occurrence.

The Type IIT solar radio burst {tself has been studied exteansively using
data from the Helios spacecraft. Stereoscopic radio direction-finding
measurements from the Helios-l and -2, IMP-8 and Hawkeye 1 spacecraft we-e
used to track a Type III solar radio burst in three dimensions, independent of
modeling assumptions concerning the emission frequency as a function of radial
distance from the Sun. By combining these radio direction-finding
measurements with direct in situ measurements of the solar wind plasma density
near the Sun, it was found that the dominant emission occurs at the second

harmonic, 2 £ =, of the electron plasma frequency. The results of this stuay

P
confirmed earlier results by other investigations which had to rely on assumed
models for the radial dependence of the emission frequency or on average

statistical properties of the solar wind.
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Further wo.x has also been done on the association of Type III solar
radio bursts and electron plasma oscillations in order to provide important
new information on nonlinear plasma processes of considerable current
interest. A study of the volume cmissivity of Type III solar radio bursts
showed that although the emissivities varied over a large range, all the
emisgivities decreased rapidly with increasing heliocentric radial distance.
The best fit power law for the events analyzed found the emissivity J
proportional to R_6'Oio‘3. When the observed electron plasma oscillation
intensities and variation with radial distance (E was proportional to
R-1'4t0°5) were used in two current models for the conversion of electrostatic
plasma oscillations to electromagnetic radiation, the observed emissivitles

were shown to be in good agreement with the predicted emissivities.

The most commonly occurring plasma wave detected by Helios is a sporadic
emission between the electron and ion plasma frequencies. These waves are
thought to be ion acoustic waves which are Doppler-shifted upwards in
frequency from below the ion plasma frequency by the motion of the solar
wind. Wavelength measurements from IMP-6 support this conclusion. Comparison
of Helios results with measurements from this Earth-orbiting spacecraft show
that the ion acoustic wave turbulence detected in interplanetary space has
characteristics essentially identical to those of bursts of electrostatic
turbulence generated by protons streaming into the solar wind from the Earth’s -
bow shock. In a few cases, ion acoustic wave enhancements have been observed
in direct association with abrupt increases in the anisotropy of the solar
wind electron distribution. Comparisons with the overall solar wind
corotational structure show that the most intense ilon acoustic waves usually
occur in the low=-velocity regions ahead of high-speed solar wind streams. Of
the detailed plasma paramcters investigated, the 1lon acoustic wave Jintensities
are found to be most closely correlated with the electron-to-proton
temperature ratio, Te/Tp, and with the electron heat flux. Investigations of
the detailed electron and proton distribution functions also show that the fon
acoustic waves usually occur in regions with highly non-Maxwellin
distributions characteristic of double-proton streams. Two main mechanisms, an
electron heat flux instability and a double~ion beam instability have been
studied as possible generation mechanisms for the ilon~acoustic-like waves

observed in the solar wind.
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Plasma wave turbulence assoclatec with interplanetary shocks has also
been studied using the Helios plasma wave data. Three types of plasma waves
are usually detected in association with a strong Interplanetary shock:

(1) electron plasma oscillations, (2) electrostatic ion-acoustic or Bunei:(n
mode turbulence from about 1 to 30 kHz and (3) whistler-mode magnetic noise.
The primary burst of electric and magnetic field noise at the shock occurs a
few seconds after the jump in the magnetic field, with a broad maximum in the
electric field intensities at a few kHz and a monotonically decreasing
magnetic field spectrum below about 1 kHz. Many of the characteristics of
strong interplaneta-y shocks are found to be closely similar to previous

observations of plasma wave turbulence associated with the Earth’s bow shock.

The Helios-1 and -2 Plasma Wave Instruments continue to operate
satisfactorily and are returning valuable scientific data. As solar maximum
approaches, the number of solar radio bursts and interplanetary shock waves
detected has increased dramatically. This increase in activity provides many
valuable opportunities for correlative studies with ISEE-1l, =2 and -3 to
provide triangulation measurements of Type III solar radio bursts and other
plasma wave events. Current research efforts are concentrating on the study
of plasma waves associated with interplanetary shocks using a lirge number of
events to investigate the dependence of the plasma wave inteansities on the
Mach number, magnetic field direction and shock normal angle. Other studies
of electron plasma oscillations associated with Type IIL solar radio bursts
and electron plasma oscillations and ion acoustic waves in the solar wind are

continuing.
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ELECTRIC FIELD EXPERIMENT (E 5b)

P.I.: Paul J. Kellogg

School of Physics and Astronomy, University of Minnesota,
Minneapolis, MN U.S.A.

Experiment 5b for Helios consists of two parts: (1) a high~frequency
resolution (therefore, low temporal resolution) sweeplag rereiver which
measures plasma waves in the frequency range 10 Hz to 200 kHz in 168 channels
and (2) a waveform sampler which samples the waveform on the electric antennae
and whose purpose is to measure the potential of shocks and of other transient
phenomena, as well as to attempt to measure the DC electric field in the solar

wind.

The principal result from the sweeping receiver which has been obtained
so far is what we consider to be a definitive answer to the problem of whether
Type ILI bursts are primarily generated at the fundamental or at the secoand
harmonic of the local plasma frequency. We found four Type III bursts with
Helios-2 which were sufficiently strong enough that we could obtain good
spectra. Three of these bursts (the first three found) form the subject of a
paper published in the March 1980 Astrophysical Journal. By tracing the onset

time of the Type III bursts at each frequency and its intersection with
electrostatic plasma waves generated locally at the spacecraft, one :an
determine that for two of these bursts the initial radlation was at the
fundamental of the plasma frequency, while for the third, the onset was in
radiation at the second harmonic when the Type III burst was close to tt Sun
but switched over to the first harmonic as it approached the spacecraft.
Similar effects have been suspected by other workers (Alvarez and Haddock),
but the switchover was in the opposite direction and at higher frequencies.

In any case, the evidence obtained with Helios is quite conclusive.

Most of the phenomena which we see in the solar wind are not highly
structured in frequency, so a more modest frequency resolution would have been
adequate. One other phenomenon, however, which does show very sharp frequency
structure is the ion acoustic noise which Experiment 5a has found to be such a

prevalent feature of the solar wind. We have found that the frequency
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spectrum of this ion acoustic nolse has a very sharp high-frequeuncy cutoff.
These cutoffs can be understood on the basis of Gurnett and Scarf’s high time
resolution spectra (from Voyager) as being the highest frequency of a burst
which is shaped 1like an upside-down U on a frequency-time plot. Because of
our low time resolution, we do not have as good statistics on ion acoustic
noise as Experiment 5a; however, we have found about 1% events with Helios-2
which are suitable for analysis. These have been analyzed and will be

published with other not-yet completed work on fon acoustic noise.

The waveform sampling portion of our experiment suffered greatly from
photoelectric effects on the antenna potential which greatly limited our
sensitivity. We had not understood exactly what would be the -ature of the
voltage induced on the antenna by the competition between photc:lectric
emission and plasma electron pickup before the flight of Helios, and a paper
entitled "The Potential of an Antenna on a Rotating Spacecraft," discussing
our findings, has been submitted to the Journal of Geophysical Research. 1In

this respect, we find that the interference of the solar array is less than
the inescapable interference cf the photoelectric effect as the spacecraft

turns, at least for frequencies below about 100 Hz.

I
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RADIO ASTRONOMY EXPERIMENT (E 5c¢)

P.I.: Robert Stone

Laboratory for Extraterrestrial Physics, NASA/Goddard Space Flight
Center, Greenbelt, MD U.S.A.

The Helfos Radio Astronomy experiment is designed to track traveling
solar radio bursts over the frequency range 2 MHz to 30 kHz corresponding to
heliocentric radial distances of 0.1 to 1.0 AU from the Sun. Since the
energetic solar electrons responsible for Type III or "fast drift" solar radio
bursts travel outward along open magnetic field lines from the source region
at the Sun and through the interplanetary medium, tracking these radio bursts
provides a unique means of studying the large-scale magnetic field topology
and electron density distributism in three dimensions for the interplanetary
medium out to at least 1 AU. Helios-2, with a single spinning dipole, can
provide only the radio source azimuth angle. Previously, we reported only one
case of simultaneous observations between Helios-1l and ~-2. With these
observations we were able to investigate the electron density distribution, as
well as the directivity of the radio emission. However, the motion of the
source out of the ecliptic, and, thus, the magnetic fileld configuration out of
the ecliptic, could not be uniquely determined with the two Helios
spacecraft. Combined with the "tilted dipole" observations with ISEE-3, the
radio source position is now being uniquely fixed through triangulational
observations with the two spacecraft. Additionally, despite some EMI problems
with Helios, the number and intensity of Type III events has dramatically

increased as solar maximum is approached.

Thus, for the first time, we are obtaining truly unique "snapshots" of
the large-scale magnetic field topology and electron density distribution in
three dimensions. Figure 1 shows an example reported as part of invited talks
at the IAU symposium "Radio Physics of the Sun" at the fall AGU (1979). The
triangles show the trjectory projected into the ecliptic and is seen to be a
spiral. The numbers alongside the triangles are the observed source latitude.

The associated flare occurred at Sl9°, w820, Therefore, the radio source and

field lines started at S197, were at S5° at about 1/4 AU, crossed the ecliptic at

1/2 AU and remained at northern latitudes.
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Figure 2 shows the electron
density derived for this same
event. Large deviations in the
electron density distribution from a
simple power law are often observed,
as in this case. Approximately 50
Type III bursts suitable for chis
type of analysis have been
simultaneously observed by Helios-2
and ISEE-3. A preliminary analysis
of some of these events has clearly
shown large meridional variations in
the magnetic field configuration, as
well as large deviations of the
electron denslty gradient from a simple

power law distribution.

Until the sucessful launch of
the ISPM mission (1983--85) and the
subgequent two spacecraft’s wide
separation (1985-87), the current
Helios~ISEE-3 observations provide
the only method of remotely
observing the large-scale field
topology out of the ecliptic.

We are also investigating,
again through joint Helios-ISEE-3
observations, the occurrence of Type
II or slow drift traveling solar
radio bursts excited by solar ejeci.

induced shock waves.
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COSMIC RAY EXPERIMENT (E 6)

P.I.: H. Kunow

Co-1."s: G. Wibberenz
G. Green
R. Muller-Mellin
M. Witte
H. Hempe

Institut fur Reine und Angewandte Kernphysik, Christian-Albrechts-
Universitat, Kiel, West Germany

The cosmic ray particle instrument consists of a detector telescope
containing five semiconductor detectors of increasing thickness, a sapphire
Cerenkov detector surrounded by an anticoincidence scintillatlon detector, and

an on-board data handling system.

The instrument 1s capable of measuring protons and heavier nuclei from
1.7 to > 400 MeV/n and MeV electrons. It 1s designed to provide good energy
and charge resolution from measurements of individual particles which are
selected by a priority scheme. In addition, isotopes of Hydrogen and Helium
can be separated. For higher time resolution and for the determination of the
angular distribution using eight sectors, the total number of valid particles
is accumulated in 96 counting channels which represent in most cases protons,

heavier nuclel or electrons of larger energy ranges.

The primary objectives of the instrument are the investigation of the
cosmic ray propagation in the inner solar system (solar cosmic rays and
modulation), investigation of the coronal propagation of solar flare-generated
particles, and studies of the effects of interplanetary shock fronts on the
particles. This 1is performe? by measuring energy spectra, chemical and
isotopic composition and pitch angle distribution, and their spatial and
temporal variation during solar events, corotating events, Jovian electron
observations, energetic storm particle events and for galactic cosmic rays

during quiet times.
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A, General

The advantages of the Helfos-1 and -2 missions for cosmic ray studies can

be characterized by the following features:

(1) The {inner solar system between 0.3 and 1.0 AU can be probed
repeatedly during varying conditions of solar activity. The long active
measuring period of the two spacecraft covers the declining phase of the
preceding solar cycle, solar minimum conditions, the rising phase of the new

cycle, and, hopefully, the period up to the next solar maximum.

(2) The closer approach to the Sun allows studies during solar flare
events related to the acceleration and release processes which are not
detectable from 1 AU and beyond, because here effects of interplanetary
scattering smear out details of processes occurring close to the Sun. In
addition, small solar events--which are interesting in many respects--can be

resolved with better statistics.

(3) The existence of two spacecraft which are, in general, at different
heliocentric radial distance, longitude and sometimes latitude allows
separation of coronal and interplanetary propagation effects. Ideal
situations exist during periods of magnetic lineup with spacecraft near the

Earth and in outer space.

