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39 Comparing this 1975 data with previously studied dete from 1970 and 1973,
we find evidence that incoming cycle 21 was slrcady present on the sun ot middle
and high latitudes in 1973 and 1970, Extrepolating backwerd end forwerd in time
from these three periods, we find that it is conceivable that two solar cycles
may be present on the sun at all times. It sppesrs thet further stetisticsl
studies of ephemeral active regions may yield long-term progaostic information
on the future course of solar activity.

““ The birth, development, and decay of individual ephemeral reglons were
studied from fine-scan magnetograme taken on 1-) Oct, 1975, 19-22 Now, 1975, and
17 Jen. 1976 at Kitt Peak Observatory. The Oct. dats is charscterined by
spatisl resolution of 0.75" and & low notee level, 2 Glo.)S".mh ?u set of
data the birth rate of ephemeral regilons 18 | per hour per 107 ka". If thie
rate is typical of tr latitudes, spproximately 30O ephemersl regilons sre born
per hour between NJO™ and 35307,

[~ The birth of 90 ephemeral reglons was recorded. Prior to the birth of
regions, existing network was found to disappear or show leteral displacement,
The growth and decay rates of reglons were comparable. In the decaying phase,
some flux elements simply dissppeared; some merged with network or other
elements of regions of similar polarity; some collided and silmultencously
disappeared with network or elements of other regions of opposite polarity.
All clearly identifiable ephemeral regions dissipated by these processes while

| continuing to expand. ., Some small adjacent flux elements of opposite polarity

appeared to shrink in a manner opposite to the birth of regions.
However, in none of these cases were the bipoles observed at birth, an
obeervation which would confirm their {dentification as ephemeral regions.
Hence, no positive evidence was found by which any subset of ephemeral regions
could be interpreted as being a phencmenon different from active regions.
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Preface

This study constitutes further rescarch on the subject of ephemeral
active regions which was initiated under AFCREL Contract FIS628.73.C.0184 Wy
the present suthors when they were employed at the Lockheed Solar Observatory
by the Lockheed Missiles and Space Co. The titles of the previous publications
are: Ephemeral Active Regions (Marvey, K. L., and Martin, 5. F. (197)),
Ephemeral Active Regions in 1970 and 197) (Marvey, K. L., Harvey, J. W, and
Martin, 8. F., 1975).

The suthors thank B, Cillesple and J. V. Narvey for their sssistance in
acquiring new obeervations during 1975 and 1976 and of L. Myers for programming
and plotting the rendom distributions of active reglons in longlitude.




EPHEMERAL ACTIVE RECIONS DURINC THE SOLAR MINImuN
Part 1 « GCeneral Propertice and Trends over ihe Solar Cycle

1. INTRODUCTION

A study of ephemeral active centers occurring on the sun during selar
sininum vas initisted to collect more information on how the number of
ephemeral reglons varies as o function of time during the solar cycle, to
determine the approximate number present on the whole sun ot any time during
the solar minisus, snd to test our abllity to differentiste between sphameral
reglons assoclated with incoming solar cycle from those sssociasted with
declining solar cycle.

In thie section we report on the statistical properties of ephemeral
regions occurring during six months of the curreant solar sinisun and compare
these results with previous studies of sphemeral reglon dats from periode of
similar length in 1970 and 1973 (Marvey, Narvey & Martin, 1975). The dats
studied includes all ephemeral active reglons and active reglons identifisble
on the Kitt Peak daily magnetogreme and/or listed in the McMath Calcium Plage
tables in Soler Geophysical Dats, from April to Novesber 1975. However, no
Kitt Peak magnetograms were available from Auguet 10 to October 2, 1975,
Hence, the period studied is representative of a 6 month rather then an 5 sonth
interval during the solar minimum.

The McMath plage tabulations included a ssmall fraction of sctive regions
with lifetimes of only one day which were aleo identified as ephemeral regions
on the Kitt Peak magnetograme. This redundant semple of McMath ephemeral
regions was removed from our new tabulations of ephemeral regions compiled
from Kitt Peak magnetograms to make the data samples mutually exclusive,

2. NUMBER DISTRIBUTION AS A FUNCTION OF TINE

Puring 1975, substantially fewer ephemeral regions were visible on the
sun than during 1973 or 1970 consistent with the general decline in the total
number of long-lived, sunepot-producing, active regione during solar cycle 20.
This decline in ephemeral regions is graphically illustrated in Fig. 1 in
comparison with the sunspot numbers for solar cycle 20. The sunspot numbers
are the smoothed daily Zurich sunspot numbers a¢ published in Solar Geophysical

Data.

————————————
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The relative number of ephemersl reglons durisg the © month intervals
studied is given on the vertical scale on the right in Fig. | selected such
that the ephemeral regions during 1970 heve spprosimately the same amplitude
as the Zurich Smcothed sunspot number for that interval as shown by the werticasl
coordinate on the left., To arvive st corvect relative sumbers of ephemeral
regions for Fig. 1, it was necessary to degrade & sample of the 1975
magnetograms taken with 512 channel magnetograph to the sppareat reselution
of the 40 channel magnetograns from 1970 and 1973, The degrading was
accomplished by averaging every 4 plcture clements, I8 2 x 2 arreays, across
a sample of 10 daily magnetograme. After degrading, it was found thet &
factor 2.1 fewer ephemeral reglons could be fdentified, This fector was then
sultiplied by the numbers of ephemeral reglons previowsly reported for 1970
and 197 to arrive at comparable numbers for Fig. 1.

As fllustrated in Fig. 1, we found that on an average, at any given Lime,
182 ephemeral regions were present on the vhole sun during 1975, This nunber
is strongly dependent on the quality of the dally sagnetograns shich is a
function of instrumental resolution and atmospheric image quality. in {ine-escen
magnetograms, taken during periods of very good atmospheric image quality, we
find that we are able to identify several times as many ephemeral reglons per
unit area than on comparable sections of the daily magnetograms. Hence, there
may easily be as many as 500 ephemeral regions on the sun at any time during
solar minimum and s correspondingly areater number during solar meaximum which
would dbe identifiable in magnetograms having & spatial resolution of abowt |
arc sec.

