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1. INTRODUCTION
,4.O~

/ 0

In Scientific Report No. 2 (AFGL—TR—77—0l 66) we identified
nine scientific subjects (closely related to prediction of solar—ter restria l
disturbances) which we were pursuing at that t ime. That effor t  led to the 0

publication of nine papers in 1976—7: three in refereed j ournals and six in
conference proceedings .

This year , we fo cused on eight of those nine subjects (having
completed for the present our investigat ions of interplanetary radio scm —
tillationa). The results have taken us another significant step closer
toward reliable prediction techniques.

Coronal magnetic fields
Origin of solar wind streams
Coronal propagation of energetic par ticles 

__________________

Sources of heavy ion enhancements in solar IV - /‘
particle events liii ~~~ 9111116

,/A5
Iøl~~~ct~~ 0Synthesis of solar and interplanetary plasma , amagnetic field and energetic particle

observa tions

Interplanetary propagation and interaction of
solar energetic particles with the Earth’ s ~magnetosphere - -

hit *W$- WIó/ Vj~~~~~_
Interplanetary propagation of relativistic -

Jovian electrons

Energetic par ticle burs ts in the magneto tail Iand upstream of the bow abock _________________

he joint effor ts  with our colleagues at JHU/ APL and collaborating
ins titutions resulted in the submission for publication of ten articles
cited for suppor t under this contract: f ive in refereed jour nals, three in $UAG Special Reports , and two in conference proceedings . Co—authors at
JKU/A~L were S. 14. Kr imigis, D. G. Mitchell and R. D. Zvickl, while authors
from other institut ions were :

American Science and Engineering 0

3. T. Nolte, J. 14. Davis

Ames Research Center/NASA
3. H. Wolfe
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Loyola College (Baltimore)
3. M. Hanson (student)

Space Environment Laboratory/NOAA
P. S. McIntosh

University of Iowa
W. N. Cronyn, 3. J. Rickard and S. D. Shawhan

University of Kansas
T. P. Armstrong 0

The scientif ic resul ts of these articles are summarized in
Section 2 of this report. Other collaborations undertaken this year,

involved the foflowing scientists at other institutions (most of whom

were also visitors to JUU /APL) : 0

Center for Astrophysics (Harvard)
B.. H. Levine

European Space Research and Techno logy Centre
R. Reinhard

Georgetown University
A. Prakash

McMath—Hulbert Observatory (U of Michigan)
H. W. Dodson Prince, E. R. Hedesan, 0. C. Mohler

Space Environment Laboratory/NOAA
D. J. Williams

University of California at San Diego
R. W. Fillius

University of Kiel (West Germany)
C. Green

The effor t at McMath—Hu lbert (described in the next section), was

supported by a sub—contract, while J. M. Hanson and A. Prakash were supported

at JHU/APL .

We presented eight contributed papers to the American Geophysical

Union : three at the Fall National Meeting in San Francisco, December 5—9 , 1977; r 0

and five at the Spring National Meeting in Miami, April 17—21, 1978. Four

invited papers were presented at different meeting., all of which will appear

in published form:
Roelof, E. C., The ‘scatter—free’ approximation for
co.mic ray transport in the inner helio.phere, Amer ican
Geophysical Union, Miami, Apr il 17—21, 1978.

— 2 —
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Roelof , E. C. and R. E. Gold , Prediction of solar
energetic particle event histories and geomagnet ic
disturbances using real—time particle and solar
wind measurements , NATO/ACARD Symposium on Opera-
tional Modeling of the Aerospace Propagation
Environment; Ottawa , April 24—28, 1978.

Roelof , E. C., S. N. Krimigis and R. E. Gold ,
Coronal propagation and storage at energies 0

1 MeV/nucleon, Solar Probe Science Workshop ,
Pasadena, May 22—23, 1978. 

0

Roelof , E. C., Solar energetic particles: From
the corona to the magnetotail, ACU Chapman Con-
ference on ‘Quantitative Modeling of Magneto—
spheric Processes, La Jolla, Sept. 18—22, 1978.