(4) The r—cellent coverage of Helios-1 and ~2 from the DSN and other
antennae, combined with the data storage capabilities, has provided unique

data coverage during most of the lifetime of the two space probes.

(5) The combination of "particles and fields" experiments on Helios, ir
particular the relation between rosmic rays, magnetic fields and
interplanetary plasma, and the existing and continually-growing cooperation
betweun the various experimenters are prerequisitéa for the new results which

were obtained.

(6) The angular resolution of the Kiel experiment and the range of
particle types and energies measured allows us to study the full set of
problems related with energetic particles in the solar system. These
problems, and the results obtained so far, are briefly summarized in the
following sections.

AY



B. Solar Cosmic Rays I:

Interplanetary Propagation

The full spectrum of various interplanetary propagation models (nearly

scatter-free, cohcerent, focused transport diffusfion) has been found in the

Hellos data.
scattering could be identified.

Several cases witi: an extremely small amount of internlanetary

Figure 1 shows the result of cocperation with

the Caltech group for the March 3, 1975, event when Heli( 3-1, at 0.+ AU, and

IMP~8, at 1.0 AU, were located on nearly che same interplanetary magnetic

field lines.
the long-lasting anisotroples are a
clear indication of the coherent

mode of propagation. The observed

intensity profiles rela.e directly
to the solar injection process
(A.10, B.18).

During another event, a finite,
but large, mean free path of A = 0.7
AU 18 found for both ~ 0.5 MeV
electrons and = 5 MeV protons.
Figure 2 shows a fit of Earl’s model
of focvsed transport to the March
28, 1976 event (Helios 2 at 0.5
AU). The solar injection is
indicated by the dashed line. The
corresponding onset of the

relativistic electrons coincides

almost exactly with the 7 GHz radio noise

burst. Analysis of angular distribu-

tions (Fig. 2, top right) allows us for
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Fige. 1: Intensity time profiles

of the March 3, 1975 event, an
example of coherent propapation.

the first time to determine the form of the pitch angle scattering
coefficient, vhich goes through a minimum near 90° pitzh angles, but is
inconsistent with models of isotropic or Alfvenic wave scattering (A.13, A.17,

B.27).
(A.19, B.22).

The same event is studied by applying the collimated convection models
In any case, the great importance of the large-scale

interplanetary magnetis field structure is stressed.

»
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Fig. 2: Fits of the focussed transport model to intensities,
anigsotrcpiles and angular distributions.

The systematic study of proton-to-alpha variations during solar events
has confirmed the surprising finding that occasionally 31/3P < 0 for
rigidities P < 150 MV, which no existing scattering theory is presently able
to explain (B.17, B.28, C.6). The p/a-variation for a number of events is
shown in Figure 3 (B.28, C.6).

Apart from the short~lived, highly-anisotropic events mentioned above, we
find long-lasting events with nearly {sotropic angular distributions. A
gystematic study 18 under way to relate the different types of events to the
large-scale structure of interplanetary space and to different phases in solar
wind streams. Full advantage will be taken of Points (3) to (6) mentioned
above. Related theoretical work (A.1l1l, A.14, A.15, A.20, A.21) will aid us in
interpreting the variety of experimental results.

C. Solar Cosmic Rays II: Coronal Propagation and Solar Injection.

The different appearances of events vwhen Helios-l and -2 are at different

heliocentric longitudes is immediately obvious in a large number of cases
(A.8)« The variations cannot be explained by coronal diffusion alone (A.6),
but confirm the role of solar sector boundaries as inhibitors for coronal

L KBy > o
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transport. Figure 4 shows the
absence of the March 28, 1976, event
in the protons on Helios-1,
connected with a different solar
sector than Helios-2. The
appearance of a small remaining
electron population presents a
puzzle; it indicates that in
contrast to the similar propagation
of electrons and protons along the

interplanetary field, their

transverse transport, either in the

corona or in space, must be
different.
event of March 23, 1976 (Fig. 3) we
find a decay time for coronal
release of (3043)h, an e-folding

For the long-lasting

angle for the longitudinal dependence

of (4048)° (A.6, A.16).
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Clues to the solar RS andil
injection process for events . .h;“ 1
with small interplanetary ;: U\}\MJA
scattering have been discussed o s
in Section B (see Figs. 1 and
- 1977 . MM, g 1377
2). il l Jr : |
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D. Solar Cosmic Rays III; ;: K\~wj{
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had found 9 He3-rich events E:L;Uﬁ&ﬂ ; 53 ‘JR”\
with ratios F(HeB/He4) ;" \kammmkkj~/ ;w
300 l ‘o

>0.2 (B.29, C.7). Earlier mu“c?"ﬁ""“"”""":""""""’;D','n R R

findings on this unusual class

- A o
of solar events have been b

{ 200
1

confirmed (small events, no d S : jw\ gm[ X
and t, large Hel’/p—ratj_o). 1t :'"\/‘N‘W\/\,/ "\M_»J,J\,—{ 2 /\\/\J \J\,V\‘)VJ\V

R R

is interesting that apart from = =

NOY 77 - 0fC ’ o ‘é‘u‘“v’v NOV 27 GEC OEC 7Y

the nucleonic compositions 1927 s oty g e
00 12 f }
these events do not seem to o o | o
differ from '"mnormal" events. §$ N =
2)” ._,.’/‘“M w ]! 300 wﬂm
They show similar temporal 190 b Ty e e T
DEC 77 — JFN JAN 78 DEC 17 - JAN JAN T8
structures and the same ratio
of relativistic electrons to ~10 Fig. 5. Relation of 3He-rich events
MeV protons. This confirms the to the solar wind velocity (cour-

tesy H. Rosenbauer and R. Schwenn).
idea of preferential pre-heating

of He3 under suitable source

conditions followed by the normal flare acceleration process (Fisk, 1978).

One unusual feature, which needs confirmation by other events found so far, is
the appearance in the slow solar wind (based on plasma data from El, courtesy
H. Rosenbauer and R. Schwenn) (Fig. 5). The event with the largest He3
content shows a rather peculiar difference between the time profiles of
electrons, protons and Helium nuclei, depicted schematically in Figure 6 (A.7,

A.10). This 18 an example of a situation occurring rather frequently, namely

L
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that repeated small injections of
Helium nuclei are accompanied by
much smaller, or even no, increases

in protons or electrons (l.10).

E. Interplanetary Acceleration

(Recurrent Events)

The first direct gradient
measurement during the same
recurrent event was obtained by a
comparison of Helios~l1 and -2 and
IMP-7 and -8 measurements in
cooperation with the Caltech group
(A.9). Figure 7 shows the radial
intensity variation between 0.4 and
1.0 AU for the corotating event in
March 1976. Numbers 1 through 7
indicate various phases of the
event. In the main phase (3 to 7)
we find (330420)%/AU for the radial
gradient. The positive value
clearly indicates an outer source;

Interpretation in terms of a

42

( INTENSITY (LINEAR ARBITRARY SCALE)

stationary diffusive/convective solution

(Marshall and Stone, 1977) leads
to a radial mean free path of
0.0440.01 AU, in good agreement
with results from solar particle
events (A.10).
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Fig. 6. 1Intensity time
profiles of the ~“He-rich
events of March 19 and
20, 1978.

The jump to a large positive gradient coincides with a marked increase in

the absolute intensity and with the onset of a fast solar wind stream. A more

detailed analysis for additional events 1is presently under way with the aim of

revealing the conditions for the occurrence of interplanetary acceleration

related to corotating shocks.
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F. ESP-events aud
Forbush-

decreases

The study of
Energetic Storm Particle
(ESP) events gives in
S8itu information on
acceleration of charged
particles by

interplanetary shocks

and on the large-scale o

structure of shock-

INTENSITY { PROTONS / M S SR MeV]

related magnetic
fields. A number of

ESP-events detected on

HELIOS 1 HELIOS 2 IMP 7/8

J L Il | 1
0% 0s 06 07 08 09 10
Helios show the RADIAL DISTANCE (AU)

following signatures:
(1) the intensity of MeV

protons in the decay Fig. 7. Radial dependence of the intensity
phase of a solar event of the March 1976 recurrent event for

different phases during the event.
starts well before the

shock arrival, (2)
the anisotropy increases gradually and changes sign with the shock front and
(3) the alpha-to-proton ratio shows different behavior from one event to the

other, ranging from no change at all tn a factor of 2 increase. ?

It 1s interesting that similar signatures are also found during magnetic
field enhancements which are definitely not shocks. 1In many cases, the ESP-
event is limited by the arrival of the piston driving the shock. In these
cases, the highest-energy channel displays a marked Forbush decrease. The two
features seen in the cosmic rays indicate the arrival of large extended
magnetic field discontinuities, which act as rigidity-depeadent bharriers for
energetic particle penetration (for first results see B.24, B.25, C.3).

G. Jovian Electrons

The Hellos orbits offer the possibility of observing electrons of Jovian
origin in the 0.3 to 2 MeV energy range at distances from 1 to 0.3 AU from the
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Sun. These data are not contaminated by Earth magnetospheric electrons from
which IMP data in th's energy range suffer. The time period from launch of
Helios~1 in December 1974 to September 1977 was centered around solar minimum
and, furthermore, showed exceptionally-low solar activity. This provided
excellent conditions to observe the dependence of Jovian electron events on
the "Jovian electron seasons" down to 0.3 AU where Interplanetary shock
fronts, in connection with fast solar wind streams,do not yet develop. This
observation favors a model in which the propagation of charged particles, at
least in this rigidity range, 1s govarned by the large-scale structure of the
interplanetary medium and in which diffusion, especially perpendicular to the
magnetic field, does not play a significant role (A.18, B.23, B.26).

H. Modulation: Long-term Changes and Spatial Gradients

During the recovery phase of 3jolar cycle 20 we have observed significant
long-term varlations in the cosmic ray intensit;:; While the Deep River
neutron monitor readings increased by 2.7% between December 1974 and June
1975, we observe a 507 increase of 30 MeV protons with a phase lag of 2 to 3
months and a 100% increase in the Helium intensity at 30 MeV/n with a phase
lag of 1 month; i.e., Helium nuclel are modulated roughly twice as much as

protons of the same energy/nucleon.

To determine the radial gradients in the period of pronounced time
variations, we have reduced the effects of time variations by using the
ratios of the particle intensities measured by the GSFC cosmic ray experiment
on IMP-8, kindly provided by T. von Rosenvinge. From December 1974 to
December 1975, the proton gradients in the energy range 20 to 50 MeV are small
and generally consistent with zero within errors, whereas the Helium gradients
are small, but positive (A.7, A.12, B.12).

Scanning the inner solar system four times in 13 months of pronounced
time variations did not reveal a clear change in the differential proton and
Helium gradients. From this we conclude that the observed long-term intensity
variations occurred almost simultaneously and uniformly in the inner solar
system, indicating a large distance to the boundary of the modulation
region. This allows the Helios measurements to serve as a good baseline for

other deep space missions.
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The integral gradients for protons and Helium nuclel were determined
without a reference measurement at 1 AU, but during a time of only small
temporal variations (end of 1977 to beginning of 1978). During this time
period, the Helios spacecraft had traversed the space between 1 and 0.3 AU
eleven times. A superposed epoch analysis yields gradient values of 20+9%/AU
for > 51 MeV protons and 28+12%/AU for > 48 MeV/n Helium nuclei. These large
values, observed inside 1 AU, differ from the results of the Pioneer 10 and 11
measurements taken between 1 and 18 AU. They can be explained by a radially-
dependent diffusion coefficient, as proposed by Morfill et al. (1979).

Comparison with a model of three-dimensional modulation 1s in preparation.

I. International Cooperation, Future Plans and Interest in the Scientific
Community

A rich research program for further investigation of the solar system is
still under way. The Helios-Voyager workshop in the fall of 1978 and the
Helios Working Group Meeting in the spring of 1979 indicated a large number of
interesting solar events, covered by many spacecraft, from the new cycle.
Results from the Helios-Voyager workshop have been presented at two
conferences (Spring AGU Meeting, 1979; International Cosmic Ray Conference,
Kyoto, 1979). Future cooperation on a number of problems has started with the
APL/JHU group (Prof. E.C. Roelof), and cooperation with the Central Research
Institute of Physics, Budapest, is under way. Hopefully, Helios will survive
its next aphelion so that the coordinated efforts during the SMY will supply
an unprecedented opportunity for tackling and finally resolving the

acceleration and release processes during solar flares.

The great interest throughout the scientific community is documented by
invited and public talks. 1Integration into the University rasearch program is
indicated by a number of Master’s theses and dissertations (section C,
Bibliography).