Our previous papers contain contradictory evidence regarding the changing
numbers of ephemeral regions as a function of the solar cycle. In our initial
investigation of ephemeral regions (Harvey and Martin, 1973), we prepared a
graph showing changes as a function of time in the small sample of ephemeral
active regions contained in the McMath Ca plage tabulations of large sctive
regions published in Solar Ceophysical Data. The graph shows the ephemeral
regions to maximize during solar minimum, an apparent contradiction to the
results shown in Fig. 1 which were derived from Kitt Peak daily magnetograms.
This discrepancy is aleo seen in Fig. 2, where the shortest-lived regions seem
to be increasing toward solar minimum. We now suspect that each graph may
contain valid informstion and that each graph may not be a complete
representation of the changes in the numbers of ephemeral regions as a

function of time.
6
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Fig. 2. Lifetime distribution of active centers (regions) as determined from
calcium plage data tabulated at McMath-Hulbert Observatory and published in

Solar sical Data. The intervals illustrated are Apr.-Sep. 1970, 1973,

and 1975, The 1975 data has been corrected to identify only single bipolar
magnetic field units as seen on the daily magnetograms from Kitt Peak Obeervatory.
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The absence of a manimum in cphemeral regilons during solar mesiswe in the
Ca plage tabulations in Fig. 7 can be stiridbuted to the difficuliny thet
observers face in differentiating between sewly developed epheomers! regions
and small clumpings of plage which are the dispersed remmants of large active
regions. We have made several attempts Lo identify ephemeral regions on Ca 11
filtergrams and spectroheliograme end later checked owr resulis against
magnetograme., We found that our identificetion based omly om Ca 11 filtergrame
were only about 508 correct. Newly formed, Bright ephemeral reglons cen
usually be identified In arcas where the density and field strength of active
region remnants e low. However, Bright ephemeral regions in moderately
bright plage often cannot be distinguished from tiny waipoler clumps of plage.
Weak ephemeral reglons are even more difficult o corvectly differentiate
from unipolar fragments of sctive regions. This problem accownts for the
absence of ephemeral reglons in the McMath FPlage tabulations during soler
maximum, when most of the solar disk (s covered with decayed remnants of active
regions. However, this explanation does not necessarily accownt for the apparent
maxisum in ephemeral reglons in the MeMath Plage tabwistions during soler
minimum. In the 1975 data we have found that the number of ephemeral reglons
apparently associated with the incoming solar cycle exceeds the number of
ephemeral regions from the outgoing cycle (Fig. 1). Thes, during soler minimum,
8 secondary maximum in the number of ephemeral regions may occur as & result
of significantly large contributions from two solar cycles being simultancously
present on the sun. Such a hypothesized secondary maximun would not sppear in
Fig. 1 because of insufficient sampling of ephemeral region deta over a
sufficiently long time base.

In Fig. ] we show the distribution and relative numbers of ephemeral
active regions and active regions by solar rotation from April to November
1975 (Rotation 1626-<1635). The anticipated trend is a decline in the nunber
of all long-lived regions related to the outgoing solar cycle and an incline
in the number of active regions associated with the incoming solar cycle,
However, the total number of ephemeral regions, associated with both the
outgoing and incoming cycles, seems to be increasing during this interval,
The increase in incoming cycles regions is not surprising since mew cycle
surspots were also beginning to appear. However, the apparent increase in
outgoing cycle ephemeral regions was not expected. This may be due simply to
a temporary fluctuation in the sunspot numbers during this interval. A very
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surprising result is that the new cycle ephemeral regions outnumber the old

cycle ephemeral regions in both hemispheres. Thus, there is a higher ratio of
ephemeral sctive regions to active regions for the incoming cycle than the
outgoing cycle.

The relative numbers of new and old cycle regions in each hemisphere is
shown in Fig. 3. New cycle active regions are slightly more numerous in the
northern hemisphere than in the southern hemisphere, while old cycle active
reglons seem to be nearly equal in number in both hemispheres.

In the northern hemisphere, mejor new cycle regions have csught up with
the old cycle regions, while in the southern hemisphere, major incoming cycle
reglons are still lagging major outgoing cycle regions. Hence, {t i{s evident
that the solar miniwum measured in terms of traditional solar parameters must
take place after November 1975. The solar minimum defined as the time when
the sunspot number associated with the incoming cycle exceeds the number
associated with outgoing cycle, occurred around or after December 1975.
However, a solar minimum in terms of relative numbers of ephemeral regions
associated with the incoming and outgoing cycles must have occurred sometime
prior to the beginning date of this study, probably in late 1974 or early 1975.
This means that an ephemeral region minimum occurred about one year or more in
advance of the solar minimum as traditionally defined. We suggest that valuable
prognostic information about the course of the solar cycle activity may by found
through the continued study of ephemeral regions.

3.  VARIATIONS IN EPHEMERAL AND ACTIVE REGIONS AS A FUNCTION OF LIFETIME

The distribution of the lifetimes of active regions for the months of
April-October 1975 {s shown in Fig., 2 in comparison with similar graphs for
1970 and 1973 data. Due to the continuous nature of these distributions and
other reasons cited previously (Harvey et al., 1975), we consider ephemeral
regions to be simply the smallest and shortest-lived of all active regions.

As expected, it is evident that long-lived active regions (54 days) are
more numerous during solar maximum. It {s surprising, however, that the number
of 2 day and 3 day regions seem to be more numerous during solar minimum (1975)
than during solar maximum (1970). This apparent increase in the regions having
lifetimes of 2 and 3 days may be due to the difficulty in identifying short-lived
regions at times outside of solar minimum as discussed previously for ephemeral

10




regions (1 day lifetimes). To be certain of this probable explanation, however,
identif ications of short-lived regions should be made using daily (or more
frequent) magnetograms throughout a whole solar cycle.

4.  ORIENTATION

The identification of incoming cycle and outgoing cycle active regions is
traditionally made on the basis of the relative orientation of opposite
polarities within a region. For ephemeral active regions, however, thie
criteria is valid only for large statistical samples. This {s due to the fact
that the relative orientation of the opposite polarities varies a function of
lifetime as seen on Fig. 4. For regions with lifetimes 7] days, the shorter
the lifetime, the more likely it {s that the orientation of the bipole will be
random. Conversely, the longer the lifetime, up to about 3 days, the more
likely a region will possess (for most of its lifetime) the same orientation
possessed by the majority of sunspots groups for the cycle and hemisphere in
which the sunspots appear. On longitudinal magnetograms, the orientation of
active regions, ephemeral regions or sunspots can be established by drawing a
line from the centroid of the peak of one polarity to the centroid of the peak
field of opposite polarity. In this paper, we arbitrarily define the direction
as going from positive to negative and identify the direction with an arrow.
The angle that this arrow has with respect to a line parallel to the solar
equator establishes the orientation of the primary bipolar components of a
region. To simplify the task of determining orientation for thousands of
ephemeral regions, all regions were visually divided into 8 orientation bins
each 45° wide with the bin boundaries being the same as the 8 points on a
compass with solar coordinates: N, NE, E, SE, S, SW, W, and NW. With this
system we could rapidly visually estimate and tabulate the orientation of all
ephemeral and active regions in this study for which magnetic field information
was available.

The orientations which follow the Hale Law of sunspot polarities for the
current solar cycles also are shown on the left side of Fig. 4. it is seen in
Fig. 4 that almost all regions having lifetimes greater than 2 days have proper
orientations according to the Hale Law. Regions having lifetimes of 2 and 3
days tend to have more proper than reverse orientations. Ephemeral regions have

nearly random orientations with only a slight tendency to favor the proper

orientations of the cycle and hemisphere in which they occur. It i{s also seen
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that the high latitude cycle 21 regions of 2 and 3 day lifetimes tend to be
more rardomly orieanted than the 2 and 3 day regions from established cycle 20.
A likely explanation for this difference is that high latitude, cycle 21 regions
may tend to be shorter-lived on average than low latitude regions.

