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Abstract

The persistent large-scale coronal magnetic structure associated

with a sector boundary appears to consist of a magnetic arcade loop structure

extending from one solar polar region to the other in approximately the

North-South direction. This structure was inferred from computed coronal

magnetic field maps for days on which a stable magnetic sector boundary was

near central meridian, based on an interplanetary sector boundary observed to

recur during much of 1968 and 1969.
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An Atlas comprising 11,000 microfilm maps of the calculated poten-

tial (or current-free) magnetic fields of the solar coroffa between August 1959

and June 1970 has been prepared by Newkirk et al. (1972, 1973). The Atlas

was prepared from observations of the line-of-sight component of the photo-

spheric magnetic field obtained by Robert Howard with the 150-foot 
solar

tower at Mount Wilson Observatory. The publishing of this Atlas is a great

service to the solar physics community.

The relation of computed coronal magnetic field structures to solar

sector boundaries was studied by Newkirk (1972). We have used the Atlas to

investigate the coronal magnetic configuration associated with a stable solar

and interplanetary magnetic sector boundary (Wilcox, 1968) that recurred

regularly during each solar rotation for approximately two years. During

1969 this boundary, as observed by spacecraft magnetometers near the earth,

is shown as the dotted line in Figure 1 (Wilcox and Colburn, 1972). The

slope of the dotted line corresponds to a rotation period near 28 days.

Before the boundary the interplanetary field polarity was away from the sun

and after the boundary the polarity was toward the sun.

The average transit time for the solar wind plasma to transport

the large-scale solar magnetic field to the earth was observed by Wilcox and

Ness (1965) to be approximately 41 days. Therefore 4j days were subtracted

from each time at which this sector boundary was observed by spacecraft near
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the earth to give a list of times at which the sector boundary should have

been near central meridian on the sun. The maps of the computed coronal

field corresponding to the times on this list were examined. The average

difference between a time on the list and the time of the nearest computed

coronal field map was about 0.2 days.

The clearest example of the coronal magnetic field structure

associated with this sector boundary is shown in Figure 2. Five sets of maps

spaced at intervals of about 1.5 days show the rotation of this sector boun-

dary across the solar disk. The boundary was near central meridian on 1.5

March 1969. For each day two sets of maps are shown. The first set (labeled

"general fields") shows the geometry of the coronal magnetic field, and

includes field lines originating from both strong and weak fields at the

photosphere. The solar photosphere is divided into 648 surface elements of

equal area. A field line is plotted from the center of any surface element

whenever the calculated field strength at the photosphere exceeds 0.08 Gauss.

The second set of maps (labeled "strong fields") shows field lines which

emanate from the regions of strongest photospheric magnetic field. Maps are

available for every 100 interval of solar longitude; the maps shown in

Figure 2 are at 200 intervals.

A portion of the weak field map for 1.5 March 1969, when the sector

boundary was near central meridian, is re-drawn in Figure 3. This structure

composed of a series of magnetic loops has been called a magnetic arcade by

Newkirk and Altschuler (1970). The dashed line added to Figure 3 shows the

apparent location of the solar magnetic sector boundary. The dashed line is

drawn through the middle of the lowest-lying loops. To the west of the

boundary the loops are directed out of the sun and to the east of the boundary
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the loops are directed into the sun. This polarity can be clearly seen in

the strong field maps of Figure 2, in which field lines out of the sun are

labeled with a small 0 at their base and field lines, directed into the sun

are labeled with a small + sign at their base. Note that this is the reverse

of the convention generally adopted for representing the photospheric mag-

netic field, see for example the Atlas of Solar Magnetic Fields (Howard et al.

1967).

The sector boundary shown with the dashed line in Figure 3 runs from

one polar region to the other approximately in the North-South direction.

Because of the difficulties of observing in the polar regions of the sun, it

is not possible to determine the precise extent in latitude of the boundary,

however it appears from Figure 3 that the boundary extends from near one pole

to near the other pole.

The average direction of the boundary shown in Figure 3 is nearly

in the North-South direction. The small curvature in the boundary is in the

direction opposite to that expected from the effects of differential rotation.