46

REFERENCES

A.

A.1.

A.2

A.3

Adh

A.5

A.6

A.7

A.8

A.9

A.10

Publications

Kunow, H., G. Wibberenz, G. Green, R. Muller-Mellin, M. Witte and H.
Hempe, '"Das Kieler Experiment zur Messung der kosmischen Strahlung
zwischen 1.0 und 0.3 AU (E6)," Raumfahrtforschung 19, 253, 1975.

Kunow, H., G. Wibberenz, G. Green, R. Miiller-Mellin, H. Hempe and H.G.
Hasler, "Variations of Cosmi:c Ray Intensities during the First Part of
the Hellos-1 Mission," in Proc. 14th Int. Cosmic Ray Conf., Munich,
4268, 1975.

Green, G., G. Wibberenz, R. Miuller-Mellin, M. Witte, H. Hempe, H.
Kunow, "Two Solar Cosmic Ray Events Measured on Helios-1," 1in Proc.
14th Int. Cosmic Ray Conf., Munich, 4257, 1975.

Witte, M., H. Hempe, H. Kunow, G. Wibberenz, G. Green, R. Muller-Mellin
and B. Iwers, "Energy Spectra of Protons and Alpha Particles on Hel{iosg-
1 at 0.31 +..e. 0.4 AU and 0.95 ¢eo. 0.98 AU," in Proc. 1l4th Int. Cosmic
Ray Conf, Munich, 4263, 1975.

Wibberenz, G., "Energetic Particles throughout the Solar System," in
Physics of Solar Planetary Environments, I, ed. D.J. Williams, AGU,

Boulder, 346-365, 1975.

Kunow, H., G. Wibberenz, G. Green, R. Miller-Mellin, M. Witte, H. Hempe
and J. Fuckner, "Characteristic Features of Coronal Propagation as
Derived from Solar Particle Observations by Helios-l and -2 during STIP
Interval II," in L.D. de Feiter Memorial Symposium, eds. M.A. Shea,
D.F. Smart and S.T. Wu, Alr Force Geophysics Laboratory AFGL-TR-77-
0309, 363-372, 1977.

Kunow, H., M. Witte, G. Wibberenz, H. Hempe, R. Muller-Mellin, G.
Green, B. Iwers and J. Fuckner, "Cosmic Ray Measurements on Board
Helios=1 from December 1974 to September 1975: Quiet Time Spectra,
Radial Gradients and Solar Events," J. Geophys. Res. 42, 615, 1977.

Kunow, H., R, Muller-Mellin, B. Iwers, M. Witte, H. Hempe, G.
Wibberenz, G. Green and J. Fuckner, "MeV Protons, Alpha Particles and
Electrons as Observed aboard Helios-1 and -2 during STIP Interval II,"
World Data Center A Report UAG-61, 134, 1977.

Kunow, H., G. Wibberenz, G. Green, R. Muller-Mellin, M. Witte, H.
Hempe, R.A. Mewaldt, E.C. Stone and R.E. Vogt, "Simultaneous
Observations of Cosmic Ray Particles in a Corotating Interplanetary
Structure at Different Solar Distances beween 0.3 and 1 AU from Helios-
1 and ~2 and IMP-7 and -8," in Proc. 15th Int. Cosmic Ray Conf,
Plovdiv, Vol. 3, 227, 1977.

Wibberenz, G., "Signatures of Solar Cosmic Ray Lvents and their
Relation to Propagation and Acceleration Processes," in Study of



A.11

A.12

A.13

A.14

A.15

A.16

A.17

A.18

A.19

A. 20

A.21

47

Travelling Interplanetary Phenomena, ed. M.. Shea et al., D. Reidel,

Dordrecht, Holland, 323-342, 1977.

Schulze, B.M., A.K. Richter and G. Wibberenz, "Influences of Prompt but
Finite Injections and of Interplanetary Propagation on Time-intensity
and Time-anisotropy Profiles of Solar Cosmic Rays and the November 18,
1968, Proton Event," Solar Physics 54, 207, 1977.

Muller-Mellin, R., M. Witte, H. Hempe, H. Kunow, G. Wibberenz and G.
Green, "Cosmic Ray Radial Gradients: Helios-l Results between 1.0 and
0.3 AU," in Proc. 15th Int. Cosmic Ray Conf, Plovdiv, 1977.

Eieber, J.S., J.A. Earl, G. Green, H. Kunow, R. Muller-Mellin and G.
Wibberenz, "Interpretation and Analysis of Solar Energetic Particle
Intensities and Anisotroples observed aboard Helios-II on 28 March
1976," in Space Regearch 19, ed. M.J. Rycroft, Pergamon Press, New
York, 403-406, 1979.

Kunstmann, J., "The Dependence of the Frequency Spectra of the
Interplanetary Magnetic Field Fluctuations on the Direction of the Mean
Field," Moon and Planets 18, 91, 1978.

Kunstmann, J., "On the Particle Number Conservation Inherent 1in the
Diffusion Approach of the Fokker-Planck Equation," Astrophys. Space
Sei. 56, 81, 1978.

Kunow, H., '"Selected Results from the University of Kiel Cosmic Ray
Experiments on Board the Solar Probes Helios-l and Helios-2," in Proc.
10th Leningrad Internatfonal Seminar, Nuclear Space Physic. 73-27,

1978.

Bieber, J.W., J.A. Earl, G. Green, H. Kunow, R. Muller-Mellin and G.
Wibberenz, "The Interplanetary Pitch Angle Scattering and Coronal
Transport of Solar Energetic Particles: New Information from Helios,"
submitted to J. Geophys. Res.

Gold, R.E., G. Green, B. Iwers, He. Kunow and G. Wibberenz,
“Simultaneous Observations of Jovian Flectrons between 0.3 and 1 AU
from Helios-1 and M™MP~-7 and -8," to be published in J. Geophys. Res.

Green, G., and E.C. Roelof, "Scatter~free Propagation Analysis of the
March 28, 1976, Solar Energetic Particle Event Observed on Hellos-2,"
to be published.

Kunstmann, J.E., "Solutions of the Fokker-Planck Equation for the Early
Time when the Diffusive Modes are Not Yet Valid," Solar Phys. 59, 395,
1978.

Kunstmann, J.E., "A New Transport Mode for Energetic Charged Particles
in Magnetic Fluctuations Superposed on a Diverging Mecan Field,"
Astrophys. J. 229, 812, 1974.



.

B.

B.l

B.2

B.3

B.4

B.5

B.6

B.7

B.8

B.9

48

Presentations at Conferences; Technical Reports

H. Kunow, G. Wibberenz, G. Green, R. Mﬁller-MelLin, M. Witte and H.
Hempe, "Messung der Kosmischen Strahlung an Bord von Helios-1.
Eigenschaften von E 6 (Kiel) und Missionsverlauf," Vortragsreferat auf
der Fruhjahrstagung der Arbeitsgemeinschaft Extraterrestrische Physik,
Freiburg 8.-10.3.1976 HELIOS Symposium.

Green, G., H. Hempe, H. Kunow, R. Muller-Mellin, R. Reinhard, G.
Wibberenz and M. Witte, "Solare Teilchenerelgnisse bel 0.32 AE: 1.
Solare Aktivitat und Interpretation der
Zeicintensitﬁtsprofile,"Vortragsreferat auf der Fruhjahrstagung der
Arbeitsgemeinschaft Extraterrestrische Physik, Freiburg 8.~10.3.1976

HELIOS Symposiume.

Green, G., H. Hempe, H. Kunow, R. Muller-Mellin, G. Wibberenz, M.
Witte, "Solare Teilchenereignisse bei 0.32 AE: II. Korrelation mit
dem interplanetaren Magnetfeld und Winkelverteilungen," Vortragsreferat
auf der Fruhjarstagung der Arbeitsgemeinschaft Extraterrestrische
Physik, Freiburg 8.-10.3.1976 HELLOS Symposium.

Hempe, H., M. Witte, H. Kunow, G. Green, R. Muller-Mellin, G.

gber nz, "Solare Teilchenereignisse bei 0.32 AE: TII. Die H:He- und
He ":He -Verhaltnisse," Vortragsreferat auf der Fruhjgrstagugg:der
Arbeitsgomeinschaft Extraterrestrische Physik, Freiburg 8.-10.3.1976
HELIOS Symposium.

Witte, M., H. Hempe, H. Kunow, G. Wibberenz, R. Miller-Mellin, G.
Green, "Intensities of Protons and Alpha Particles above 2 MeV/n and
Energy Spectra during Solar Quiet Times Measured on Helios-1," PROJECT
HELIOS - Seminar on Scient{fic Results, Bonn 19.-21. May 1976, in IFKKI
76/8 (Okt. 1976).

H. Kunow, G. Wibberenz, G. Green, R. Muller-Mellin, M. Witte, H. Hempe
and R. Reinhard, "Solar Cosmic Ray Particle Events Measured with HELIOS
inside the Orbit of Earth," PROJECT HELIOS - Seminar on Scientific
Results. Bonn 19.-21. Mﬂ 1976, In IFKKI 76/8 (Oktc 1976).

Green, G., R. Mﬁller-ﬁellin, M. Witte, H. Hempe, H, Xunow, G.
Wibberenz, G. Musmann and F.M. Neubauer, "Angular Distributions of
Cosmic Ray Particles and their Correlations with the Interplanetary
Magnetic Field Measured during Solar Events," PROJECT HELIOS -~ Seminar

on Scientific Results, Bonn 19.-21. May 1976, in IFKKI 76/8 (Okt.

1976).

Hempe, H., M. Witte, Y. now, G. Green, R. Miller-Mellin and G.
Wibberenz, "H/He and “He/"He Ratios in Solar Cosmic Ray Events Measured
by HFLIOS 1 ~t a Distance of 0.32 AU from the Sun," PROJECT HELIOS -
Seminar on Scientific Results, Bonn 19.-21 May 1976, in IFKKI 76/8
(Okt. 1976).

Green, G., "Cosmic Ray Pitch Angle Distributions Calculated from
Measurements on Spin Stabilized Spacecraft: A Comprehensive
Mathematical Method," EOS, Trans. AGU 57, 979, 1976. Vortrag: AGU Fall
Meeting, San Francisco, CA, 6.-10.12,76.



B.10

B.11

B.12

B.13

B.14

B.15

B.16

B.17

B.18

B.19

49

Wibberenz, G., G. Green, R. Muller-Mellin, M. Witte, H. Hempe and H.
Kunow, "Pitch Angle Distribi.cions of Charged Particles in
Interplanetary Space Measured on HELIOS during a Solar Event," EOS,
Trans. AGU 57, 980, 1976. Vortrag: AGU Fall Meeting, San Francisco,
CA, 6.-10.12.76.

Kunow, H., G. Wibberenz, G. Green, R. Muller~Mellin, M. Witte and H.
Hempe, "Solar Cosmic Ray Particle Events Detected with Helios between
0.3 and 1.0 AU." EOS, Trans. AGU 57, 978, 1976. Vortrag: AGU Fall
Meeting, San Francisco, CA, 6.-10.12.76.

Muller-Mellin, R., M. Witte, H. Hempe, H. Kunow, G. Wibberenz and G.
Green, "Cosmic Ray Radial Intensity Gradients in the Inner Solar
System,"” Int. Symposium on Solar-Terrestrial Physics, Boulder,
Colorado, June 7-18, 1976. 1In IFFKI 76/6, Okt. 1976.

Kunow, H., G. Wibberenz, G. Green, R. Mﬁller-Mellin, M. Witte, H. Hemne
and R. Reinhard, "Solar Cosmic Ray Particle Events Measured with HELIOS
inside the Orbit of the Earth," Int. Symposium on Solar-Terrestrial

Physics, Boulder, Colorado, June 7-18, 1976. In IFFKI 76/6, Okt. 1976.

Kunow, H., G. Wibberenz, G. Green, R. Mﬁller-Mellin, M. Witte, H.
Hempe, A.G. Hasler, I. Fuckner and B. Iwers, "Temporal and Spatial
Variations of Cosmic Ray Intensities during the First Part of the
HELIOS-1 Mission," 18th Plen:ry Meeting of COSPAR, Varna, Bulgaria, 29,

May-7, June 1975.

Wibberenz, G., G. Green, R. Muller-Mellin, M. Witte, H. Hempe, J.
Fuckner and H. Kunow, "Die Messung solarer Ereignisse mit HELIOS-2,"
Fruhjahrstagung der Arbeitsgemeinschaft Extraterrestrische Physik,
Braunschweig, 1977.