From a study by Weart (1970) we know that even long-lived regions initially
appear with random orientations and tihat the proper orientations according to
the Hale Law are usually established i{n the first day of development. Thus, by
comparison, with the ephemeral regions, we can surmise that the orientation
L behavior of any active regions in its first or second day may be an indicator
of how long-lived the region will ultimately be. The behavior of all active

regions in their first day of development is a subject which should be studied
further with high resolution telescopes.

5. DIFFERENTIATING BETWEEN SUCCESSIVE SOLAR CYCLES

Frcm the above, it is obvious that we cannot identify individual new cycle
ephemeral regions from individual old cycle ephemeral regions based on the
relative orientation of opposite polarities. However, the statistical trends
of a large sample of ephemeral regions as a function of latitude and as a
function of orientation do allow us to identify ephemeral regions associated
with both the incoming and outgoing solar cycles. In Fig. 5, we show the
latitude distributions for 4 groups of active regions: long-lived, 54 days;
short-lived 2-14 days; 1 day (ephemeral) regions from the McMath Ca Plage
tabulaticn; and 1 day (ephemeral) regions tabulated from the Kitt Peak daily
magnetograms, exclusive of the 1 day McMath regions.

Both groups of ephemeral regions show maxima in these distributions
corresponding to outgoing solar cycle 20 within 12° north and south of the solar
equator and maxima corresponding to developing solar cycle 21 around 37° north
and south latitude. For outgoing cycle 20, the ephemeral region maxima
correspond to the maxima in the latitude distribution of long~lived regions.
However, for the incoming cycle, the ephemeral region maxima tend to be at
higher latitudes than the maxima in the regions with lifetimes equal to or
greater than 2 days (Fig. 5).

The long-lived regions shiow little evidence of the incoming solar cycle
while the short-lived regions show substantial numbers of regions associated
with the incoming solar cycle. Ephemeral region maxima associated with the

incoming cycle are nearly equal to the maxima associated with the outgoing cycle.

13
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Fig. 5. Distribution in latitude for active regions in several lifetime
grouping for Apr.-Nov. 1975. Mid-latitude peaks corresponding to incoming
solar cycle 21 increase in amplitude with shorter lifetimes more rapidly
than do regions associated with outgoing cycle 20.
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This trend merely i{llustrates the well known fact that the earliest regions
to appear in a new solar cycle are usually short-lived. It is an important
point to reiterate, however, because it is now evident that further study of
! ephemeral regions may yield long-term prognostic information about future
course solar cycles. Consequently, it is also important to know how well we
can statistically identify ephemeral regions with a particular solar cycle.
The new cycle and old cycle components of ephemeral regions are usually
distinguishable in data samples as short as 1 solar rotation. In Fig. 6,
ephemeral regions for solar rotation numbers 1627 through 1635 are shown
excluding rotations 1631 and 1632 because insufficient data were obtained in

these rotations. Also, rotations 1633 and 1635 were incompletely sampled.
Rotations 1627, 1628, 1629, 1630, 1633, 1634, and 1635 show distinct high
latitude maxima between 30° and 44° south in either or both the northern and
southern hemisphere. All four maxima, however, do not necessarily appear
clearly in data samples taken during a single solar rotation.

The two incoming and two outgoing cycle maxima can be seen more clearly
when the entire data sample is divided between regions having the proper
orientations (conforming to the Hale Law for sunspots for cycle 20) and reverse
orientations as illustrated in Fig. 7. Subtracting the reverse orientations
from the proper orientations as in Fig. 8 more clearly shows the statistical
tendency for ephemeral regions to conform to the Hale Law for sunspot polarities
and hence differentiates outgoing cycle from incoming cycle regions.

On the basis of the minima in the latitude distribution between regions

associated with the incoming and outgoing cycles, as well as on the reversal {
of the majority of regions in orientation at these minima, we have found for :
the northern hemisphere that the incoming cycle regions are more numerous north
of 18° and outgoing cycle regions are more numerous equatorward of 18°. For
the southern hemisphere, the transition between incoming cycle regions and
outgoing cycle regions is at approximately 24° south latitude as illustrated

by the distribution in Fig. 9. The apparent broadening of the latitude

distribution of active regions, when considering active regions of successively

P shorter lifetimes, suggests to us that there is probably no sharp cutoff

' between regions associated with the incoming and outgoing solar cycles. The
distributions of ephemeral regions and short-lived regions from adjacent solar
cycles seem to spatially overlap. This property is difficult to reconcile with
the Babcock (1961), Leighton (1969) and Parker (1970) dynamo models of the solar

cycle.

15
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6. DISTRIBUTION OF ACTIVE RECIONS IN LONCITUDE

In this study, as in the prior study (Harvey et al., 1975), we find no
preferred longitudes for the occurrence of ephemeral reglons during the six
monthe studied. However, because of the {mportance of the concept of active
and quiet longitudes, we extended this part of the study to further investigate
the questions of whether ephemeral regions tend to cluster sround longer-lived
active regions and whether or not active regions tend to repeatedly occur at
nearly the same longitude more often than would be expected if the regions were
randomly distributed in longitude.

Using the lifetime groupings 1 day (Kitt Peak), 1 day (McMath), 2 and 3
day, 4-14 day, 15-54 day and >54 day, all the regions were plotted rotation by
rotation as a function of Carrington longitude. In overlaying these plots in
all combinations, we found no tendency for short-lived regions to cluster around
longer-lived regions.

To test the question of whether active regions, short-lived or long-lived,
repeatedly occur at the same longitudes, the data was replotted at randomly
selected longitudes and randomly chosen rotations in the same format as the
real distribution. In Fig. 10-14 the randomly plotted regions are shown
adjacent to the real data. We conclude that the positions of birth of all
active regions are non-systematic in solar longitude.

Because the above tests yielded clearly negative results, it appears that
the active longitudes, that are so frequently displayed in 27 day recurrence
diagrams, are just a natural consequence of plotting a random distribution of
data which has a long-lived component. Replotting each long-lived region in
Fig. 14 at 27 day intervals throughout their lifetimes yields apparent active
longitudes as shown in Fig. 15 for both the real data and the randomized data.

As one further check to see whether there could be irregularly shaped,

unusually active zones on the sun, we made plots of latitude vs. longitude
displaying both lifetime and orientation with symbols. In overlaying plots
from successive rotations, we found no evidence of active zones or areas where
the orientation or distribution of regions differs from the patterns already

discussed.