H
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2. SU~O(ARY OF SCIENT IFIC RESULT S

We begin our summary with a graphical attempt to show why such

apparently diverse subjects as those listed in the Introduction are actually

all inter—related to the question of how solar plasma, magnet ic field and

energetic particles are transported from the sun to the Earth , and hence re-

lated to the question of solar—terrestrial disturbance prediction.

Figur e 1 indicates the regime of the heliosphere analyzed in each

of the ten studies we completed this year . The author lists refer to the articles
descr ibed below. We present a brief summary of the most important results

from each paper along with the most appropriate figure(s) from that paper .

SOLAR ACTIVITY

Particle acceleration has its origin in solar activity. Hans on,
Gold and Roelof, 19?8 have compiled Solar Activity Charts for the Skylab

period (Carrington Rotations 1600 — 1611) of selected indices of optical

solar flares, radio bursts, soft x—rays and 2 — 5 MeV protons measured by IMP—i

and 8 in a concise graphical form. The charts were initially designed to

complement studies of the coronal and interplanetary distribution of energetic

solar particle populations , although their compact representation of spatial

and temporal relationships has been of assistance in a wide variety of solar—

terrestrial studies. The charts show the H importance and brightness of

conf irmed flares, the 1—8 A peak x—ray flux and a spectral average of deci—

metric radio emissions related to the optical flares. Full disk coverage

extend . fro m Apr il 13, 1973 through 24 February 1974.

The energetic particle fluxes are represented on the charts as a

continuous swath centered on the estimated high coronal connection longitude

of the large scale int erplanetary field line from earth. The width of the
swath is proportional to the logar ittmi of the 3 14eV pro ton flux measured at

earth. The ctmrts are organized in heliographic longitude versus time so it
is easy to follow the development of an active region throughout its disk

pa..age on a given solar rotation as well as its recurrences over several

rotation., •ince all the activity from a given region falls on a straight

ver t ical line. Conversely, all the flares and related radio and x—ra y bursts
on the disk at a given time are distributed along a horizontal line. The

cha r t. also ind icate directl y the distance between an active region and the

• 1  - 4 -
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longitude where energetic protons (associated with activity In that region)

were injected onto the interplanetary field lines leading to the earth. Figure

2 shows the Solar Activity Chart for Rotation 1604.

This representation provides an effective insight into the space/
time “cut” of the sun sampled by f ield lines from Ear th . Dodson—Pr ince
and Hedenun have developed a complemen tary representation and an addi-

tional graphical summary of solar—terrestrial activity which was first
reported in AFGL—TR —77—0 222 for the year 1970. They have augmented their

analysis for 1970 and are proceeding into the years 1971—2 under a sub-

contract to this effort.

CORO NAL MAGNETIC FIEL DS

Since coronal magnetic fields control the emission of solar wind as
well as the transport and escape of energetic particles, “charts” of the

coronal structure contain fundamental information for solar—terrestrial re-

lationships. Consequently P. S. McIn tosh of the Space Environment Laboratory
of N~AA, working over the past seven years with personnel supported by AFGL

contracts, has edited an annotated atlas of Ha Synoptic Charts (McIntosh ,
1978) which delimit large—scale magnetic polarity regions in the low corona .
The Atlas covers most of Solar Cycle 20 (Carr ington Rotations 1487 — 1617) .
Dur ing the Skylab period , American Science and Engineering soft  x— ray pho to—

graphs revealed loop structures which augment the information in Ha Synoptic

Charts and heliomagneto grams. Hanson and Roe lof (1978) have compiled a com-

prehensive atlas of these emission structures for Carrington Rotations 1601—

1610 to serve as a basis for detailed analysis of solar particle events.

L~ ge—scale (.... 10°) emission features visible in soft x—ray photographs
from the spectrographic telescope S—054 on Skylab have been superposed on Ha
Synoptic Charts (McIntosh, 1978) . The charts identif y loop arcades and loop

complexes associated with strong magnetic fields, as well as coronal holes and

areas devoid of emission loops . Although not adequate for the study of the 
0

geometry of individual features , the charts convey a global sense of coronal

structure which is often diff icult  to obtain from indiv idua l (disc ) images .