Kunow, H., G. Wibberenz, G. Green, R. Mﬁller-Mellin, M. Witte, H.
Hempe, E. Stone, R. Mewaldt and R. Vogt, "Gleichze{tige Beobachtung
eines korotierenden Ereignisses bel verschiedenen radialen Abstanden
von der Sonne zeischen 0.42 und 1.0 AU mit Instrumenten an Bord von
HELIOS 1 und 2 und ™MP 7 und 8," Fruhjahrstagung der
Arbeitsgemeinschaft Extraterrestrische Physik, Braunschweig, 1977.

Witte, M., H. Hempe, G. Green, H. Kunow, R. Muller-Mellin and G.
Wibberenz, '"Variation of Alpha-to-proton Ratios for Solar Events
Observed during STIP Interval 1I,"™ L.D. de Feiter Memorial Symposium on

Study of Travelling Interplanetary Phenomena, Tel Aviv, 1977.

Wibberenz, G., H. Kunow, G. Green, R. Mullar-Mellin, M. Witte, H.
Hempe, R. Mewaldt, E.C. Stone, R.E. Vogt and R. Reinhard, "Radial
Development of a Solar Cosmic Ray Event between 0.4 and 1 AU on March
3, 1975, as Observed from Helios 1 and IMP (abstract),"” Prod. 15th Int.
Cosmic Ray Conf., Plovdiv, Bulgaria 5, 188, 1977.

Witte, M., "Untersuchung des Langzeitverhaltens der Kieler
Messinstrumente an Bord der Raumsounden Helios 1 und Helfos 2," Report

IPKKI 78/1, 1978.



B. 20

B.21

B.22

B.23

B.24

B.25

B.26

B.27

B.28

B. 29

C.

c.1

50

Bieber, J.W., and J.A. Earl, "Theoretical Prr.iction of Fluxes during
Sclar Particle Events," Vortrag: Fruhjahrst. sung Arbe{tsgemeinschaft
Exterrestrische Physik, Munchen, Mai 1978.

Beiber, J.W., J.A. Earl, G. Green, H. Kunow, R. Muller-Mellin, G.
Wibbeenz, "Interpretation of Solar Energetlc Proton Angular
Distributions Observed aboard Helios 2 on 28 March 1976," Vortrag: 6th
European Cosmic Ray Symposium, Kiel, 1978.

Green, G., E.C. Roelof, H. Hempe and M. Witte, '""The Scatter-free
Approximaticn--A Propagation Model for the March 28, 1976, Solar Flare
Event Observed on Hellos-2," Vortrag: 6th European Cosmic Ray
Symposium, Kiel, 1978.

Green, G., B. Iwers, H. Kunow, G. Wibbeenz, H. Hempe, R. Muller-Mallin,
M. Witte, "Jovian Electrons Observed on Helios 1 and Helios 2,"
Vortrag: 6th European Cosmic Ray Symposfium, Kiel, 1978.

Zollich, F., G. Green and G. Wibberenz, '"Cosmic Ray Effects Observed on
Helios 1 during an Interplanetary Shock on January 6, 1975,”"
Vortrag: 6th European Cosmic Ray Symposium, Kiel, 1978.

Zollich, F., "Untersuchungen der Winkelverteilungen energiereicher
Protonen und Alphateilchen an Bord von Helios 1 wahrend des ESP-
Ereignisses am 6.1.1975," Vortrag: Fruhjahrstagung
Arbeitsgemeinschaft Extraterrestrischer Physik, Munchen, Mai 1978.

Gold, R.E., G. Green, S.M. Krimigis, B. Iwers, H. Kunow, G. Wibberenz,

H. Hempe, R. Muller-Mellin and M. Witte, "Simultaneous Observations of

Jovian Electrons between 0.3 and 1 AU from Helios 1 and 2 and IMP 7 and
8," EOS, Trans. AGU _62, 93, 1979.

Beiber, J.W., J.A. Earl, G. Green, H. Kunow, R. Muller-Mellin and G.
Wibberenz, "Pitch Angle Scattering of Solar Energetic Particles: New
Information from Helios,” Vortrag: 16th Int. Cosmic Ray Conf., Kyoto,

Japan, 1979.

Witte, M., G. Wibberenz, H. Kunow and R. Mﬁller-ﬂellin, "On the
Rigidity Dependence of the Mean Free Path 31/ap for Solar Flare
Particles derived from thelr Proton/Helium Time Variations,"
Vortrag: 16th Int. Cosmic Ray Conf., Kyoto, Japan, 1979.

g;mpe, H., R. Muller-Mellin, H. Kunow and G. Wibberenz, "Measurement of
e-rich Flares on board Helios 1 and 2," Vortrag: 16th Int. Cosmic

Ray Conf., Kyoto, Japan, 1979.

Theses at the University of Kiel (Diplomarbeiten; Dissertations)

Ivers, B., "Energieeichung und Bestimmung des Auflasungsvernogens des
Helios-Experiment 6 am Hamburger Isochron Zyklotron," Diplomarbeit,
Kiel 1976.




C.2

c.3

C.4

C.5

C.6

C.7

51

Vieille, C.P., "Fnergilespektren von 4=50 MeV Protonen der kosmischen
Strahlung an Bord der Sonnensonde Helios, Diplomarbeit, Kiel, 1977.

Zollich, F., "Theorie der Compton-Getting-Korrektur und ihre
Anwendungen auf Messungen von Winkelverteilungen der solaren kosmischen
Strahlung an Bord von Helios 1," Diplomarbeit, Keil, 1977.

Jepsen, U., "Ansprechverhalten des Experiments 6 an Bord von Hellos A
und B auf Protonen der kosmischen Strahlung mit Energien grosser als 51
MeV," Diplomarbeit, Kiel, 1978.

Stange, K.-L, "Untersuchung der Ansprechwahrscheinlichkeit und der
Energieauflosung in der Randzone von Halbleiterdetektoren,'
Diplomarbeit, Kiel, 1978.

Witte, M., '"Das Verhaltnis von Protonen und a-Teilchen in solaren
Flareereignissen und seine Aussagen zur interplanetaren
Teilchenausbreitung,'" Dissertatiou, Kiel, 1979.

Hempe, H., "§olare Bsilzhenereignisse mit einem hohen
Isotopenverhaltnis “He/"He gemessen an Bord von Helios," Dissertation,

Kiel, 1979.




~
F“‘
:
1
-t

——————riw

52

COSMIC RAY EXPERIMENT (E 7)

PoTI.: James H. Trainor, T.ahovatory for High Energyv Astrophysics,
NASA/Goddard Space Flight Center, Greenbelt, MD  U.S.A.

Co-1’s: Frank B. McDonald, Thomas. L. Cline, Upendra. D. Desai and Bonuard J.
Teegarden, Laboratory for High Energy Astrophysics, NASA/Goddard,
Greenbelt, MD U.S.A.

Kenneth G. McCracken, CSIRO, North Ryde, N.S.W., Australia

Michele Van Hollebeke, NASA/GSFC and University of Maryland, College
Park, MD U.S.A.

The purpose of the Helios experiment E7 is to carry out investigations of
the energy spectra, charge composition and flow patterns of both solar and
galactic cosmic rays. Three separate dE/dx vs. E telescopes, in combination,
enable the following particle species and energy ranges to be measured:
electrons, 50 keV to» "8 MeV; protons, 100 keV to “800 MeV; alpha particles, tn
600 MeV/nucleon; hedavier elements up to Neon to ~200 MeV/nucleon. The
experiment includes a proportional counter to mouitor solar X-rays in the

range 2 to 8 keV with coarse event location on t.2» Sun.

In addition, Helios-2 includes a gamma-ray burst detection system (co-
investigators for this portion are T.L. Cline, U.D. Desat and B.J.
Teegarden). The instrumentation for the gamma~ray burst system {ncludes a
separate sensor with a memory that preserves each gamma-ray burst time history
with 4~millisecond time resolution. The purpose of this experiment {s to
accurately triangulate gamma~ray transient source positions by comparing wave

front profiles with other interplanetary and near-Earth sensors.

Introduction

The Goddard Space Flight Center cosmic ray experiments aboard Helios-l
and -2 are used to investigate a number of astrophysical problems ranging from
solar cosmic rays to interplanetary acce'~-ation process studies to studies of
the galactic end the so~called anomalous component. The broad solar minimum
condition which persisted from 1972 to the beginning of 1978 favored some

studies such as that of interplanetary energetic particle streams related to
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corotating interaction regions and that of the radial gradient and the energy
spectra of the galactic and anomalous components. Solar cosmic ray strdies
progressed more slowly, with only a few solar flare events being observed by
Helios before late 1977, at which time a few large solar flares were reported
from the new solar cycle. A number of the studies described here are still in
progress, since the observation of a larger sample of events is necessary to

lead to definite conclusions.

A. Solar Cosmic Rays

(1) Intrinsic Characteristics of Solar Flares

One important chuaracteristic in studying acceleration processes 1is
the source energy spectrum. This has been investigated in the past by Van
Hollebeke et al. (1975) using data from a large number of events observed at 1
AU. By analyzing the variation of the proton energy spectrum with the
azimuthal distance from the flare to the observer connection longitude, these
authors found that over the limited energy range from 20 to 80 MeV, the
spectrum of the proton number density can be expressed as a power law in
kinetic energy (N(E)"E"6 for events associated with flares that are well-
connected magnetically to the observing spacecraft. 6 has a very small
dispersion, with 902 of the events ranging between 2.5 and 3.7. It was
further discussed that the effect of interplanetary transport can be
neglected, provided this spectrum is determined from measurements made at
maximum intensity. Thus, such a measured spectrum could be considered a: a

good representation of the source spectrum.

From Helios-1l and -2 observations at “.6 AU of a flare-assocliated event
magnetically well connected, it now appears that over the extended energy
range from .3 to 300 MeV the protnn spectrum departs slightly from a power
law, since it bends at energies below 1 MeV and steepens above 200 MeV. A
calculation by Ramaty (1979), using a Fermi acceleration process for the
second stage acce’eration, gives a very good fit to the data. Figure 1
{llustrates this calcilated fit (dashed line), superimposed on the measured
proton spectrum, for the April 8, 1978, event. To further confirm this study,
more observations at close distauces to the Sun of events magnetically well
connected to Helios are necessary. Due to the increasing number of large
flares iucoming from the new solar cycle, we expect that a conclusion of thise
study will soon develop.
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(2) Coronal Transport and
Particle Release

Evidence of a "fast

propagation region,"

where energetic
particles appear to have nearly
immediate access to the
interplanetary magnetic field over a
region extending +60° from the flare
site, was found earlier from
statistical studies of flare-
assoclated events detected by a
single spacecraft observation at 1
AU near the Earth.

Helios-1 and -2, closer to the Sun

Observations by

and at different azimuthal distances
with respect to the flare site, of a
few flare-associatd events have
further confirmed the existence of
this fast propagation region. 1In
addition, the fast component,
attributed to energetic particles
propagating in front of the flare-
associated shock, has been
identified in the case of the very
energetic event of April 28,
1978,when Helios was at .3 AU from
the Sun, as a spike occurring just
before the main increase of the
event. This study, presented at the
16th International Cosmic Ray
Conference, is being extended u.ing
both magnetic field and anisotropy

measurements to determine: (1) the

role of the shock in the acceleration
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mechanism preceeding the release of the particles into the interplanetary

medium, and (2) the physical process leading to the release of energetic

particles in front of the shock.
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Using mainly statistical analysis of observations of a large number of
events by a single spacecraft, past investigations of the energy dependence of
the release of particles into the interplanetary medium (after their transport
in the corona) have been quite controversial. Based on the observed increase
of the gpectral index away from the flare longitude, and assuming that the
coronal propagation is independent of energy, Van Hollebeke et al. (1975)
concluded that there was a dependence of energy (or velocity) for the escape
rate. However, two similar studies at different energies by mcKibben (1973)
and Reinhard (1975) did not show any dependence of the slope of the energy
spectrum with heliolongitude. Helios-1l and ~2 and Voyagers 1 and 2 provided
the first opportunity to resolve this apparent discrepancy. The spacecraft
longitudes were 120° apart during the observation of a series of solar flares
observed in September 1977. An analysis was performed by Conlon et al. (1979)
of the variation with the heliolongitude of the spectral shape and of the
abundance of alpha particles relative to protons. For this series of flare-
agsoclated events, the analysis supports the earlier conclusions of Van
Hollebeke et al. (1975). However, the energy spectrum for this series of
events 1is generally harder than that found in the previous statistical
analysis of flares detected during the previous solar cycle (see Fig. 2).