7. THE PROGRESSION OF SOLAR CYCLES

The presence of large numbers of ephemeral active regions associated with

both the incoming and outgoing solar cycles in 1975 allows us to make predictions

20
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about future observations of ephemeral regions, the future course of solar
activity in general, and to reinterpret data acquired in previous years (X-ray
bright pt. and ephemeral region data).

In Fig. 16, we re-examine the latitude distribution of ephemeral regions
for 1975, in comparison with similar distributions for 1970 and 1973. In
retrospect we can now see evidence of high latitude maxima corresponding to
the new solar cycle 21 both in 1973 and in 1970. During this 5 year interval
these high latitude maxima seem to remain centered between 37° and 44° in both
the northern and southern hemisphere. However, this does not mean that there
is no equatorward progression of these maxima, although it does mean that
possible equatorward progression would be slow, 1.4 degrees/year or less on
average. Indeed, during this same interval in 1975, the equatorward progression
of the low latitude maxima was slow -- about 1° per year as measured on a
“butterfly diagram" (Fig. 18). Additional evidence that these high latitude
maxima btelong to incoming solar cycle 21, as far back as 1970, can be seen in
Fig. 17. 1In Fig. 17 reverse orientation regions (i.e., reverse orientations
to the Hale law of sunspot polarities for cycle 20) are subtracted from the
proper polarity orientations and shown as a function of latitude. Low latitude
regions have a dominance of properly oriented regions which changes to a
dominance of reversely oriented regions between 18° and 30° north and south
latitude. These first significant reversals of the dominant orientation occur

°, and 18°, respectively, for 1970,

in the northern hemisphere around 30°, 24
1973, anc 1975. In the southern hemisphere the reversals occur around 24°
during these periods. These reversals are just about halfway between the new
and old cycle maxima in the latitude distribution. Poleward of these reversals
in the dominant orientation regions may either be proper or reverse on average.
The fluctuations in dominant orientation near the poles may be an indication
that the poleward ephemeral regions are on average shorter-lived than the low
latitude ephemeral regions. As illustrated in Fig. 5, the shortest-lived active
regions tend to be more randomly oriented.

Now that we have evidence that ephemeral regions related to solar cycle
21 were prasent in significantly large numbers at middle and high latitudes
in 1973, we can offer a reinterpretation of the x-ray bright points which are
the x-ray counterpart to ephemeral regions. Upon examination of data taken by
the S-054 x-ray experiment on board Skylab, Golub et al. (1975) have interpreted
the total x-ray bright point distribution in latitude as consisting of the sum

21
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of two different distributions. In their interpretation, one distribution I
corresponds to ephemeral regions related to solar cycle 20 and the other
distribution corresponds to another kind of feature distributed uniformly
over the whole sun. In re-examining the 1973 data, we note again (Harvey,
Harvey and Martin) that the x-ray bright point distribution is very similar
to our distribution of ephemeral regions for 1973. We now suggest that most
x-ray bright points seen at high latitudes are probably identifiable with 1
ephemeral regions related to incoming cycle 21 instead of the hypothesized
uniform distribution of some other solar phenomenon.

This study causes us to ask the question, 'When do ephemeral regions of

a new solar cycle first become visible?" Unfortunately, we cannot extrapolate
prior to 1970 with any great certainty. Before 1970, magnetograms of
sufficiently high resolution to detect ephemeral regions, especially at high
latitudes, were not being taken. However, we can re-examine the "butterfly"
diagrams of the last solar cycle, in the light of our new information on
ephemeral active regions, and attempt to make a reasonable extrapolation.

From our latitude distributions, we know that ephemeral regions of the incoming
and outgoing cycle have overlapping distributions. Also, we know that these
distributions seem to extend to the poles. Hence, a butterfly diagram such

as the one in Fig. 18 (courtesy of R. F. Howard, 1976) would look quite different
if it included ephemeral active regions. A complete butterfly diagram would
have no 2mpty spaces and the '"butterflies'" would be areas where there would be

a higher density of regions (magnetic flux). A zone of minimum density might

be present between successive solar cycles (dashed lines in Fig. 18). For
purposes of extrapolating, we will assume that the distance between the latitude
of maximum sunspots and the transition zone remains nearly constant. It was
approximately 17° for 1970 and 1973 in the northern hemisphere. BExtrapolating
backwards in time parallel to solar cycle 20, we find that the transition zone

between cycles 20 and 21 could have been around 50° north and south latitude |

in 1966. The latitude of maximum activity for the new cycle, if present, could
have been anywhere poleward of the transition zone, possibly near or poleward
of 67° if the latitude range of this cycle remains about 35° or greater.
Although there is great uncertainty in this extrapolation, it is readily |
conceivable that two solar cycles could be present on the sun at all times. j
Using the butterfly diagram in Fig, 18, we can also estimate how long
ephemeral regions belonging to solar cycle 20 will continue to be visible at
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near-equatorial latitudes. On the transition line (dashed line) between solar

cycle 19 and 20, we can place points at N18 and S24 corresponding to the
transition zones found for the 1975 data. We find that these points occur
during 1964, one solar cycle earlier than 1975 when the northern hemisphere
displays again clear evidence of the presence of two cycles: outgoing cycle

19 and incoming cycle 20. We also note that at this time in 1964, the southern
hemisphere activity was lagging the northern hemisphere activity by approximately
one year, as was still evident in 1975. Following the transition line between
solar cycles 19 and 20 to the equator, we estimate that ephemeral regions from
solar cycle 19 could have continued until 1967 in the northern hemisphere and
until 1968 in the southern hemisphere. If 1975 activity is comparable to 1964
activity, we can predict that ephemeral regions from solar cycle 20 may continue
to be produced until 1978 in the northern hemisphere and possibly until 1979 in
the southern hemisphere. Since active regions from solar cycle 20 seem to be
progressing towards the equator more asymptotically during solar cycle 20 than
in solar cycle 19, ephemeral regions from solar cycle 20 could be observed even
further into the future than we have predicted.

From the above extrapolations, it i{s evident that 3 solar cycles could be
present on the sun during solar minimum: the oldest being {n the equatorial
region, a dominant one occurring at mid latitudes, and a new cycle beginning
in the polar regions or at high latitudes. We suggest that further work, both
theoretical and observational, needs to be done in order to understand the
obvious roll that ephemeral regions are playing in the developmen% and decay

of solar cycles.

8. RECOMMENDATIONS FOR FUTURE STUDIES

Long-term Investigations

An observational program should be initiated during the current solar
minimum to see if ephemeral regions can yet be detected in the polar regions
or at high latitudes and identified with solar cycle 22. If negative results 9
are obtained, the program should be continued yearly until the start of solar
cycle 22 is identified. After detection, it would then be desirable to follow
the development of the new solar cycle to determine the number of regiors 1
produced, the latitude spread, the rate of equatorial migration, and the extent
to which the newest cycle overlaps in latitude with the active regions related
to the dominant cycle (21).