The x—ray structures read from disc pho tographs were located in helio—
0 

graphic latitude and longitude on the Ha Synoptic Charts. Figure 3a is the

Ha Synoptic Chart of Carring ton Rotation 1604 in July —Augus t 1974 (McIntosh,

1978). Figure 3b shows the end points of x—ray loops with dashed lines

— 5 -
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connecting them and x—ray plages as striped regions. The ar eas of coronal
holes from published atlases are stippled . Figure 3c shows the superposition
of the x—ray loops on the Ha chart.

CORONAL PART ICLE PROPAGATION

Roelof, Krimig ie and Go ld (19 78) have demonstrated (using solar

wind mapping of interplanetary field lines), that coronal magnetic fields

can produce rather well—ordered energetic particle emission profiles

(e.g., over equatorial coronal holes). Zi~oickl et al. (1978) identified the
eastern boundary of a solar wind stream in the vicinity of a nearby active

region as a likely escape location for small solar particle events enriched

in high—Z ions during the years 1972—76 at the end of Solar Cycle 20. Using

Mariner 4 data from the very beginning of Solar Cycle 20, Roelof et al. (1978)
concluded tha t low energy protons often escaped the corona preferentially

from ope~ magnetic structures remote (> 60°) from the likely acceleration
site, b,it these open structures seldom served as sources of high speed solar

wind streams .

Roelof., Xriinigis and Gold (1978) discussed representative energetic

particle events related to quasi—stationary particle populations, solar flare
events and solar composition. These events were discussed in the context of

similar observations likely to be made during the proposed Sola r Probe mission.

Particular emphasis was given to inter—relationships with coronal magnetic 
0

structure and plasma processes . Figures 4 and 5 i-tom Levine and Roelof (1978)
elucidate some of these relationships. Figure 4 shows the coronal magnetic

structure in the vicinity of a small equatorial coronal hole as deduced from L
observations by the AS&E soft x—ray telescope on Sky~ab and from potential

field calculations based on pho tospheric observations. Figur e 5 shows that

ther e is a quasi—stationary depr ession in the low energy solar proton popu— - ‘
0

lation on interplanetary field lines that map back to the vicinity of the r
coronal hole.

Zwickl et al. (1978) conducted a detailed investigation of the 0

relationships between coronal struc ture and the release into interplanetary

space of medium and heavy ion nuclei. A systematic analysis of the hour ly

— 6 —
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average Z- .� 3 rate data (September 1972—Decemb er 1976) measured with the
J}LUIAPL LMP—7 and 8 detectors revealed 13 short—lived events tha t had
greatly enhanced Z � 3 fluxes . In addition to conf irming the results of
earlier rtudies that all 3He—rich events are Fe—rich but not vice versa,
they found that these 13 enriched events had several remarkable character-

istics: (1) they are generally not associated with nujor solar flares but

appeared to be associated with low levels of activity (sub—flares) in

western hemisphere solar active regions that are located very close to the

spacecraf t’s high coronal interplanetary magnetic field connection longitude;
(2) they had very large and prolonged outward streaming anisotropies, some-

times persisting .— 1. day; (3) the spectral indices measured for p, a and
Z � 3 particles during the times of maximum flux for the Z—rich events were
identical within errors to those measured in large flare events, while small
impulsive and corotating events generally showed a softer spectrum ; and (4)

Z—rich events appear to be associated with the low speed wind that precedes
the onset of solar wind streams . Figure 6 shows a topographical map of the
observed solar and interplanetary phenomena for the average Z—rich event

shown as a function of radial distance and heliographic longitude. Included

are the approximate locations of the solar flare active region, the coronal
transition region denoted by the Alfv~n critical surface, the fast and slow

speed solar wind compression and rarefraction region (shaded) and the observed

Z—rich event.

They concluded from this study that the same type of acceleration

process that is responsible for the large proton events if responsible for the

small Z—ric li events, and therefore tha t the Z � 3 and 3He enrichments are more
likely due t~ enhanced abundances in the pre—accelerated plasma rather than

to preferential enrichment during the acceleration process. This interpre-

tation is complementary to recent findings concerning abundances and coronal

emission structure of low—speed solar wind . They concluded that compositional

studies of low energy solar particle events offer a good diagnostic of the 
0

flare acceleration process and possible inhomogeneities in the solar atmosphere,

suggesting that solar composition maybe quite variable on a global scale. 
0

Roelof et al. (1978) examIned the influence of coronal magnetic

fields on energetic particle release during solar minimum. They presented

a comprehensive synthesis of Interplanetary and solar data taken in conjunction

— 7 —
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with the energetic solar proto n events observed on Mariner 4 during the f irst

eight months of 1965. They found that regions of preferential escape of
energetic particles into the interplanetary medium tend to recur, even though

the sites of acceleration of the particles were generally different on succes-

sive rotations. They suggested that the particles were transported in high
magnetic arcades to the coronal “escape regions”, and that the magnetic field

line topology in these regionL, although open, were fundamentally different
from that  of the fastest solar wind stream sources during the same period.