Fig. 2: Variation of the energy spectral N\ e
index with the flare heliolongitude relative
to the observer connection longitude. The
data points are observations by Helios-2 and
Voyagers 1 and 2 for the September 1977

geries of events. The dashed contours refer Nl xseere
to the envelope which contained 90%Z of the o SEPT. 28
events observed during the previous solar ol . —
cycle and were previously analyzed by Van ” At ° wist 10

Hollebeke et al. (1975). (From Conlon et LSPACEERAFT CoNECTED 0 0°)
al., 1979).
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Preliminary analysis seeems to indicate that this difference may reflect
changes in the dynamics of the acceleration process, either for this
particular active region only, or for all flares observed during the present
solar cycle. This study, which is of great importance to understanding the
dynamics of acceleration processes relating to solar cycle, is being pursued

on more solar particle events which have since occurred.
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B. Corotating Energetic Particle Streams, Interplanetary Acceleration

The corotating energetic particle streams are the major source of MeV
protons in the outer heliosphere during solar minimum. The discovery of a
positive radial gradient by Pioneers 10 and 11 between 1 and 4 AU led McDonald
et al. (1976) to propose interplanetary acceleratifon as the most plausible
explanation for the formation of those streams and to suggest the suprathermal
distribution of the solar wind as a possible source of particles. To assist
in the confirmation of this result and to define the possible type of
acceleration mechanism and the origin of the pre-accelerated particles,
detailed studies of the main characteristics of these events have been
performed. These studies used primarily the network of cosmic ray experiments
now available with Helios~1l and -2 (between .3 and 1 AU), IMP-7 and -8 (near
Earth, at 1 AU), Pioneer 11 (between 1 and 5 AU) and Pioneer 10 (between 1 and
10 AU) in correlation with solar wind measurements. They covered much of the

solar minimum period of Cycle 20 and ranged from .3 to 10 AU.
The main characteristics that such studies have revealed are:

(1) the existence of a positive radial gradient of some +350% per AU
between .3 and 1 AU. An average gradient exists of +100% per AU between 1 and
4 AU and a negative gradient of some =40 to -100% per AU beyond 4 to 6 AU. No
evidence of a latitudinal gradient for 8 < 15° has been found on the data
organized, with respect to heliolatitude.

(2) tlhe close association of those particle events with corotating
interaction regions (CIRs) formed between the high-gspeed and low-speed solar
wind streams (as seen by Pioneer beyond 1.5 AU) was found to persist near and
inside 1 AU with the energetic particles contained only inside the high-speed
solar wind stream, in a region adjacent to the CIR.

The form and the radial dependence of the energy spectrum is of special
importance in defining the spatial dependence of the acceleration process. It

was found that an exponential in momentum of the form dJ/dP « e~P/P

o gives a
good fit to the data for both proton and alpha particles. P, ranges typically
from 9 to 16 MV/n for most of the events and shows little variation with
radial distance from .3 to 4 AU, while the intensity may vary by more than two
orders of magnitude over this distance (see Fig. 3). The variation of the
energy spectra with respect to CIR boundaries was also studied. These

results, published by Van Hollebeke et al (1978) and Van Hollebeke et al.
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Fig. 3: Energy spectra of a corotating energetic
particle stream observed for 3 consecutive solar
rotations in 1976 (from Van Hollebeke et al., 1979).

(1979), have been used extensively by those and other authors in their
approaches to resolve the problems of the origin and interplanetary

acceleration of corotating particle streams.

C. Galactic Studies

With essentially identical cosmic ray detector systems (as on Pioneers 10
and 11), the Helios-1 and -2 missions have provided a good baseline for
measuring directly the amount of residual modulation near solar minimum when
the oserved galactic cosmic ray intensity has its larger value, and at the

time when the anomalous component is observed at 1 AU.

Ia order to determine the radial and rigidity dependence of the
modulation, the variation of the energy spectra with radial distance has been
measured over the extended range of energy from 5 to 500 MeV/n for alpha
particles and from 20 to 56 MeV and 120 to 200 MeV for protons. The periods
selected for these studies were late 1975, when Pioneer 10 was between 8.5 and
9.1 AU and Pioneer 11 at “3.8 AU (McDonald et al., 1977), and from March to
June 1977 when Pioneer 10 was “12.8 AU and Pioneer 11 at 5.1 AU (McDonald et
al., 1979).
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It was found that the observed gradient decreases with heliocentric
distance and that this change varies with energy from a ratio of 4 at 200 MeV
to 1.7 at 15 MeV. Such changes suggest that the diffusion coefficient may not
be a separable function of position and rigidity.

Above 1 GV the measured gradients of He and H are well described by
conventional modulation theory. At low energy the He 1s dominated by the
anomalous component. Observations during the second selected period show that
the spectral shapes of Helium at those energies are not greatly changed
between 1 and 13 AU (implying reduced energy losses for these particles). In
the same manner, the apparent energy loss for low-rigidity Hydrogen appears to

be appreciably smaller than expected (see Fig. 4). Those observations led
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The study of the radial

gradient between .3 and 1 AU has been more difficult. In addition to the
radial gradient, measurements made by Helios from .3 to 1 AU represent the
combined effects of temporal, azimuthal and latitudinal variations; some of
these variations are at least a factor of 3 larger than the expected radial
variation. The large~scale temporal and azimuthal effects have been eliminsted
by using the ratio of the particle intensities measured at Helios to that
measured by IMPs 7 and 8 at 1 AU, after correcting for corotation effects.
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Transient effects, such as low-energy particle events and Forbush decreases
associated with solar flares, have been eliminated from the data. The
resulting measurements contain both radial and latitudinal gradients and show
a gradient of less than 5% per AU for both protons and alpha particles in the
range of “115 to 220 MeV/n. This result was presented at the 16th
Tnternational Cosmic Ray Conference and seems in disagreement with the
neasurements of the University of Kiel group. It is presently being reviewed

with a more extensive set of data.

D. Gamma-ray Bursts

Gamma ray transients have been successfuly observed with Helios~2 on over
20 occasions during 1976 fo 1979. At least six of these events were also
detected by the other space probes and Earth satellites forming an
interplanetary gamma-ray burst sensor network, including Ploneer-Venus
Orbiter, Venera-1l and =12, ISEE-3, Prognoz-7 and the Vela system. Their use
as a long-baseline timing array for acurate wavefront triangulation has
produced the first precise (arc minute diameter) gamma-ray burst source
locations. The first source object identification for a gamma-ray transient
was the N49 supernova remnant in the Large Magellanic Cloud, a galaxy outside
our own. The 5 March 1979 transient originating there was shown not to be a

typical gamma-ray burst, but a new type of cosmic outburst.

The consequences of this discovery should prove to be very important in
high energy astrophysics. One recently suggested explanation (Ramaty et al.,
1980), taking into account both the great distance of the IMC and the exact
details of the observed spectrum of the transient, involves an internal
transition in a neutron star, which dissipates its energy with gravitational
radiation. If this is a true explanation, the 5 March 1979 transient is the
first detected neutron star transition and can be considered the first direct

evidence for gravitational radiation.

Studies of source locations of gamma-ray bursts of the classical Vela
variety are presently being undertaken with optical and X-ray telescopes.
These source fields are presently "empty" sky, not other supernova remnants or

other known X-ray emitters.
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Donald J. Williams, NOAA, ERL-SEL, Boulder, CO U.S.A.

A. Short Description of the Instrument and Its Primary Purpose

The instrument developed at our 1{nstitute (weight: 3.5 kg; power:
4.4 W) utilizes an inhomogenous magnetic field for separatlon of charged
particles. Protons (and heavier particles) traverse the magnetic field almost
unaffected and are detected 1in a telescope arrangement consisting of 2
semiconductor detectors (Silicon surface barrier detectors). Electrons are
focused and detected by 4 semiconductor detectors. Positrons (if present)
will be deflected in the opposite direction and detected there in another
detector. The latter one is protected in a telescope arrangement, 1n order to
suppress background. The instrument is almost normal to the spin axls of the
probe and detects pacticles which are coming from an angular range of #15°
above and below the ecliptic plane and +10° in the ecliptic plane. By
utilizing the probe spin, measurements are perf. =d in 16 sectors in order to

determine the angular distribution of particles.

Theilr energy 18 determined by pulse~height analysis of the various
detector signals. The cnergy spectrum of the particles 1is obtained secparately
in all 16 sectors. In total, there are 551 different counting rate words (8
bits each, quasilogarithmically compressed) transmitted; in addition, 3
status-indicating and 20 housekeeping words (voltages, currents, temperatures,
noise) are transmitted. The shortest sampling time 1= about 6 seconds. 1In
regular intervals an in-flight calibration is performed, during which, by

electrical means, the amplifiers, thresholds and complicated logic are tested.
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B. Highlights of Results

(1) Magnetospheric Studies with Helios

Fortunately for both Helios-1 and -2, it became possible to turn on
some of the instruments soon after launch, while the gpacecraft were still
within the Earth’s magnetosphere. Using the magnetometer data and our low-
energy particle data we were able to investigate the passage of the Earth’s
magnetopause and magnet~<heath more closely. The spacecraft, with its spin
axis in the ecliptic plane, traversed the magnetopause at the dusk side closer
to the subsolar point than most other spacecraft. From our study we were able
to confirm the existence of the energetic electron layer just outside the
magnetosphere and also to identify what we call the "ion layer,”" which 18 of a
similar nature. The data indicate that the particles are straaming away from
the subsolar point along the magnetopause, and also that there seem to be two
popt lations present: one which 18 clearly seen at higher energies with
typically flat energy spectra, and another seen only at lower energies with
typlcally steep energy spectra with a similar slope for lons and electrons.

It {s this particle population which seems to stem from acceleration at the
magnetopause through a magnetic merging process. From the intensities we see,
we conclude that the energy flux appearing in these lower energy particles,
mostly the ions, irs consistent with what one would expect from merging. Also,
we propose that the acceleration process to be considered essentially brings
plasma particles up into the several tens to a few 100 keV energy range.

This, on the other hand, would only require acceleration of a minor percentage
of plasma particles (*10'3), which would not be noticed by plasma

measurements.

(2) Interplanetary Studies

The first interesting event seen on Helios occured on January 6,
1975. Here, a shock front passed the spacecraft which considerably affected
the low=-energy ion population. Using the Helios instrument set we were able
to investigate this event very closely so that the particle spectra obtained
during this event could be compared with existing models of shock acceleration
of particles. Most important in this context was our finding that the
application of the Compton-Cetting correction at low energies was not only
mandatory, but that in order to perform the transformation correctly (and not
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rely on unproven or simplified assumptions), the energy spectra of ions had to
be measured as a function of direction, which we actually do ian 16 sectors.

We also noticed that most instruments in the low-ene~ gy regime are sensitive
not only to protons but to heavier ions, as well, which, during fast solar
wind conditions, could actually result in comparable contributions to the

counting rate.

A study has now been completed in which plasma and magnetic field
data have been used to describe a shock: The energetic particle data have
been searched to test for the circumstances which essentially allow
acceleration of charged particles. The general findings of this study were
that particles are only accelerated 1f the shock propagates almost normal to
the magnetic field, and that some particle population has to be present out of
vhich, apparently, the acceleration process works.

A very interesting observation by the two Helios spacecraft was made
during the solar flare event in November 1977. (This event was discussed
during the Helios-Voyager Workshop, and the results will be published soon.)
The two spacecraft, ssparated by ~25° in longitude, observed the arrival of
relativistic psrticles simultaneously. Different from Helios-2, Helios-1 did
not see lov-energy particles at all, while at Helios-2, close to the
relativistic particles, low energy electrons (< 100 keV) arrived in remarkable
fluxes. Long after the peak of the relativistic particles, low-energy ions
ware also observed. This low-energy population was vwiped away when the
interaction region, preceeding a fast solar wind stream, passed Helios-2.
Physical properties of these interaction regions are presently being studied.

Low-energy elactrons quite often show, vhen they arrive at the
spacecraft, a remarkable time dispersion «ffect. We are presently studying
vhether thess slectrous are causing electron plasma oscillations which have
often been observed. A clear relationship between both has never been
established, but hss often been suggested.