The boundary shown in Figure 3 appears to be very similar to the schematic

solar sector boundary shown in Figure 4 (Wilcox, 1971), which was obtained

from an analysis involving comparison of the observed interplanetary magnetic

field with the photospheric magnetic field observed at heliographic latitudes

between 400 North and 400 South (Wilcox and Howard, 1968): The schematic

boundary shown in Figure 4 ends at 400 latitude only because the regular

observations of the photospheric magnetic field on which the analysis was

based stopped at about 400 latitude. In the analysis the boundary was clearly

seen at all the latitudes examined, and it was clear that the boundary exten-

ded to higher latitudes.
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Coronal magnetic field maps for the days during 1968 and 1969

when this boundary was near central meridian have been examined. The clearest

example of the magnetic arcade structure was shown in Figure 2. There is a

considerable variation in the clarity with which the structure can be seen

during the other days when the boundary was near central meridian. Strong

field maps for four other recurrences of the boundary near central meridian

are shown in Figure 5. For the strong field maps the solar photosphere is

divided into 2592 surface elements of equal area, and field lines are drawn

from the 400 areas having the strongest field. Therefore the fact that the

sector magnetic arcades shown in Figure 5 do not cover the complete range of

latitudes is probably related to the fact that after the 400 strongest field

lines have been drawn, the sector arcade had not been completely defined.

The strongest fields associated with the sector arcade appear to be in the

northern hemisphere, which has been predominant for most forms of solar

activity during the past sunspot cycle.

One of us (LS) scanned through the Atlas of Magnetic Fields in the

Solar Corona during the interval from the middle of June 1968 through the end

of 1969. The interplanetary boundary was observed to recur in a stable

manner through this interval, as can be seen in Figure 1. This scanning was

done without knowledge of the positions of the sector boundaries.

The central meridian time was recorded for all magnetic arcades

that met the following criteria, and were therefore similar to the arcades

shown in Figures 2, 3 and 5: 1) Approximately North-South axis, i.e. field

lines in the East-West direction, 2) At least one quarter of the disk wide

in the East-West direction, 3) At least one-half of the disk long in the
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North-South direction, 4) Visible in both the general and strong field maps,

and 5) Can be followed from the East limb through central meridian passage.

The polarity of these arcades was recorded according to whether the 
westward

(leading) part of the arcade had field lines directed outward or inward to

the sun.

Figure 6 shows a histogram of the number of arcades versus the

number of days between central meridian passage of the arcade and the space-

craft observation of the interplanetary sector boundary near the earth. If

the interpretation of these coronal magnetic arcades as being related to

solar sector boundaries is accepted, then the quantity At is the transit time

for the solar wind plasma to bring the field lines comprising the boundary

from the sun to the earth. In Figure 6 the arcades having a westward (lead-

ing) polarity out of the sun are cross-hatched. These arcades have the

correct magnetic polarity to be associated with the polarity change of the

observed interplanetary sector. The two arcades having a westward polarity

into the sun are shown without cross-hatching.

The average transit time for the eight arcades at 4 days and 5 days

in the histogram having the same polarity as the interplanetary boundary is

3-7/8 days. This is consistent with the transit time of (4j ± J) days dis-

cussed by Wilcox (1968), particularly since the average solar wind velocity

would tend to be larger near the maximum of the sunspot cycle (1968 and 1969)

than near the minimum, when the 4j day transit time was observed.

No arcades with polarity opposite to the interplanetary boundary

polarity were observed near this transit time, and only two such opposite

polarity arcades were observed in the transit time interval from 0 to 10 days,
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as compared with ten arcades in this interval with the same polarity. Thus

within the limitations inherent in the small number of cases this analysis sup-

ports the identification of the magnetic arcades as described above with the

sector boundaries.

If we accept the magnetic arcade structure of Figure 3 as the

large-scale coronal structure associated with a sector boundary, several

interesting implications can be discussed:

1. The sector boundary extends nearly from pole to pole, i.e.,

the sector structure has a very large extent in latitude on the sun.

2. The sector boundary is approximately in the North-South direc-

tion on the sun. Little or no effects of differential rotation are observed

in the shape of the sector boundary. Instead, the sector boundary appears

to be in a rigidly rotating coordinate system.

3. The solar sector boundary is not influenced by the solar

equator. At any given longitude the sector polarity is the same on both

sides of the equator.

4. Let us examine the source of the solar wind plasma as a func-

tion of heliographic latitude. The sector arcade structure shown in Figure 3

would appear to have approximately the same conditions for efflux of photo-

spheric plasma outwards at all latitudes. Thus at least as far as the large-

scale coronal magnetic structure associated with the sector boundary is

concerned, there is no evidence for a favored latitude as the source of solar

wind plasma, either at equatorial latitudes or at higher latitudes.

5. Let us examine the source of the solar wind plasma as a func-

tion of heliographic longitude. The region near the solar sector boundary

appears to have closed coronal magnetic field lines which might tend to
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inhibit the outward flow of the solar wind. A few tens of degrees of longi-

tude (or a few days solar rotation) away from the boundary appears to be

a region with open coronal field lines through which the solar wind plasma

could more readily flow outward. This region with open coronal field lines

might have a smaller electron density and be observed as a coronal hole.