These results are summarized In Figure 7 which depicts the temporal and

spatial relationships observed during the first eight—solar rotations in

1965. The recurrent event series are labelled by a letter and occurrence

number . The panels in Figure 7 show t~~ events from each of the series .

Panels consist of segments of Ha synoptic charts, with regions of well—defined

negative magnetic polarity shaded. !!kst likely active region particle sources

are marked by heavy dots . Regions of escape of energetic particles are marked
by bars at the heliographic latitude of Mariner 4 , wI th positive (vertical

lines), negative (horizontal lines) or mixed (both) interplanetary polarity

also indicated. The escape regions for energetic particles are shown in the

panels as horizontal bars with observed boundary edges marked by vertical ends ,
while boundar ies not observable because of temporal changes in particle inten-

sities have pointed ends. Solar wind “dwells” (i.e., eastern boundaries of

solar wind stream sources) are marked by heavy brackets (velocity > 400 km/s)

or curved lines (velucity < 400 km/s) which are dashed for temporal streams.

The relative stability of the energetic particle escape regions as well as

their displacement from the solar wind stream sources are clearly shown in
the figure. 

0

ORIGIN AND STRUCTURE OF SOLAR WIND STREANS

Mitchell et al. (1978) compared solar wind velocity structure mapped 
0

back to the sun from Pioneer 10 and 11 as far as —. 5 AU with tha t mapped back
from Earth to deduce strong latitudinal gradients. Moreover, they showed tha t
these structures agreed with the general shape of coronal magnetic polarity
regions for series of recurrent streams from Carr ington Rotations 1587—1641
(March 1972 to April 1976) . Spacecraft data were taken from IMP 7/8 at earth ,
Pioneers 6, 8 and 9 near 1 AU , and Pioneers 10 and 11 between 1.6 and 5 AU.

— 8 —
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Using the constant radial velocity solar wind approxima tion to map all of

the velocity data to its high coronal emission hellolongitude, they examined

the velocity structure observed at different spacecraft for latitudinal

dependence and compared it with coronal structure In soft x—rays and Ha
absorption features. They found that the constant radial velocity approxi-

mation usually remains self—co nsistent in decreasing or constant velocity

solar wind out to 5 AU , which enabled them to separate radial from latitu-

dinal propagation effects. They deduced several examples of sharp non—

meridional stream boundaries in interplanetary space (~~ 5° latitude in width),

often directly associated with features in coronal x—rays and Ha. In one

structure there was evidence for significant (up to 4Q0
) non—radial flow of

the plasma in the corona below the altitude of transition to super—Alfv~nic
flow.

Mi tchell et al .  (1978) also presented explanations for the diffuse

boundaries that are occasionally seen at the eastern edge of solar wind streams.

Their inferred velocity structure with nearly azimuthal boundaries Is depicted

schematically in Figure 8 along with the solar wind velocoty profiles observed

at Pioneer 11 and IMP 7/8 for solar rotation 1610. The structure to the right

of the coronal hole cannot be accurately deduced due to str eam—s tream inter-

actions. To the left (east)  the Pioneer 11 velocities drop much more quickly

than the IMP 7/8 velocities. The structure sketched is consistent with the

observations (including the interplanetary magnetic field polarity agreement

with that in the hole), but other geometries are not excluded.