With solar activity returning abruptly in Saptember 1977, we have
nov had numerous observations of low-energy particles related to solar
flares. Several studies sre now under way to investigate those effects.
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(3) Possible Results Expected During Solar Maximum

With the rise of the solar cycle, which started almost suddenly in
September 1977, the conditions in interpianetary space changed, as well.
While during the quiet times interplanetary shocks were a relatively rare
phenomenon, their number has since increased, as has the number of times we
have encountered low-eneérgy charged particle populations. Thus, during the
maximum phase of the solar cycle, we expect to significantly increase the
number of examples of shock acceleration of charged particles to be studied,
thus to broaden the basis for refining and improving models for
acceleration. The frequency of solar flares has also increased so that
propagation studies of charged particles in the inner portion of the solar
system can be improved. Until now we have seen only a few examples of flare
propagation, while the probes were within the orbit of Mercury.
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The experiment consists of three photometers, each measuring the
brightness and polarization of the zodiacal light in three wavelength bands:
ultraviolet (360 nm), blue (420 nm) and visual (540 nm). On Helios-1 the
photometers are directed south of the ecliptic, scanning bands at ecliptic
latitudes -16°, -31° and the region of the south ecliptic pole. Helios=-2

surve}s the corresponding areas north of the ecliptic.

The primary purpose of this experiment is to deduce from the zodiacal
1ight observations the spatial distribution of interplanetary dust within
1 AU.

Results to Date

From the beginning (1) the zodiacal light observations showed a
remarkable smoothness and reproducibility. This is illustrated in Figure 1,
vhich shows the average sky brightness as a function of heliocentric distance,
as observed by Helios-l and =2 during one orbit in the first half of 1976. A
more detailed presentation of all available measurement during January 1975
for one specific viewing direction is shown in Figure 2. Note that part of
the remaining scatter is due to changing star background. Work is in pi.ogress
to search for flucinations in the zodiaal light of the order of a few percent,
which could be attributed to spatial condensations of interplanetary dust or
to solar activity.

The increase in sky brightness towards perihelion is due to increased
zodiacal light brightness. The quantitative increase in zodiacal light
brightness alone is shown in Figure 3 for specific viewing directions. Again,
there is a difference between the inbound (upper) and outbound parts of an
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Fig. 1: Observed sky
brightness (zodiacal light
plus star light) as a function
of heliocentric distance R of
Helios. The average
brightness over the band at
ecliptic latitude 16° is
shown, normalized to the value
at aphelion. The difference
between the inbound (points)
and outbound parts of the
orbit is due to the tilt of
the plane of symmetry. The
peak at 0.8 AU is due to the
passage of comet West.
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orbit, due to the tilt of the plane of symmetry. The measurements are well
represented by straight lines, corresponding to a power law I(R)“‘R"Z'ho'1 for
all viewing directions. From this, the radial distribution of interplanetary
dust can be determined as n(r)“r'l'3io‘1, where r is the heliocentric distance
of the dust particles. Detafled discussions (3,5,6) have shown that this

power law-dependence should hold from less than 0.1 AU to outside 1 AU.

The spin axis of Helios i{s oriented towards the eclipric pole and the
photometers are scanning along bands parallel to the ecliptic. The tilt of
the plane of symmetry of interplanetary dust with respect to the ecliptic,
therefore, in general leads to a brightness difference between observations
performed-~for a given position of Helios on its orbit-—at the same angular
distance right or left of the Sun. This right-left asymmetry is largest when
Helios 18 close to the nodal line of the plane of symmetry (uppermost set of

observations in Figure 4). It should be zero when Helios 1s perpendicular
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to the nodal line. The data presented in Figure 4 show exactly this predicted
behavior: The right-left-assymmetry decreases while Helios is approaching the
position perpendicular to the nodal line, vanishes at this point, then builds
up again with opposite sign. It is the significance of these measurements
that the longitude of the nodal line may be determined, free from models,
directly from the longitude of Helios at which the zero crossing occurs.
Figure 5 shows that the longitude of zero crossing may be determined within a
few degrees from the varifation of the right-left asummetry. The ascending
node of the plane of symmetry of interplanetary dust was found from eight such
independent determinations with Helios-1 and-~2 as

Q= 87140. Similarly, the inclination of

the plane of symmetry can be determined by .

an attitude maneuver. When Helios is at a0 Fignt- teft-asymmetry (%) o |

the nodal line, the tilt of the spin axis Helios 2. f5=1%:
€=7
necessary to make the right-left asymmetry +5 |

disappear 1s just equal to the tilt of the

plane of symmetry. Such a maneuver was 0
performed (Figure 6) and gave an
inclination of the plane of symmetry of
1-3.0*0.30. There appears to be one well-

defined plane of symmetry from inside 0.3

P ——

AU to at least 1 AU (10). The plane found 300 330 )‘3(-)
by Helios clearly deviates from Jupiter’s

orbital plane or the invariable plane of Fig. 5: Determination of the
solar system (@ = 107°, 1 = 1.6°). This longitude of Helios at which

the right-left assemetry

deviation still has to be explained. dissappears. The points give

electromagnetic forces associated with the average asymmetry observed
o
the moving interplanetary plasma are for angular distances < 70
from the Sun.

possible candidates for such an

explanation.

Future work will include a search for a change in particle properties
with heliocentric distance, which should show as a change in color and
polarization of the zodiacal light. An extension of the Milky Way photometry
(7) and evaluation of the comet ohservations are also desirable. Because
Helios is situated far from any disturbing sources related with the Earth’s
atmosphere, it is especially well suited to search for short-time fluctuations

A A Ao A5 V9 7 i, 5
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Fig. 6: Determination of the inclination of the plane of
symmetry by an att{tude maneuver on Days 341/342, 1977, close
to the ascending node of the plane of symmetry. The intensity
scale 1{s valid for the lowest curve only, others are displaced
by a factor of 2. Points refer to observations right of the
Sun. 6 gives the tilt of the spin axis from its nominal
position (towards the ecliptic pole).

with solar activity or long-term variations with solar cycle. Any observable
effects wruld be important clues for the clarification of the dynamics of the
dust particles. It is for these topics that continued observation through the
plane of maximum solar activity are extremel, valuable.
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THE MICROMETEOROID ANALYZIR (E 10)

P.I.: Eberhard Grun, Max-Planck-Institute fur Kernphysik, Postfach 10 39
80, 6900 Heidelberg -~ 1, West Cermany

CO-I°s: Hugo Fechtig, Jochen Kissel, Max~Planck-Institute fur Kernphysik,
Postfach 10 39 80, 6900 Heidelberg - 1, W. Germany

Peter Gammelin, Electroni: Projectierung, Waildmichelbach, W. Germany

MICROMETEQROTD EXPERIMENT - DATA ANALYSIS

P.T.: Richard Heinrich Giese, Ruhr-Universttat Bochum, Bereich
Extratecrrestrische Physik, Bochum, W. Germany

CO0.1"s: Klaus Dietrich Schiidt, Gerhard Schwehm, Ruhr-Universttat Bochum,
Bereich Extraterrestrische Physz!k, Bochum, W. Germany

The objective of the micrometeorcid experiments c¢n the Helins miasion is
to investigate the distributfoun of interplanetary dust in the Inncr solar
system, to study 1ts dynamics and to det:rmine the physical and chemical
characteristlcs of micrometeoroids. Each spacecraft carries on board two
sensors: the ecliptic sensor mcasures dust particles which have irajectorics
within or close to the ecliptic plane while the south sensor (Helios-~1) and
the north sensor (Helios-2) detect particles with highly inclined
trajectories. The ecliptic sensor is shielded by a thin f{lm as protection
against solar radiation. Micrometeorolds are detected by the electrons and
fons produced upon imprsnt onto the scnsor and the ions are mass analysed in a
time-of-flight spectrometer. From the charge relcased and frcm the rise-time
of the charge pulse, the mass and sneed of micrumeteoroids are derived.
Orbital information of interplanetary dust particles is obtained from the
radial and azimuthal distribution of the impacts. The chemical composition of
micrometeoroids {s characterized by the impact mass-spectra from individual

particles.
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About 25 impacts have been recorded per revolution of a Helios spacecraft
around the Sun. Figure 1 shows the orbits of the Earth and Helios~-1.
Superimposed on the Helios orbit are the positions where impacts were
observed. The bars attached to the heavy dots represent the sensor pointing
direction at the time of impact. The length of the bar indicates the measured
pulse height of the positive impact charge, which roughtly correspond to the
particle’s mass.

X
HELIOS 1 § 0 :3$solzsmn
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Fig. 1: Impacts detected during the "

first 6 orbits of Helios~-l around
the Sun. Bars attached to the heavy

dots indicate the pointing direction Pig. 2. Radial varia-
of the experiment at the time of impact. tion of the observed im-
The length of the bars represent the pact rate onto the
magnitude of the charge released upon micrometeoroid

impact., experiment.

The highest impact rate of approximately 0.5 impacts/day of particles
vith masses m > 10’123 observed was observed as perihelion (0.3 AU). Figure 2
shows the radial dependence of the impact rate. The increase of impacts
towards the Sun can be fitted by a power lawv with an exponent of =2.5+0.8.This
measurement is compatible with both measurements of the dust impact rate at 1
AU (1) and the increase of the zodiacal light intensity towards the Sun (2).

Each micrometeoroid impact is identified by the measurement of a time-of-
flight mass spectrum of the positive ions released upon impact. Figure 3
gives the raw spectrum of an individual impact and the best fit of the ion
Mass spectrum. Mass analyses of the spectra showed that 40X of the observed
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spectra have the peak abundance HELIOS 1 %- 358

a — 7

below 35 amu which corresponds to
chondritic compositon; likewise, 402
have peak abundances above 35 amu
which are preliminarily identified

\‘\\\\

it with insitumental response
function

won cursent larbitrary units}
ST

as Iron meteroids (3). Twenty H
percent of the spectra could not be
identified in either class.

The azimuthal distributions of
impacts which were observed inside -
0.55 AU from the Sun on both the

ecliptic snd the south sensors are R T e

time of flight

displayed in Figure 4. Each impact

is represented by an area which Pig. 3. Time-of-flight spec-
corresponds roughly to the angular trum of the ions released

upon impact of a micrometeroid

sensitivity with respect to azimuth. onto a Hellos sensor.

For each sensor three curves are

shown: small particles (I A < 2),

big particles (I A > 2) and the sum of both. Most impacts on the ecliptic
sensor vere observed when it was pointing in the direction of motion of Helios
(apex direction: 0°). 1In contrast to that the south sensor detected most
impacts when it was facing in between the solar (90%) and antapex (180°)
directions. Orbit analysis showed that the "apex" particles vhich are
predominantly detected by the ecliptic sensor have eccentricities e < 0.4 and
semimajor axes a < 0.5 AU PFrom comparison with corresponding data from the
south sensor it is concluded that the average inclination of these particles
1s below 30°. The excess of impacts on the south sensor have orbit
eccentricities ¢ > 0.4 and semimajor axes a > 0.5 AU B-meteoroids (4), which
leave the solar system on hyperbolic orbits, are directly identified by the
imbalance of outgoing (away from the Sun) and ingoing small particles. The
dats from the ecliptic and north sensors of Helios~2 are in agreement with the

data from Helios-~l which indicates no strong north-south asymmetry of the
interplanetary dust cloud.

e AP e 1
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Fig. 4: Azimuthal distribution of impacts onto the ecliptic
and south sensor. An individual impact {s represcnted by the
angular prnbability distribution (upper right hand corner)
centered on the sensor pointing direction (apex direction =
0°, sun direction = 90°).

(a) ecliptic sensor

(b) south sensor

During the first 6 orbits of Helios-l around the Sun, the experiment
registered a total of 168 meteoroids; 52 particles were detected by the
ecliptic sensor and 116 particles by the south sensor. Figure 5 shows the
pulse-height distributions of the positive impact charge. The axcess of
{mpacts on the south sensor with respect to the impacts on the ecliptic sensor
consist predominantly of small impacts (small pulse~height numbers). But
large impacts, ss well, were statistically significantly more abundant on the
south sensor than on the ecliptic sensor. 2Zodiacal light observations show
that {nterplanetary dust is concentrated towards the elciptic plane (5), and,
hence, the ecliptic sensor should observe at least as many impacts as the
south sensor. Thersfore, it is assumed that the observed difference of the
nusber of impacts is dus to the only difference between the seunsors, i.e. the
entrance film in front of the eclintic sensor. Extended laboratory studies of
penetration effects succeeded in incdentifying the penstration limit of ‘'he
Helios filwm (6) for low-density projectiles. It wss shown that only very low
density particles (densities below 1 ;/cns) produce upon impact the charge as
observed by the south sensor but are not sble to penetrate the film in fromt
of the elciptic sensor. It was concluded that at least 20X of the particles
detected by the south sensor have densities below ! 3/:-3. This 1is in good
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agreement with the interpretation of zodiacal light observations which require
fluffy particles as major parts of the interplanetary dust population (7).