This interpretation is consistent with that made from a rocket shot by

Krieger et al. (1973) who observed a coronal hole that would have been at

central meridian on 22-23 November 1970. A solar sector boundary was at

central meridian on 20 November 1970, since it was observed by spacecraft at

the earth on 24 November 1970. Thus the coronal hole observed by Krieger

et al. (1973) was two or three days eastward (following) a solar sector

boundary. A semblance of the magnetic arcade structure associated with this

boundary can be seen in the right hand portion of the coronal magnetic field

map for 24 November 1970 shown as Figure 3 of Krieger et al. (1973).

6. We note that large solar flares are likely to occur near a

solar sector boundary (Bumba and Obridko, 1969), i.e., in a region where the

sector magnetic fields are oppositely directed and where conditions for

magnetic merging and the release of magnetic energy may be favorable. The

direct radial access of cosmic rays accelerated in such flares may be

inhibited by the closed sector magnetic arcade structure. Instead, such

cosmic rays might flow along the arcade loop structure over a few tens of

degrees of longitude until they come near open magnetic field lines near the

base of the arcade, and then escape outward into the interplanetary medium.

In summary, the persistent large-scale coronal magnetic structure

associated with a sector boundary is probably similar to the magnetic arcade

structure shown in Figure 3 extending in approximately the North-South
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direction from one polar region to the other. The comparisons of the com-

puted coronal field with eclipse photos suggests to Altschuler and 
Newkirk

(1969) that the calculations on which the structure shown in Figure 3 is

based can be expected to give an accurate representation of the shapes and

locations of the coronal field lines. To the extent that these two state-

ments are correct, the six implications discussed above wbuld appear to

follow. The coronal field maps appear to give a "snapshot" of the rigidly

rotating solar magnetic sector structure that was derived earlier from

analysis of comparisons of the observed interplanetary and photospheric

magnetic fields.

These results are consistent with the preliminary identification

by Newkirk (1972) of magnetic arcades with solar sector boundaries.
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Figure Captions:

Figure 1. Spacecraft observations during 1969 of the sector boundary dis-

cussed in this paper are indicated by the dotted line in this

figure, which shows the interplanetary sector structure observed

with the Ames Research Center magnetometer on.Explorers 33 and 35.

The observed interplanetary field polarity is plotted underneath

a chart of planetary magnetic 3-hour range indices Kp (after

Bartels), where dark shading is field polarity toward the sun and

light shading is field polarity away from the sun. The hatched

shading indicates regions of ambiguous polarity (usually with the

field directed approximately at a right angle to the spiral field

direction), and blank intervals indicate no available spacecraft

observations of the interplanetary field. (Wilcox and Colburn,

1972).

Figure 2 (a and b). Coronal magnetic field maps for 1.5 March 1969 when

the sector boundary shown in figure 1 was near central meridian,

and for intervals of 1.5 days before and after this time. A mag-

netic arcade loop structure centered about the sector boundary

can be seen to rotate with the sun. The dashed line shows a

sector boundary drawn through the middle of the lowest loops. The

left side of the figure shows "general field" maps in which all

field lines coming from photospheric areas with field strength

greater than 0.08 gauss are plotted, and the right side of the

figure shows "strong field" maps in which field lines coming from
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the 400 photospheric areas of strongest field are plotted.

These maps display different views of the same calculation for

the same photospheric data.

Figure 3. The magnetic arcade loop structure from the weak field map of

1.5 March 1969 is redrawn. The dashed line shows a sector

boundary drawn through the middle of the lowest magnetic loops.

The sector boundary extends from one polar region to the other

in approximately the North-South direction.

Figure 4. Schematic of an average solar sector boundary derived from

analysis of a comparison of the observed interplanetary magnetic

field and the observed photospheric magnetic field. The boundary

is approximately in the North-South direction over a wide range

of latitude. The solar region to the west of the boundary tends

to be quiet and the region to the east of the boundary tends to

be active.

Figure 5. Coronal magnetic field maps for four days in which the sector

boundary was near central meridian. This figure shows the per-

sistence of the sector coronal magnetic arcade structure during

1 years. These "strong field" maps show only field lines emerg-

ing from 400 photospheric areas having the strongest fields, so

that the full extent in latitude of the magnetic arcades are not

shown.

Figure 6. Histogram of the number of arcades satisfying criteria described

in the text versus the number of days At between central meri-

dian passage of the arcade and the spacecraft observation of the

interplanetary sector boundary near the earth. If the arcades
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are identified with solar sector boundaries then At is the

sun-earth transit time of the boundaries. The interval

0 < At 1 day is labeled 1 day, et cetera.
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SCHEMATIC OF SOLAR SECTOR BOUNDARY
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