INTERPLANETARY PROPAGATION AND INTERACTIO N WITH THE MAGNETO SPHERE

Zwickl and Roe lof (1978) ,  using < 1 MeV proton anisotropy data from

IMP—i and 8, have demonstrated that the dominant mechanism for interplanetary

transport of these particles transverse to the magnetic f ield is simply the

E x B d r i f t , i.e., the pa rticle guiding centers stay on the “same” fie ld line

without measureable transverse scattering. In order to draw these conclusions

on interplanetary propagation, they identified and quantitatively compensated

for several effects due to proximity to the magnetosphere (e.g., reflection 0

- 
of particles and magnetoapheric bursts). Their results further validate the 0

field—line mapping technique described by Roe Lof and Gold (1978) which is
central to the prediction of the history of energetic particle events.

— 9 —
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Zwickl and Rociof (1978) examined all non—impulsive energetic

particl e event s observed by the JHU/APL detec tors on IMP—7/8 from 197 2—75.
After applying selection criter ia to reduce magnetospheric inf luence to a

minimum they had 1289 hourly anisotropy averages for which they also had

simultaneous hourly averaged solar wind and magnetic f ield data.

Thes e ani sotropy vectors were resolved into component s parallel

and perp endicular to the measured magnetic field . The resulting anisotropy

distributions led directly to the following model—independent conclusions .

(1) The parallel anisotropy component averages nc~arly to zero, indicating

virtually no net particle flow along ~he field line at 1 AU. (2) The

average perpendicular anisotropy component is entirely accounted for in

terms of the E 
~ B drift, and hence transverse diffusion is negligible at

these energies; application of the diffusion model to the data implies

A / A  � 0.02 ± 0.05 where ~ and A represent the diffusion mean free path

parallel and perpendicular to B. (3) The net flow of particles, observed

by spacecraft located at 1 AU1 is outward away from the sun in a direction

approximately perpendicular to the average magnetic field; if the particle

populations are considered to be quasi—stationary (i.e., “corotating”), this
directly implies that the effectiv e source for these particles lies inside
1 AU.

Figure 9 shows the degree of precision that Zi~ickl and Roe lof (1978)
were able to achieve in their analysis. The figure shows scatter plots of

the calculated E x B drift anisotropy ~ versus the measured anisotropy corn-

ponent perpendicular to the magnetic field direction ~ in geocentric solar

ecliptic coordinates. The ~ and 11 data show an amazingly strong correlation

which suggests tha t the propagation of low energy protons is well described by
collimated convection.

Roe lof and Gold (1978) assumed tha t energetic particle propagation
could be described by collimated convection and examined its application to

the decay of solar particle events. Once a solar particle event has begun,

prediction estimates of the subsequent flux history of the maximum and decay

phase of the event can be derived from real—time particle flux and solar wind

velocity measurements. The solar wind velocities define the instantaneous

solar longitud e of the coronal foot—po int of the interplanetary magnetic field

-10 -
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lines which the charged particles must follow to the earth. The particle
event history is often dominated by changes in this coronal “connectior.
longitude” since there are strong gradients in the coronal energetic
particle populations. However, when particle fluxes are “mapped back” to
their coronal connect ion longitude, a relatively simple coronal longitude
profile and inj ection his tory is revealed . When identified in real t ime,
these coronal signatures allow forecasts of the subsequent his tory of the
event .

Protons . .... 300 keV have proven to be sensitive indicators of

coronal particle populations and interplanetary propaga tion conditions at
highei energies as well. Hence monitoring of 300 keV protons also facili-
tates prediction of 10 MeV/nuc proton and alpha fluxes . The flux forecasts
are contingent upon solar wind struc tur e, and therefore can be up— dated con-
tinually from the real—time spacecraft solar wind data or interplanetary radio
scintillation observations. They presented analyses of several solar particle
events from Solar Cycle 20 and demonstrate the technique through a real—time
pred ic tion scenario for each event. Figure 10 schematically shows how a
stationary energetic particle stream with a longitude profile as shown in
panel a may be distorted by a solar wind stream which rises early (panel b)
or late (panel c) during the event. The lower panel shows how the connection

longitude of the observer changes with time for the above cases .

JOVIAN ELECTRONS

Regarding Jupiter as a source of test particles (energetic electrons)

to probe t”e outer heliosphere, Gold and Roelof (1978) have presented a new
model for propa gation in which the solar wind stream—stream interaction regions
form “diffusive walls” to “scatter—free cavities”. Evidence for their model is

drawn from the relationship of Jovian electrons “events” and solar wind stream
structure observed between 1 and 6 AU. This Jovian electron study has led

to a new propagation model that must apply to all particles in the heliosphere
(Jovian, galactic, or ~~lar), which had not been obtained from solar or galactic
particle measurements alone.