HELIOS 1 SOUTH SENSOR

HELIOS 1 ECLIPTIC SENSOR Dec.12.19% - Jun. 26.1970 -
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Pig. 3: Pulse-height distributions of the positive ion
charge. The linear pulse~height number scale corresponds to a
logarithmic charge scale covering 4 orders of magnitude of
charge.

(a) ecliptic sensor

(b) south sensor

Osculating orbital elements of micrometeoroids have been computed from
the impact speed, the spacecraft position and viewing direction at the time of
impact. Dus to the large field of view and the uncertainty of impact speed
nesasureman:, only probability distributions of the orbital elements of
micrometeoroids are computed (8,9). Since particles in the observed mass
range are subjected to radiation pressure, a mass-dependent model of radiation
pressure (10) is taken into account. Many of the psrticles with masses delow
10""3 are hyperbolic orbits, vhereas all particles above 10""3 ate on bound
orbits. These larger particles contribute to the zodiscal light. The group
of hyperbolic particles is classified in particles entering and leaving the
sclar system or being detected close to their perihalion. Table 1 shows that
classificstion for the particles from the first 6 orbits of Helios-l around
the Sun.
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Table 1: NUMBERS OF HYPERBOLIC PARTICLES

(assuming a mass dependence of the radiation pressure according to [10]).

South Sensor Ecliptic Sensor
Into the solar system 17 9
Out of the solar system 26 11
Detected close to perihelion 16 4

A large number of particles on hyperbolic orbits have been detected
before perihelion on their inbound trajectory. These particles have their
origin outside the orbit of Helios. The difference between the inbound and
outbound particles are S-meteoroids, which are generated inside the orbit of
Helios. Theoretical considerations yield that the melting of particles near
the sun and the subsequent increase is radiation pressure which blows the
particles out of the solar system is not an efficient source of B-meteoroids
(11).

It has been shown theoretically (12,13) that there exists a strong
coupling of small interplanetary and interstellar dust particles to ihe
interplanetary magnetic field and plasma. A continuation of the Helics
mission duting times of increased solar activity may allow the experimental
verification of these effects.
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CELEST AL MECHANICS (E 11)

P.I.: Wolfgang Kundt, Institute fiir Astrophysik der Universitdt, Auf dem
Hugel 71, D=5300 Bonn, W. Germany

C0.I.”s: William G. Melbourne, John D. Anderson, Jet Propulsion Laboratory,
California Institute of Technology, Pasadena, California, U.S.A.

Short Description

The purpose of the experiment is a precise evaluation of the spacecraft
orbit based on radio signal return times (=range) and frequency shift
(=Doppler) measurements, at an accuracy of kilometers or less in the orbit
plane. For known non-gravitational forces such as the solar radiation
pressure, solar wind pressure, (smaller) radiation reactions, and for known
signal path distortions by the solar wind plasma, the orbit in space and time

can be used to test theories of gravity.

Achievements

Both missions, 1 and 2, were badly degraded (for E 11) by insufficient
coverage (effective 0.5 year rather than 2 years) and quality of range
measurements. Nevertheless, this mission is so far the best spacecraft
misaion for a test of theories of gravity because of the high orbital
eccentricity, and semi-major axis and well-defined non-gravitational

accelerations.

The latter are much easier to assess for Helios than for other missions,
for the following two reasons: (1) 1ts high spin rate reduces thermal
gradients and taugential forces; (2) by accident the inclination angle of its
solar arrays has such a value that surface normals point on average at some
45° with regard to the Sun that the solar radiation pressure does not depend
sensitively on the time-varying surface absorptivity (a perpendicular
reflection screen experiences twice the force of an absorbing screen). The
reduction is by a factor of 30. In this way, radiation pressure can be
determined with a relative accuracy of some 3'10'3, just below the level of
orbit deformations due to deviations from Newtonian behaviour. For earlier
missions, non-gravitational forces were 10 to 30 times less well known.

e oee L2
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A determination of post-Newtonian effects on the spacecraft orbit
requires sophisticated software. In view of the large unknown non-
gravitational perturbations, a simple Gaussian fit of just the searched-for
post-Newtonian parameters 1s bound to give largely overoptimistic results;
evidence of this 1s abundant. We, therefore, developed an iterated (extended
batch) filter algorithm suitable to tackle any multi-parameter orbit
determination. This filter, called COSMOS, has been written and tested by Dr.
Eckhard Krotscheck at Hamburg, supported by Dipl.-Math. O. Bohringer, and is
presently being applied to the real data.

Here 1s how COSMOS proceeds: Given at a particular time, a set of
initial data and estimated values for a certain number of parameters
describing perturbations, together with estimated uncertainties, COSMOS
predicts their propagation in time; i.e. the program calculates a tube of
growing cross section containing the predicted orbit. At the time of the next
measurement, improved phase space and parameter space data are calculated,
together with reduced uncertainties, and the next step begins. The
uncertainty tube thereby acquires a shape similar to the legs of an insect,
and (hopefully) converges towards the real orbit. Should there be an error in
the physical model, or systematic errors in the measured data, the filter

diverges. A divergent run 1s, therefore, the rule rather than the exception.

Krotscheck and Tc':!-.ar have tested our program on an orbit simulated at
the institute of our co-e.perimentors. After several months they recovered it
completely. In this process they discosered that the claimed value of the
astronomical unit was in error by some 30 Km, that the conversion from
universal time to ephemeris time had been performed with insufficient
precision, and that the tropospheric corrections had not been included.

We are presently trying the program on real data. In this process we
find ourselves repeatedly hampered by the fact that successive batches of
range data, while intrinsically smooth at the 5 10 m level, are offset by
kilometers or more in an erratic fashion. Cleaning the data appears to be a

highly non=-trivial procedure.

Publications

Kundt, W., "Spacecraft Orbit Analysis," contribution to Gravitazione
Sperimentale, proceedings of the 1976 Pavia Symposium by the Acrademia
Nazionale dei Lincei, ed. B, Bertotti, Rome, 1977.



pRwawe

- v rermeonom
b g o it e ¥ e T = e e a e - - - - -

85

FARADAY ROTATION EXPERIMENT (E 12)

P.I.”’s: G.S. Levy, Jet Propulsion Laboratory, 4800 Oak Grove Drive,
Pasadena, California, U.S.A.

H. Volland, Radioastronomisches Institut, Universitat Bonn,
Auf dem Hugel 71, Bonn, W. Germany

Co-I.”’s: M.K. Bird, Radioastronomisches Institut, Universitat Bonn
C.T. Stelzreid, Jet Propulsion Laboratory

B.L. Seidel, Jet Propulsion Laboratory

Experiment Purpose/Instrumentation

The scientific goal of this experiment is the investigation of the
dynamic and quiescent structure of the magnetic fields and electron
density in the solar corona. The analysis uses Faraday rotation
(polarization) data from the linearly polarized S-band downlink carrier
signal, which probes the solar corona during times of spacecraft

superior conjunction.
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Highlights of the Investigation--Helios E 12

A. Experiment Description

The short-period heliocentric orbit of the Helios spacecraft allows many
repeated opportunities for conducting radio science investigations of the solar
corona during superior conjunction. Since the orientation of the linearly ro-
larized carrier signal is known as it leaves Helios, measurements of the coro-
nal contribution to signal Faraday rotation § can be taken by tracking the
received signal polarization and transforming this value back to the ecliptic.
This Faraday rotation is related to the coronal magnetic field E and electron

density Ne by

Q = £ f N E . d; radians (1)
2 e
£
4 R .
where = 2.36 x 10 in mks units
f = 2.296 GHz

and the integral (1) is taken along the (straight line) ray path.

The data for the Faraday rotation experiment consists of {(t) taken typi-
cally at 10 second intervals. Using the known occultation geometry, one may
obtain Q(r,6,¢), where (r,0,¢) are the heliocentric coordinates of the point
of closest approach of the ray path (the "solar offset"). At S-band, one gen-
erally obtains good coronal Faraday rotation data on Helios at solar offsets R

between

<RK .
2RS R< 12 Rs (2)

Table 1 is a list of the Helios occultation opportunities, i.e. periods for
which (2) is fulfilled, in the years 1975 -~ 1980. The number of polarization
tracking passes and average length of pass at each occultation are also noted.
A dash entry indicates that the tracking station was not available for a given
occultation interval because of deficiencies in instrumentation. A zero entry
means that the station could have been used for the Faraday rotation experi-

ment, but the tracking station was needed for other projects. Helios operations
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at Effelsberg were terminated in August 1976. Due to technical difficulties,
the Faraday rotati..n experiment could not be continued at the German replace-
ment station in Weilheim. The NASA Deep Space Network added automatic polari-
zation tracking at the 64m stations in Canberra (DSS 43) and Madrid (DSS 63)

in early 1977. Goldstone (DSS 14) was refurbished in May 1977 and was thus
unavailable for the first occultation of Helios 2 in that year. The DSN was
committed te full coverage of the Viking primary mission in September 1976.
This unfortunately left no time for observations of the unique "double occulta-

tion" of both Helios spacecraft.

Additional details concerning the experimental technique and instrumenta-
tion may be found in (2). The problem of correction for the Earth's ionosphere

is addressed in a supplementary work (6).

B. Areas of Investigation

Three significantly different variations in the coronal Faraday rotation
may be observed during occultation:
(1) a slowly varying rise or fall in measured Faraday rotation which is
obviously due to the increasing or decreasing ray path off:ret in a

slowly-rotating quasi-static corona.
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(2) a ubiquitous random oscillation in {(t) with higher flnctuation am-

plitude at lower solar offset distances,

(3) an occasicnal almost discontinuous drop or jump in the polarization

angle which may be due to transient phenomena in the corona.

Each of the above aspects of the Faraday rotation data has been analyzed

and some highlights of these investigations are presented here.

(1) Quiescent corona and large-scale sector structure

The measured coronal Faraday rotation during an entire Effelsberg track-
ing pass on 29 Aug 1975 is shown in Fig. 1. A large positive value of {i was
registered at this time at solar offsets from 2.6 - 3.1 Rs. The two hours of
station overlap with Goldstone demonstrate that the measured polarization angle
and even the superimposed fluctuations are seen at both widely-separated ground

stations.

The observations from the first occultation of Helios 1 in April 1975 are
presented in Fig. 2. The rotation of the quasi-static corona is responsible for
the zeros in recorded Faraday rotation on days 110 and 115. The coronal magnet-
ic field configuration at these points causes the signal to undergo negative
and positive Faraday rotations along different path segments, which exactly
cancel out upon traversal of the entire corona. When {(t) is changing rapidly,
it is necessary to maintain continuous polarization tracking in order to dis-
tinguish between  and  + nm. The problem that can arise is illustrated by
the sets of points labeled "180° ambiguity" in Fig. 1, when only the Goldstone

station was operating.

Under the assumption that the corona not change its distribution of mag-
netic field 3 and electron density Ne during an occultation, one may derive
the rough longitudinal variation of Neg which is consistent with observed mag-
netic field polarities in interplanetary space (3). An example of such a de-
rived longitudinal configuration is given in Fig. 3. The diagram represents
the Sun, viewed from the North ecliptic pole at 26.0 Apr 1975, cut into six
longitudinal bins containing differing values of Neg’ The arrows in each bin
indicate the polarity of the derived magnetic field (assumed radial). The
arrows in the outer circle are the daily IMF polarities as inferred from polar

cap magnetograms (Svalgaard-Mansurov Effect). The computed coronal Faraday
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Figure 2. Coronal Faraday rotation occultation of Helios 1 in April
during inbound occultation of Helios 1 1975. View is from solar north
on solar west limb in April 1975. The pole onto the ecliptic. Helio-
circles are observations; the solid longitude is divided into 6 bins
curve is the theoretical result from of differing NB. Other details
the model of Fig. 3 (3). are given in the text and in (3).

rotation from this configuration is given by the solid curve in Fig. 2. Using
leus than six kins in longitude, one cannot determine a configuration which
gives a satisfactory agreement with the observed Faraday rotation. Models with
more than 6 bins were not tested since the integrated Faraday rotation data

are simply inadequate for determination of smaller-scale features.

The structure derived in Fig. 3 agrees with the white light coronagraph
data taken at the west solar limb at 1.5 Rs. Intensity eihancements and deple-
tions in the coronagraph data are indicated in the areas stretching outside
the outer circle and inside the inner circle of Fig. 3. The coronal hole seen
in white light on the solar west limb on 26 Apr 1975 is matched in longitude

by the derived minimum in NeB. Similar success in comparison with observed
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solar longitudinal structure was reported in (5), where solar radio maps at
2.8 and 11 cm were taken on the Effelsberg telescope in support of the May 1976

occultation of Helios 2.