Studies of ephemeral regions may yield important prognostic information

on the course of solar cycles years in advance. A '"Maunder minimum,” in which
long-lived sunspot producing regions are absent, could again occur in the
future. Such a 'Maunder minimum'" might be predictable if enough information
is collected on the early development of solar cycles through the study of

the ephemeral component as well as the long-lived component of solar active
regions.

It is evident from this study that a '"Maunder minimum'" does not
necessarily mean an absence of the solar cycle. There could be solar cycles
in which the total number of long-lived active regions is very much smaller
than in recent cycles. In this case the solar cycle could continue much as

we know it but only observable in the form of ephemeral active regions.

Short-term Investigations

Another area of investigation suggested by this study of ephemeral active
regions is the extent to which solar flares are related to small and large
active regions developing within existing active regions. As illustrated in
Fig. 1, both ephemeral and long-lived active regions increase enormously during
solar maximum. This greatly increases the probability for the interaction of
separately developing active regions. Our suggested study of the relationship
of solar flares to the interaction of regions should have two parts: (1) flares
occurring in the immediate vicinity of newly observable magnetic flux and
(2) flares which occur in the nearby vicinity of newly appearing flux. The
time scales and precursors of these two subsets of flares could be quite
different. This study could be initiated using the limited number of
time-sequences of high resolution magnetograms that have been taken since 1969
at various J. S. solar observatories since about 1969.

New programs should be begun to obtain high resolution observations of
the evolution of all components of the magnetic field in conjunction with high
quality observation of flares at visible wavelength. There is hope that the
study of the interaction of magnetic flux from separate active regions in
various states of growth and decay may yield more specific information useful

in flare prediction.
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Part II - Characteristics of Individual Ephemeral Active Regions

l. INTRODUCTION

It has become increasingly evident through our several studies of ephemeral
active regions that their emergence is a frequent occurrence, and that these
small bipolar regions are just small active regions. It is therefore probable
that much of what we have learned and can learn about the birth of ephemeral
regions may also be similar for the longer-lived active regions which are much more
difficult to record at birth.

In our initial investigations of ephemeral active regions, we first
observed and studied the birth of 8 of these small bipolar regions (Harvey and
Martin, 1973). We found that these regions (1) had a total magnetic flux
(Jo+| + [¢=]) of 1019 - 4.7 x 1020 Mx with average flux of 1020 Mx, (2) extended
over 2-4 x 10* km, (3) expanded with an average speed of 1 km u-l. (4) first
appeared in Hx about 30 minutes after the onset of the region, (5) developed
adjacent to existing network fields, rather than co~spatial with the network.

In this part of our investigation we have concentrated on two areas of
particular interest: (1) the details of the birth, development, and decay of
ephemeral active regions, and (2) the location of ephemeral regions in relation
to the supergranule, cell structure. These characteristics of ephemeral
regions were studied using new observations covering larger areas of the quiet
sun and having higher spatial and temporal resolution than the data used in our

first study.

24 THE OBSERVATIONS

The time-sequence of magnetograms and velocitygrams analyzed in this study
were taken during three periods of time and on two telescopes at the Kitt Peak
National Observatory. All of the observations employed the 512-channel
magnetograph described by Livingston et al. (1976). Our first set of data was
taken during 1-3 October 1975 using the 512-channel magnetograph at the main
McMath Telescope. This data permitted us to study the dissipation and
development of magnetic flux with very high spatial resolution and magnetic
sensitivity. The magnetic and velocity data covered an area 3.2 arc-min
square at 7.5 minute intervals. The spatial resolution was 0.75. The second

and third sets of observations were made at the Vacuum Telescope again using
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the 512-channel magnetograph. During the periods of 19-22 November 1975 and
17 January 1976, we repeatedly observed an area 17.0 x 18.5 arc-min centered
on the central meridian at intervals of 12.5 minutes. The spatial resolution
of these data was l".

For all of our observations, the spectral line Fe 1 8688 R was used to
measure the magnetic and velocity fields. The instrumental noise level in
the magnetic field data is 2 G per (0975)2 for the McMath data and 7 g per
(l")2 for the Vacuum Telescope data. The data were taken at appropriate intervals
of time to allow the subduing of the oscillatory velocity field when subsequent
velocity pictures were added.

3. BIRTH, DEVELOPMENT AND DISSIPATION OF EPHEMERAL ACTIVE REGIONS

In Table 1, we have summarized the observations and the number of reglons
whose birth, development or decay were observed. During the three periods of
observation 90 regions emerged; 37 more were observed in a developing phase;
77 were seen to decay or disappear. Dluring the November period, the only
period where the same area of the sun was observed on consecutive days, 23
regions were born overnight (inciuded in the above tabulation of regions
developing) and 23 regions disappeared overnight. Because of the large number
of regions in our sample, we decided to restrict our present detailed analysis
to the best data. This included the October 1975 data, January 1976 data, and

some of the larger regions observed during November 1975.

3.1. Frequency of Occurrence of Ephemeral Regions

The appearance of ephemeral active regions is a very frequent occurrence.
During the October period, for example, an average of 1 region emerged per hour
per 1010 kmz. If this rate of region formation is typical of the low latitudes,
154 regions would emerge per hour between the latitudes N30 and S30 on the
visible hemisphere of the sun during solar minimum. This is a fac >r of 26
greater than expected from the statistical analyses of the Kitt Peak daily
magnetograms discussed in the previous part of this report (assumes an average
region lifetime of 8 hours). IL is also a factor of 4 greater than the rate of
region occurrence observed with the Vacuum Telescope data taken on 17 January
1976, date which has slightly lower resolution and magnetic sensitivity. With
better resolution and magnetically sensitive data, we observe more bipolar

regions. As far as we can tell we have not resolved the smallest of these




Table 1

_Date Number of Regions Observations

= - —

} ! " " Kesolution

11975 From Birth Decaying Born Decayed = Arga Period ~ Spatial, Time

x | (Y Hrs. Arc-sec | Nin

| 10

Oct 1 12 9 1.9 x 10'Y 4.8 75 7.5

ot 2 21 1n 1.9 x 100 2.5 .75 7.5
Gct3 1 \7 | 1.9 x 109 s.0 75 7.5
Nov 19 5 4 9 2.8 x 10" 6.6 1 12,5
Nov 20 7 9 1 1% 2.8 x 10 4.4 1 12.5
Nov 21 5 6 12 | 2.8 x 10! 4.9 1 12.5
1976

lJen 17 29 21 2.8 x 10! 3.9 1 12.5

TOTAL 90 77 23 23

-
During November we observed the same area of the sun on consecutive days; these
tabulations indicate the number of regions which formed or disappeared overnight.




bipolar regions, though perhaps the observations of Harvey and Livingston

(1976) of bipolar elements located within supergranules have defined this
limit,

3. . Pra-region Effects Observed in the Network Fields

With few exceptions, ephemeral active reglons affect and alter the existing
surrounding network fielde. This occurs at all stages of a region's development
from just prior to emergence until Lts demise.