This model is based on the large solar wind stream interaction regions ,. - •

discovered during the Pioneer 10 and 11 missions. They continue to thicken with

heliocentric distance and close off between ~
.. 8 and 12 AU , dividing the hello—

sphere into cavities of relatively undisturbed plasma surrounded by more

— 11 —
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turbulent interaction regions. It is proposed that Jovian electrons propagate
nearly scatter—free within the cavities , but diffus ively in the surrounding

stream interaction regions which form the cavity walls . The diffusive—walled—

cavity model predicts all of the observed relationships between Jovian electron

events and solar wind stream structure identified at 1 AU during 1966—1976 as

well as those observed by Pioneers 10 and U out to > 10 AU. The model also

predicts a radial grad ient in the intensity of electron events beyond 5 AlT

tha t falls off with distance R from the planet significantly slower than

as observed. The abrupt decrease in electron flux observed by Pioneer 10 at

5.7 AU suggests that the effective elec tron emission region in the Jovian

magnetotail is ~ 1 AU in length . A stringent tes t of the model was performed

by reconstructing the large—scale interplanetary magnetic field from the sun

to beyond 5 AU and shoving tha t the model simultaneously fi ts the observed

Jovian electron event onsets and durations near Earth , at Pioneer 11 at 3.7 AU

and at Pioneer 10 at 5.2 AU.

Figure 11 shows an ideal iza tion of the very regular large—scale

structure of the interplanetary medium tha t was observed during the decline

to minimum of Solar Cycle 20. The light areas in the figure represent the

relatively undisturbed plasma of high speed solar wind streams which are
approximated as scatter—free regions in the model while the shaded areas

represent the solar wind str eam interaction regions which form diffusive

media in the models . This picture of Jovian electron propagation predic ts

well defined relationships between the observed electron profile and solar

wind struc ture that depend on the observers position within the heliosphere.

These relationships, which have been confirmed by the observations at earth

and on Pioneers 10 and U out to 10 AU are suninarized in Figure 12. The

three rows represent observer positions: (a) near ear th on the bottom row,
(b) between earth and Jupiter in the middle row and , (c) beyond Jupiter in
the top row. The lines labelled V and E represent the predicted relation—

ships between solar wind velocity and Jov ian electron time histories ,
respectively . The shading signif ies the region in which the electron

intensities are expected to be above the detector threshold .
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3. CONCLUSIONS AND FUTURE EFFORT

The scientif ic results obtained over the past twn years offer
us new insights in to improving prediction tec hniques for energetic particle
event histor ies and geomagnetic disturbances. In particular , we have new
ideas, drawn from observa tion and quantified by theory, on emission of
plasma and energetic particles from the corona into the interplanetary
medium. We have simple but accurate approxima t ions for plasma and ener-
getic particle transport in the inner heliosphere, and we have proposed a new
model for the propaga t ion of particles in the outer heliosphere.

During the final. year of this contract, we will make use of the oppor—
0 

tunity offered us by the invitation to participate fully in the International
Solar—Terres tria l Predictions kbrkshop (to be held in Bould er , April 1979) ,
to convert our ideas in to improved prediction algorithas which may then be
evaluated by ourselves and our colleagues.

-13 -
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PIGURE CAPTIONS

FIGURE 1 Schematic representation of the heliosphere and the regime

investigated in each of the studies conducted under this

contract during the past years.

7IGURE 2 Solar Activi ty Chart for Carring ton Rotation 1604. The

11a impor tance and brightness of solar flares is rep resented

by the size and color of the dots on the visible region of

the sun. Associated x—ray and radio burst intensities are

represented by the spikes surrounding the flare circles as

indicated in the legend. The energetic particle intensity

stripe is plotted along the trajectory of the connection

longitude of earth. McMath plage region numbers and their

location in the northern or southern hemisphere are indica ted

along the bottom of the figure .

FIGURE 3a From annotated Atlas of H~ Synoptic Charts for Solar Cycle 20

(1964—1974) . McIntosh (1978) .