(2) Faraday rotation fluctuations

The slowly-varying component of the function (t) is superimposed with
finer scale fluctuations, which increase in intensity at smaller solar dis-
tances (Fig. 4). Preliminary spectral analyses of representative data segments
have indicated the presence of peaks in the power spectrum at certain preferred
frequencies (7,8). Since these fluctuations were also observed in group delay
time data taken simultaneously, it was conjectured that MHD waves in the fast
mode were present in the outer corona. Another possibility is that the density
oscillations are caused by non-linear propagation of the intermediate (Alfvén)
wave. The Faraday rotation observations on Helios appear to offer one of the
few methods available for direct

detection of Alfvénic disturbances
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(3} Faraday rotation transients

On a number of occasions during Helios tracking at superior conjunction,
the measured polarization angle has abruptly moved to a new value tens of de-
grees from the projected baseline.. The best a2xample of this behavior was re-
corded on 18 July 1976 during a long tracking pass at the Effelsberg ground
station (lower panel of Fig. 5). The magnitude, duration and signature of this
event were similar to those seen during the sclar occultatiun of Pioneer 6 dur-
ing solar maximum (1). A simple model of the possible magnetic and plasma den-
sity structure of the coronal disturbance causing this Faraday rotation tran-
sient has been proposed by Bird et al. (4). The occurrence frequency of such
events was determined to be of the same order as that of coronal mass ejection

events, which were cbserved by orbiting coronagraphs on 0SO-7 and Skylab.

The Faraday rotation observations of spacecraft signals passing through
a ccronal transient offer the possibility of directly determining the magnetic
field configuration within the dis-

SOLAR OFFSET (SOL. RRDII)
SO OGNNSR UL NN N turbance. The separation of magnetic

and electron density effects can be

accomplished by comparing coronal
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equipment and conditions for making white light coronal images and Faraday
rotation obscrvations on spacecraft during solar occultation have never yet
been achieved. The first such opportunity i .11 occur in late 1979 during the
annual occultations of the Helios spacecraft. A cooperative research effort
will be conducted with the help of the coronagruph on the Solar Maximum Mission
(SMM) , which should be in operation at that time. A second measurement interval
would occur in late 1980 should bcth SMM and Helios still be operational. The
Helios E12 experimental team is participating in this cooperative investigation
within the framework of the SMM Guest Investigator Program.

c. Extension to Natural Coronal Probe Signals

The success enjoyed with the Faraday rotation experiment on the Helios
spacecraft has been extended to observations of linearly polarized pulsar sig-
nals during solar occultation. About 10% of the over 300 known pulsars are lo-
cated close enough to the ecliptic plane to obtain a measureable coronal Fara-
day effect at their annual superior conjunction. The observations of PR 204516
at the Effelsberg radio telescope in January 1978 (9) were somewhat inconclu-
sive, since the recorded coronal contribution was only 3-4 times griater than
the typical measurement error. Later observations of PSR 0525+21 (June 1978)
showed a c-. .onal Faraday rotation of Q--Boo at a minimum solar offset of about
4.8 Rs over the south solar pole (10). Pulsars, in contras:. to continuous emit-
ters, present no serious observational difficulties close to the Sun. The solar
sidelobe interference at decimetric wavelengths is about 100 times strongerxr
than the source, but the pulsed nature of the pulsar radiation allows integra-
tion of the signal over the pulse window without driving the telescope off
source. Present plans call for a continuation of this experiment at Effelsberg
in 1979 and 1980, during which the polar corona is expected to assume its typi-

cal solar maximum configuration.

D.  Summary

The Faraday rotation experiment on the Helios mission has been shown
capable of providing important information abhout the quiet and disturbed mag-
netic structure of the solar corona in the range 2-12 Rs. The unexpectedly
long lifetime of the Helios spacecraft presents the possibility of continuing
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this investigation up into solar maximum, which would thereby complete one
solar cycle over which Faraday rotation observations (together with Pioneers 6
and 9) were made. Dynamic effects such as coronal transients should be occur-
ring at a much higher rate during solar maximum. This will increase the chances
for obtaining simultaneous recording of an event in white light (coronagraph
on SMM) and Faraday rotation (Helios in solar oc~iltation) during the unique

obgservation opportunities in iate 1979 and 1980.
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HELIOS OCCULTATION EXPERIMENT~-TIME DELAY MEASUREMENTS (E OC)

P.1I.: P. Edenhofer, University of Bochum, W. Germany

Co-1."s: Pasquale B. Esposito, Jet Propulsion Laboratory, Pasadena,
California, U.S.A.

E. Luneburg, Deutsche Forschungs- und Versuchsanstalt fur Luft-
und Raumfahrt (DFVIR), Oberpfaffenhofen, W. Germany

The experiment used the S-band radio subsystem of the Helios spacecraft
to measure the Doppler frequency, range and columnar electron content during
solar occultations. These data were collected from launch date until October
1975 and June 1976, respectively, when terminated by a breakdown of the
transponders aboard. For this experiment it was especially important to use
the 210 ft. antennae of the NASA Deep Space Network. The objective of the
experiment 18 to determine the spatial distribution and temporal variations of
the solar plasma by remote sensing as close as about 3 solar radii, where the

Sun is {naccessible to in situ measurements of electron density (1).

Highlights

There are several highlights from the scientific data analysis of the
Helios occultation experiment. The most striking result obtained so far is
that for the first time experimental evidence of hydromagnetic waves
propagating outward from the inner solar corona into the interplanetary medium
has been established (2,3,9,12). Generally, hydromagnetic waves are
associated with oscillation of the solar and interplanetary magnetic field and
of the plasma density, as well. These waves are thought to be important in
the process of energy transport heating the solar chromosphere and corona. We
observed such wave phenomena from an analysis of the temporal variations of
the columnar electron content (number of electrons along the ray path)
measured within heliocentric distances as close to the Sun as about 6 solar
radii (Helios-2) up to 50 solar radii (Helios-l).
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Fig. 1

Figure 1 shows a representative set of measurements collected on May 8,
1976 (entry phase of occultation, Helios 2; distance ray path, sun about 10
solar radii); relative changes of the electron content with order of magnitude
4 x 1020 cloctronllnz are plotted vs. 3 hours of observation (6). The
technique of measurement was developed at JPL in 1969; refined ranging
equipment was operated for the first Helios solar occultation in 1976. The
strength of the Helios ranging signal was extraordinarily high compared to
sianilar interplanetary missions, so a fine structure is detectable in the time
variations measured (4).
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Figures 2 and 3
HELIDS B - DRull
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represent typical

results of a spectral

FRLQUINZSPELTRAM  MALLETTR0P L+ OJGERE 4
analysis showing the

FILTERKORFFIZIENTEN = 40O
normalized power density

of an electron content Qﬂ =18
w
data set (May 8, 1976) o
and the corresponding ]
electron densities, 2«
respectively (9,12). 1
=%
These spectra were 2v
derived by using a ?Z_;pq ¢
maximum entropy approach 5[]
w
especially suitable for W e
=°|P
analyzing short and 5 1
noisy data sets, as 52“ %
0
well. The fundamental .,
5
frequency of the density e °. ORIGINAL AL i
— A TR P
oscillations associated ) g_ POOR QU’\LIT‘IW'
with such hydromagnetic 1 J
waves turns out i
typically to be 0.2 x 1
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10-3 He, corresponding ST
to a period of C‘g R
approximately 1.5 ReD 005 1D 185 240 265 300 3a5 a0 &rS
FRENUENZ (HZY £ -3
hours. Even higher
harmonics can often be
distinguished as stable Fig. 2

spectral components during

successive days (e.g. 0.5 x 10~3 Hz or about 30 winutes). Far away from the
Sun the time periods tend to become smaller. More than 50% of the data
measured show periodic structures. The spectral pesks of the electron density
contain information on the wave amplitudes, thus ensbling us to estimate the
energy density involved and the energy flux density transported by such

wvaves. The interpretation in terms of hydromagnetic waves in the solar
atmosphere 1is strongly supported by a spectral and cross-correlation analysis
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of the Helios Faraday
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first time, radio (::‘f

science to make such
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complementary ks
measurements of wave
propagation effects. ‘;’

The investigations
covering this wave ©

analysis are to be FREQUEN)? (H2) xE -3
continued; several
publications are being
prepared. Fig. 3

As a new
application of using radio tracking spacecraft data from solar occultations, a
method has been developed, using the Helios occultation experiment, to
determine the radial speed of propagating solar plasma disturbances from two-
way, coherent Doppler data of a single ground station (10). The method
exploits the spatial separation (typical value is 20 x 103 km) of the
telemetry up- and downlink between station and spacecraft dus to their
different relative velocities with respect to the line of sight between Earth
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and probe. Solar plasma disturbances intersect the up- and downlink, giving
rise to a peak in the autocorrelation function of the Doppler residuals as
taken from a precise orbital determination. This method of analysis was first
applied to Helios-2 data, generally revealing two peaks corresponding to a low
and high propagation speed, respectively; e.g. varying from 200 to 400 km/s to
600 to 1000 km/s. Specifically, a Doppler data set collected on May 28, 1976
(exit phase, Helios~2; distance some 8 golar radii), yields approximate values
of 240 and 950 km/s. It is possible that the temporal variability in the
autocorrelation function taken from a tracking pass of usually several hours
'indicates a changing velocity from a predominant plasma stream, or a
superpositioning of several plasma streams, which tends to smear the

autocorrelation peaks. Further analysis is promising and continuing.

The inversion of the Helios electron content measurements turned out to
be another highlight of our occultation experiment (1,7,11). The derivation
of electron density values is most important to the description of solar
plasma phenomena in terms of physical quantities such as energy density and
power flux (e.g., Fig. 3). Following two alternative, complementary
approaches, inversion methods have been set up for this experiment to get
electron densities out of electron content for the first time in remote
sensing of solar plasma: Either a gross, but numerically stable, structure is
derived for the electron density distribution in space, or the spatial and
temporal power of resolution is inceased by using an inversion procedure that
takes into account c(atistical properties of the data measured and the
densities to be deduced (11). The problem of choosing statistical weights was
solved for remote sensing by taking a Kalman-type filter algorithm to
compromise resolution vs. instability (7). It was possible by using this
approach to deduce two-dimensional electron densities resolving a radial
dependence as well as variations in solar longitude (closest heliocentric
distance 3.8 solar radii). The plasma is allowed to show a steady-state uodel
profile for electron density and velocity describing the overall fall-off in
density and the solar wind properties. This a priori information is used in
our adaptive weighting schems for inversion, improved by extrapolating
information from two additional sources (4,8): Earth-bound observations of
the scattered light of the Sun (coronagraph) and in situ measurements of
electron density along the Helios trajectory (heliocentric distance greater
than 65 solar radii at perihelion). The inversion turned out to be stable,
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even 1f performed for each individual data point which yields a maximun
resolution in time (sampling rate 2 minutes). Generally, the inversion
procedure takes sequential averages from appropriately selected subsets of

data.

Performing this Helios occultation experiment resulted in several
opportunities to observe transient phenomena of extraordinary solar events.
One exciting example is an electron content data set collected on April 30 and
May 1, 1976 (two weeks after perihelion), by Helios-2. At a distance ray path
of 26 solar radii to the Sun, the enormous variation in electron content was 6
times the steady-state background value within about 2.5 hours of
observation. From Earth-based astronomical observations, this event could be
identified as a large solar flare ejecting huge quantities of solar plasma
acroes the Helios ray path into interplanetary space. Combining theae
different sources of information made possible the determination of flare
propagation speed to be as high as approximately 900 km/s. Work is still in
progress on the study of further transient events of enhanced solar activity

as obvious from several sets of electron content measurements.

A major objective of the Helios occultation experiment was to determine
characteristic quantities of an empirical wmodel for the coronal electron
density distribution (3,4). This part of our scientific data analysis is near
completion (8); three model parameters were derived including their standard
deviations. The model describes a spherically symmetric, steady-state
electron density distribution covering heliocentric distances between
approximately 3 and 215 solar radii (up to the Earth’s orbit). A high-
precision orbit determination program developed at JPL was taken to evaluate
about 3.5 months of Helios-2 time delay data around solar occultation. Apart
from their physical significance, such solar electron density models are
especially useful for navigational purposes in space mission operations, as
well. Improving these models means increased accuracy for correcting tracking
data for solar plasma effects and allowing for a proper noise level. It could
be verified for our experiment that the values derived for elecron density are
consistent with vhat was measured by scattered light on Earth and in situ
along the Helios trajectory (8).
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