The changes in the network fields observed just prior tn region emergence
seem to occur in two forms: (1) the dissolution of existing network flux at
the locatfon the region {s to emerge, and (2) the shifting of network elements
away from the location of the emerging region.

The first change occurs when a region emerges precisely at the location of
existing network, or in some cases, at the location of an existing bipolar
region. As shown in Figure 1, prior to the appearance of Region Bl, the
network (black) begins to disappear. The disappearance of the network flux
occurs regardless of the sense of the polarity of the part of the region
emerging in the network in relation to the network polarity. The birth of a
region {n network fields does not seem to affect the subsequent development of
the region.

In some instances a new region emerges at the location of an existing
region, in which case we see the dissolution of the existing region, as for
example Regions B2 arnd Dl in Figure 2. Invariably one polarity of the existing
region will remain, though diminished from its original strength, as the new
region begins to erupt. The left-over flux then appears to move to and join
the new region flux as happened with the dissolution of Region D1 and the
emergence of Region B2 (Figure 2).

The shifting of flux elements away from the location of the emerging region
is not an infrequent occurrence. One example of this is shown in Figure 3.

In the 10 to 15 minutes prior to the appearance of the emerging Region B5, a
white flux element located just north of Region B5 shifts northward at a

speed of 0.6 km s'l towards a black flux element. In this particular instance,
the motion of the network elements away from the emerging region appears to be

along the supergranular boundary.
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2047 2139
|'7 JANUARY 1976

Fig. 1. Sequence of four magnetograms taken on 17 January 1976
showing the development of Kegion Bl. Polarity of the magnetic field
is represented by a departure to the black or white from grey.




*74 uolBay jo sduaBaswe o3 i10jad pakedap g uolBay
*,g uoyBay jo juswdoyaaap puw a>uaBiawe Iyl smoys sweiBojsulwm jo souanbag -7 31y

GL6l
4380100

40




*suwe1BolauBew ayj jo 3avd uialsra [BIJuad 3Y3l UJ PUB I3UI0D MN 3Y3
uy 81192 d>133uBew Bujpuwdxs a3yl ajoNy °/q UOIBay JO UOTINTOSSIP 3Y) puB Hg PuB ¢g ‘cg ‘1d suoyBay
Jo jJuawdoyaaap pue yliyq 3yl Buymoys G/61 19q0Ad0 7 Uo uayel sweiBolauBew Jo aduanbag ¢ *Byz

G.61 4380100 ¢
L2:€6028 10:216l

41




3.3. Birth and Development of Ephemeral Regions

The regions we have studied seem to show no preferences as to their point
of emergence in relation to the existing network fields. This is contrary to
the conclusion of our first study but our sample of regions studied was small
(Harvey and Martin, 1973) and to the observations of Zirin (1974).

We defined the 'start' of the region by extrapolating the growth curves

of the magnetic flux, area and the border expansion to zero or to the background

level. Our first observation of a region, i.e., when the longitudinal magnetic
field of the region became measurable, occurs 10 to 20 minutes after the
defined 'start' of the region. At this time a region is an average of 5'" long,
4" wide and the opposite polarity peaks are separated by 2V6.

Figure &4 shows the rate of change of the total flux (|$+| + |5-|) and the
expansion curves (of the peaks and the borders along the major axis) of 3 regions,
Regions Bi shown in Figure 1 and B3 and Bl shown in Figure 3. Along the major
axis of the region, the borders expand at rates of 1-3 km s-l. Often the
expansion of the major axis borders was constant, as for example Region B3
(2 October 1975) shown in Figure 3. In some regions, such as Region Bl
(2 October 1975), the borders expand at an initially high rate during the
first 30 minutes. During the subsequent development the rate of expansion
decreases. The peaks of opposite polarity in the region separate at slower
rates than is observed for the borders. The peak separation rates range from
0.7 - 1. km s-l. The pattern of the peak separation does not necessarily mimic
that displayed by the border expansion.

The maximum total flux (|/$+  + |é-|) observed in the ephemeral regions

studied showed a large range, 0.2 - 33 x 1019Mx. The average total flux was

I3 x 1019 Mx. A maximum in the total magnetic flux curve occurred during our
observations for 95% of the emerging ephemeral regions and was reached from 0.7
to 3.5 hours after the 'start' of the region.

During the growth of the emerging regions, the flux density (total magnetic
flux/area/ was found to increase by 10 to 60 G indicating that we were observing
the emergence of subsurface fields. The maximum flux densities determined for
the growing region ranged from 25 - 90 G.

The flux increases generally were linear if the region had a fairly simple
bipole configuration during its emergence and development, such as Region Bl
(2 October 1975, Figures 3 and 4). Region Bl (17 January 1976), shown in

Figure 1, illustrates an example of non-linear development in a region. The
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initial emergence of the region was a simple bipole; the growth curves show

a linear increase in the measured parameters of the region. Within 40 minutes
the region reached a maximum and, during the subsequent decline, a resurgence
of the region occurred (indicated by the arrow D on the total flux curve of

the region shown in Figure 4). The flux, area, and expansion of the region all
show this effect. The rate of increase in total flux of an emerging region

was an average 3.4 x 1015 Mx s-l. In individual regions flux increase rates

ranged from 0.6 to 7.4 x 1015 Mx 8-1 for the regions having a maximum total

flux of less than 1020 Mx.
There is a slight tendency for the overall rate of increase in total flux
to be larger for the ultimately larger regions. The two regions we observed,

which had total fluxes exceeding 1020 Mx, increased at rates of 1016 Mx s-l,

while the regions with fluxes less than 1020 Mx had an average flux increase

of abouz 3 x 1015 Mx s-l. Referring to Figure 4, Region Bl (17 January 1976)

15 1

increased at a rate of 8.5 x 10 ~ Mx s and was the largest of the four regions

shown in this Figure. Region Bl (2 October 1975), the smallest region,
increased at a rate of 3.2 x 1015 Mx s-l. Regions B3 and B4 (2 October 1975),
on the other hand, illustrate that the relation of flux increase rate to the
maximum total flux of a region is not a consistent one. Both regions had about
the same total flux at maximum development, but reached it at quite different
rates.

We found two causes for changes in the orientation of emerging regions.
(1) The eruption of new and stronger flux in growing regions resulted in an
apparent shift in the orientation from that held previously. For example, the
orientation of Region Bl (shown in Figure 1) changed 100° with the eruption of
new flux in the region. (2) On the other hand, many instances were found where
significant changes in a region's orientation resulted from the migration of
the poles of the region. A good example of this effect is Region B5 (Figure 3).
The region initially emerged with its poles straddling the supergranular boundary.
The two opposite polarity poles then migrated along the boundary is opposite
directions as the region expanded. A change in orientation of 60° was observed

over a two hour period.