FIGURE 3b X—ray loop end points x—ray plages (striped) , and coronal

holes (stippled) . Ikinson and Roelof (1978)

FIGURE 3c Superposition of Figures 3a and 3b.

FIGURE 4 Coronal structure in the vicinity of a sinai 1 equa torial coronal
hole (Levine and Roeiof, 1978) . Center : L,~. inferred neutral

lines and soft x—ray ioops. Upper Left: open field lines

originating on a 2.6 R0 source surface calculated from a

potential field . Upper Right: closed f ield lines from the
same calculation.

FIGURE 5 Quasi—stationary energetic particle population above a coronal

hole in August 1973. Lower : Ha abeorbtion feature and coronal
hole (from Figure 4) in heliograph ic coordinates . Upper : 1.9—

4.5 MeV hourly—averaged proton fluxes “mapped back” to their

estimated high coronal emission longitudes using simal taneous

measurements of solar wind velocity on the IMP— i spacecraft
(Levine and Roeiof, 1978).
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FIGURE 6 Topograph ical map of the observed solar and interplanetary
phenomena for the average Z—rich event shown as a function of
radial distance and heliographic longitude . Included are the
approximate locations of the solar flare active region, the
coronal transition region denoted by the Alfv~n critical sur-
face, the fast and slow speed solar wind compression and
rarefaction region (shaded) and the observed Z—rich event.

FIGURE 7 Panels consist of segments of Ha Synoptic Charts , with regions

of well—defined negative magnetic polarity shaded . Most likely
active region particle sources are marked by heavy dots . Regions

of escape of energetic par t icles are marked by bars at the helio-

graphic latitude of Mariner 4, with positive (vertical lines) ,

negative (horizo n tal lines) or mixed (both) interplanetary polarity
also indicated . Observed boundaries of escape regions are shown
wi th vertical edges , while boundaries not observable because of

temporal changes in particle intensities have pointed ends . Solar

wind “dwells” (i.e., eastern boundaries of solar wind stream

sources) are marked by heavy brackets (velocity > 400 km/n) or

curved lines (velocity < 400 km/s) which are dashed for temporal
streams .

FIGURE 8 Inferred velocity struc ture relative to the coronal hole boundaries

on Rotation 1610 . The structure to the right of the coronal hole

cannot be accurately deduced due to stream—stream interactions .
To the left (east) the Pioneer 11 velocities drop much ~~re
quickly than the IMP 7/8 velocities . The structure sketched is
consistent with the observations (including the interplanetary
magnetic field polarity agreement with that in the hole) , but

p 

other geometries are not excluded.

FIGURE 9 Scatter plo t of the calculated E x !  drif t anisotropy versus
the measured anisotropy component perpendicular to the magnetic
field direction in geocentric solar ecliptic coordinates .
The and ~1 data show an ama zingly strong correlation which
suggests that the propgation of low ener gy protons is well

described by collimated convection.
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FIGURE 10 P~~mples of solar—wind /connection—lo ngitud e effect, on a steady
synmie tric coronal particle injection: (a) velocity constant;
velocity rise (b) early or (c) late in par t icle event . Lover
panel (d) gives solar connect ion longitude at observation t imes
t l , 2 , 3, 4 a n d 5 days .

FIGURE 11 Idealization of the large—scale structur e of the interplanetary
medium during the period of very stable solar wind structure,
1972—1975. The white areas represent the solar wind streams

while the shad ing represents the stream interaction region .

which thicken with radial dis tance and eventually merge. The

orbits of Earth and Pioneers 10 and 11 are shown in a fixed—

Jupiter—Sun—line system in which the pinwheel completes one

rotation in 7f~ laya . The Ear th takes 13 months to complete
one orbit in this system and its positions during the early ,
middle and late Jovian elec tron seasons are ind icated .

• FIGURE 12 Schematic r epresentation of the inter—relationships between
solar wind velocity and Jovian electrons predicted by the model
for near—Earth Pioneers inside 5 AU and Pioneer 10 beyond 6
AU. The curves labe lled V and B represent the time histories
of solar wind velocity and electrons respectively . The shading
approximates the electron selection criteria for a Jovian event.
with Figure 2.

-I.
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