3.4. Dissipation of Ephemeral Active Regions

The decay of ephemeral active regions seems to be a more complicated

process than the birth and therefore the interpretation of what we are seeing
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is more difficult. During both the development and decaying phases, regions
are influenced by the motions of and interactions with the network fields
whereas during their initial eruption, this did not appear to be the case.

When a region is observed at birth or throughout most of its lifecycle,
it is cbviously a bipolar unit. However, where we have not observed the
emerging or growing phase, identification of a bipolar unit is not as easy
due to the proximity of network fields. Our selection of decaying regions,
therefore, was based on what we have learned about regions where most or all
of the lifecycle has been observed and on the behavior of opposite polarity
elements in close proximity.

We have noted several conditions under which flux was observed to
dissipate or diminish. Some regions were observed to merge with surrounding
network fields, either adding to the network flux when of the same polarity or
diminishing it when of opposite polarity. An example of this behavior is
Region 37 (3 October 1975) in Figure 2 and Region Bl (2 October 1975) in
Figure 3. Both regions, after their emergence, separated with the poles
moving towards and into neighboring network fields.

In another case, the eruption of a new ephemeral region in the vicinity
of an existing small bipolar region resulted in the demise of the existing
bipolar region. This occurred in the area marked B3-B4-D7 on Figure 3. Region
B4 was growing at the beginning of our observations (see the total flux curve
for Regions B3 and B4 in Figure 4). About the time Region B3 appeared, Region
B4 began to decay. As B3 expanded it apparently forced Region B4 into what we
have defined as a bipolar region D7. The positive (black) pole of D7 and Region
B4 disappeared, leaving the negative (white) pole of D7. The negative pole of
D7 later disappeared when it was caught between the positive pole of Region B3
expanding from the north and inflowing positive flux elements from the south.
The flux curves of Region D7 are shown in Figure 5.

The flow of flux elements into an ephemeral region resulting in the partial
disappearance of the region (and in some cases the addition of flux to the
region) has been observed in several cases, as for example, described above.
These flux elements are finvariably small and do not cause the complete
disappearance of the region.

In only a few cases have we observed flux dissipation which resembles in
appearance the reverse of the birth process of a region. The poles of a region

move together at a rate of about 0.3 km s-l while the flux and area is observed
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to decrease. Region D9 in Figure 6 illustrates this type of flux decay. The
total flux curve of Region D9 {s shown in Figure 5 in relation to the total
flux curve of a neighboring control area of flux. The flux of Region D9 {sa

initially decreasing at a rate of -6.7 x 1015 Mx s-l and slows to a rate of

=L 2 ix 1015 Mx s-l

. These rates are compared with a decrease of 0.5 x 1015 Mx
s-l in the control area. When first observed Region D9 had a bipolar magnetic
field configuration with two strong peaks detected in the negative pole and
one peax in the positive pole of the region. During the region decay, the
northernmost peak appeared to shift towards the positive pole and away from
the other negative peak and to diminish in strength. During this period, the
positive pole also showed a decrease in flux, though it was not as large as
measured in the decaying negative pole. A rotation of 110° of this pole about
the positive pole was observed during the time of decay. 2.5 hours after our
initial observation of this region the decaying negative peak was no longer
detected and the region flux (total) had diminished 3 x 1019 Mx. The decay of
one peak in a pole of a region, particularly if it is the strong peak, can
result in an apparent change in orientation of a region, through this was not
the case in Region D9.

The decay rates of the flux regions studied ranged from -0.7 to -8 x 1015

Mx a'l, the average being -2.9 x 1015 Mx s'l

. When we compare this rate to
the rate at which flux emerges, we find that within the noise level of our

data flux disappears at the same rate as it erupts.

3.5. Lifetimes of Ephemeral Active Regicns

The lifetimes of the ephemeral regions we have studied in detail vary from
as short as 2 hours to as long as 2 days. Only 35% of the 35 emerging regions and
5% of the 29 emerging regions identified during the October 1975 and January
1976 periods, respectively, were followed through their complete lifecycle
(from their birth to their disappearance or until they were unrecognizable as
a region). The lifetimes of these regions ranged from 2 to 7 hours. The total
magnetic flux of these short-lived regions is less than 1019Hx, where the
average total flux of the regions we studied was 3.3 x 1019 Mx. For a few of
the ephemeral regions, which were decaying but did not disappear, we estimated
the lifetime by extrapolating forward the total flux curve at its rate of change
in the decaying phase. Lifetimes of 10 regions determined in this way range

from 4 to 16 hours.
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There does appear to be a rough correlation between a region's lifetime
and its maximum total magnetic flux. The smaller the total magnetic flux the
shorter the region's lifetime. Conversely, the more total magnetic flux in the
region the longer the region will remain visible. The relation between a
region's peak magnetic flux and lifetime for these sized regions is complicated,
however, by the interaction of the region with surrounding existing network
fields or by the emergence of other ephemeral regions close by. For example,
the development of Region B4 (2 October 1975) shown in Figure 3 was arrested

and, in fact, reversed coincident with the emergence of Region B3 and the

interaction with another adjacent Region D7.




4.  SUPERGRANULATION,

NETWORK FIELDS, AND EPHEMERAL ACTIVE REGIONS

4.1. The Relation of Ephemeral Regions to Supergranule Cells

In this phase of

sites of emerging and

our study we have investigated the relation between the

decaying ephemeral regions and the supergranular cell

boundaries. Bumba and Howard (1965) first noted that active regions emerged at

the vertices where two or more supergranule cells meet. This observation was

further substantiated

these studies use has

supergranular pattern.

by Bappu et al. (1968) and Bumba et al. (1968). In

been made of Ca 11 emission network to define the

The problems in defining the supergranule cell pattern using the magnetic

field pattern (and consequently the corresponding Ca II emission network) is

illustrated by Figure
magnetograms was made
from that observed on
was located in an old

magnetograms taken at

7. On each day of the October 1975 run, a sequence of

on a different area of the sun, each area quite different
the other two days. On 1 October, the area we observed
active region. As can be seen by a comparison of the

the beginning and end of the day, the magnetic field

pattern changes very little. It is possible to outline the supergranule cells

since there exists a great deal of magnetic field network structure. On the

next two diys of observation, the reliability of such a procedure drops

dramatically. On 2 October, at a location near the boundary of the old active

region observed the previous day, there is not enough network field to reliably

establish the pattern

of supergranular cells. On 3 October, at a location within

a coronal hole, the problem is hopeless. Therefore, it is necessary to determine

the supergranular cell pattern by measuring and analyzing the velocity field.

In order to determine the supergranule velocity pattern, our observations

were taken at intervals of time such that, when subsequent velocitygrams were

added together, the effects of the oscillatory velocity field would be minimized

and the supergranule velocity pattern enhanced. Our observations were also

offset from the disk center so that the horizontal velocity flow of the

supergranules could be measured. Figure 8 shows the average background velocity

pattern observed on 2

October 1975. The supergranules show a pattern of black

(velocity toward ‘he observer) in the western part of the cells and white (velocity

away from the observer) in the eastern portion of the cells. Overlaid on the

velocity picture in the lower half of Fig. 8 is the pattern of cell boundaries

we have determined using apparent motions seen when projecting the magnetic

field data as a time-lapse film. The locations of region emergence are indicated
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2 OCTOBER

Fig. 8. Left: two magnetograms taken near the beginning and end of observing on

2 October 1975. Solid arrows indicate expanding magnetic cells. Dashed arrows
indicate focal points of inflowing flux elements. Right: top picture is the average
of velocity data over a 4 hour period (1554-2001). The deduced supergranule boundaries
are shown superimposed. Bottom picture shows a composite of the deduced supergranule
boundaries and the locations of emerging regions ([C]) and decaying regions (A).
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by squsares and region decay by triangles. Two magnetograms taken at the beginning

and at the end of our observations ere also shown.

It ie apparent from Figure 8 that almost all of the emerging and decaying
bipolar regions occur at or near the boundaries of supergranule velocity cells.
The regions emerged with fairly random orientations relative to the boundary
of supergranules. As the regions expanded, the motions of the region's poles
was invariably along the supergranular boundary. This sometimes resulted in
significant changes in the orientation of the region, as for example in Region
B5 (Figure 3). It emerged at a boundary with an initial orientation of about
60° to the supergranule boundary. Over a period of 2 hours the region rotated
in a counterclockwise direction until the region was aligned along the
supergranule boundary.

Although elements of the magnetic network may be altered by the emergence
of ephemeral regions and conversely, we have not yet seen evidence that the
supergrenule velocity pattern changed due to the eruption of the small bipolar
regions. The supergranule cells deduced from velocity pictures taken at the
beginnirg and at the end of our observations show roughly the same distribution
over the area observed. However, Worden (1975) has observed changes in the

velocity flow with the emergence of new flux.

4.2. Motions associated with Magnetic Network

The velocities observed at the location of network fields was consistently
downward in accord with the results of Tanenbaum et al. (1969), Frazier (1970),
Musman and Rust (1970), Deubner (1971) and Worden (1975). The notions of the
network {ields and of the regions (when occurring) were consistent with the
deduced cupergranular velocity cell flow. These motions were either along the
cell boundaries or towards the boundary. In addition to ephemeral region
expansion along supergranule boundaries, there were instances of network field
similarly moving. For example, patches of field of both polarities were seen
to move from the west into the strong network (white) structure located at the
western edge of the magnetograms (Figures 3 and 8). The path followed by the
moving network appears to be along a supergranule cell boundary.

The best examples of the effect of supergranule cell motion on the magnetic

network motion towards a cell boundary are the expanding magnetic cells

indicated by arrows in Figure 8 (see also Figure 3). However, only one expanding

network cell, located in the NW corner of the magnetograms, showed a corresponding
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velocity cell. The supergranular velocity cell was larger than the magnetic

network cell and only showed up on the 4 hour composite velocity picture shown

in Figure 8. The speeds of individual flux elements ranged from 0.3 to 0.5

km s-l, consistent with observed horizontal velocities in supergranules. The

other expanding magnetic cell showed no corresponding velocity cell. It was,

in fact, centered on the boundary between two supergranule cells. The velocities

of flux elements in this magnetic cell also measured between 0.3 and 0.5 km a'l.
One other interesting feature found in these data was the motion of flux

elements of both polarities from all directions into a small area. The 'two

such areas found in the 2 October 1975 data are indicated by dashed arrows on

Figure 8. This phenomenon continued throughout a day's observation. Flux was

not observed to accumulate at the focal point of the moving flux; rather we saw

the disappearance of flux elements at these locations. In each instance the

focal point of the inflowing flux elements was located at the junction of at

least 3 supergranules. ;

4.3, Discussion

It now appears that the principal difference between the bipolar regions

we have studied and the larger active regions is the total amount of flux

available to the region during its development and the subsequent modification,

i o

if any, to the supergranulation velocity pattern. Active Regions can be divided
into 3 broad groups distinguished by their size relative to supergranulation cells.
Most of the regions we have studied are less than 20,000 km at maximum development,
that is, smaller than the surrounding supergranular cells. Their total fluxes

20

are less than 10”7 Mx; their lifetimes are 2-16 hours long. These regions do

not appear to alter the existing supergranulation velocity cells. The next

larger regions have fluxes in excess of 1020 Mx, extend over 30,000 to 40,000 km
(comparable to the size of supergranules) and have lifetimes of 1-4 days.

These regions appear to occupy a supergranule cell and have lifetimes comparable
to the lifetime of a supergranule of 36 :;g hours (Worden, 1975). The largest
Active Regions typically have total fluxes of about 2 x IO22 Mx (Sheeley, 1966),
span over many supergranule cells and have lifetimes from several days to

several weeks. These regions very likely modify the pre-existing supergranulation
velocity pattern. These divisions, although convenient in describing regions,

are arbitrary since the sizes and lifetimes of active regions form a continuous

spectrum from the largest and longest lived to the smallest and shortest lived.
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5. CCNCLUSIONS

Tc date our study has yielded the following results:

(1) The birth and decay of ephemeral active regions is a frequent
occurrence. As many as 300 regions were estimated to form per hour in the
sunspot zone (N30 to $30) during the solar minimum.

(2) Ephemeral active regions appear to alter the details of the existing
network fields by moving network flux elements, adding to the network flux, and
dissipating the network flux (and consequently, some of the region flux).

(3) The rate of flux increase (3.4 x 102> Mx s~1) ts comparable to the

T Mx s-l) in these small bipolar regions.

rate of flux decrease (-2.9 x 10

(4) Ephemeral active regions appear and disappear near the boundaries of
the supergranule velocity cells, but they do not appear to modify the velocity
pattern. Motions of ephemeral region components were observed parallel to the
cell boundaries.

(5) Ephemeral region decay was complicated process, being strongly influenced
by the neighboring network fields. The decay of regions appeared to result from
the expansion into and absorption by network field, the emergence of a new
ephemeral region in close proximity, the flow of network flux into the region,
or by the merging and disappearance of small elements of opposite polarity.

(6) In time-lapse projection of our magnetic field data, we have observed
expandinz cells of network fields, junctures at network cell boundaries where
fields d.sappear, and apparent motion of weak intercellular fields toward network

cell boundaries.

6. RECCMMENDATIONS FOR FUTURE WORK

The speculation that the difference between small bipolar regions and the
large active regions is in the amount of flux available to a region during its
growth should be verified or negated by future observations of the birth of
large regions.

High resolution observations in the polar regions and sunspot zones would
be of value in determining the rate of formation of ephemeral active regions as
a function of latitude. In addition, higher sensitivity magnetic field
observations than used for this study are needed to better define the spectrum

of active regions and the space occupied by them in the solar atmosphere.
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