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Abstract

Intense geomagnetic storms (1).st < - 100 n2’) have been associated with irlterpJarl-
etar.y  structures involving large-intensity (l;, > 10 n2’) and long-duration (21’ > 3 hours)
values  of the southward component of the IM1’. Wc S)JOW that near solar maximum, the
solar origin of such structures sccn]s  tc~ bc associated with active regions (flares and/
or filament eruptions) occurring CICJSC to the sireamcr belt and to growing low-latitude
coronal holes. It is also  shown that such type of coronal holes, had a dual-peak solar
cycle distribution during solar cycle 21, similar to that previously reported for the above
mentioned interplanetary and geomagnetic phenorncna.

1. Introduction. Although there has been considerable amount of work published
abc]ut  the general role of solar  Corc)nal Mass Ejections (CM F,) in the development of
interplanetary and geonlagnctic activity [e.g. Sheclcy  et al., 1985; Gosling et al., 1991],
very little in formatiorl exists about the spcciflc  nature of the CMF,S involved in such a
solar- interplanetary-geomagnetic couplirlg  [e.g. l)rycr, 1994].

It is the purpose of this letter to cxarninc some new solar aspects of this coupling
for the 10 intense geon,agnctic stoIm cvellts  that occurred in the interval of August
1978 -I)ccembcr 1979, a,s studied initially by Gonzalez and Tsurutani  [198’7]; ‘1’surutani
et al. [1988]; Tang et al. [1989]  and Gonzalez et al. [1989].

2. Solar features of the 1978- 1$)79 events . During the interval of August 16,
1978, and December 28, 1979, ten intense lnagnctic storms (l)st s 100 nl’) were associ-
ated by Gonzalez and Tsurutani  [] 987] with interplanetary structures having southward
magnetic fields of large amplitude (1;,  > 10 n’J’) and long duration (T > 3 hours). For
this study, these authors used continuous plasma and magnetic field data collected by
the ISEE-3 satellite at its halo orbit around the L] Lagrangian point of the sun-earth
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system. Later, ‘1’surutani et al, [1988] studied in more detail the
planetary structures, from which about half were found to bc of
and half of the sheath fiekl  type.

Subsequently, with the interest of learning where at the sun

types of these inter-
the d~iver gas t y p e

and to what type of
solar phenomena these interpla~letary structures could  bc associated with, Tang et al.

[1989]  reported a list of possible solar sources involving flare or prominence eruption
candidates, which could  have occurred about 2 to 4 days prior to the geomagnetic storm
onset. The flares ranged from MI to X2 in peak soft X-ray emissions. IIowcver,  the
largest of the ten storms (l)st x - 200 nl) as well as the strongest shocks (magnctosonic
Mach Number > 3.o) were associated with promincr,ce eruptions.

Clearly we realize that the flares ar, d/or promir,ence eruptions are not causing
CMES,  but that some phenomena at the surl are causing both and we can use the solar
events as a marker for when and  ro[lgllly  where the CME was released. We :LISO realize
that flares gerlerally  occur at orlc footpoirlt of the CME and that the actual locatioxl
of the center of the C~MF; is unkrlowrl,  bllt we can say we know the general location of
the CME. With respect to the corltrovcrsy  on the role of flares/filarnerlt eruptions and
CMES [e.g. Miller, 1995] our positior,  assumes that some solar condition lcacls to both,
the flares and the CMES.  C)ne does not “cause?’ the other, but both are “caused” by
the same phenomenon.

In this paper we try to study solar  phenomena, which together with tha,t  reported
by Tang et al. [1989] nlay  help  us to l)cttcr urlderstand the solar  source of the intense
interplanetary and georrlagrletic  activity duriIlg  the 19’78-19’79 interval. 111 addition to
the active  region  informatio n provided by l’arlg  et al. [1 989], and recently comp]crnented
by the work by Hravo  and ~ivera [1 994], We have studied the location and dynanlics
of  low-lat i tude cororlal  holes  and of the hcliospheric Currcrlt  sheet at its solar base.
The location of coronal holes were studied following the works by Ilcwish  and Bravo
[1986]  and by Gonzalez and l’surutani  ~1994], and updated with revised data published
by the NoAA-Boulder Solar  Geophysical ccrlter, usirlg  }1= synoptic charts as well as

IIel observations. The location of the current sheet was obtained from Ho synoptic
charts [McIntosh et al., 1991 ] and supplemented by the Stanford maps [lIoekscma and
Schcrrer,  1986]. It is important to rrlentiorl  that a better quality and more complete
information about }la and He] observations is available only from Carringtc)n  rotation
1678 onwards [McIntosh et al., 1991].

Figure 1 shows, in Carringtorl rotation plots, the relationship between coronal holes,
active regions (flares and/or prornincncc eruptions) and the current sheet (CIIARCS)
for the ten events durir,g  the 1978-1979 interval of study. Among the lc~w-latitude
coronal holes present in each rotation, those nearby the active regions are indicated
by hatching, the current sheet section rlearby  them is irldicated by a dashed curve and
the active regions are marked by arl X if they arc flares or by a dotted line if they are
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prominence eruptions. In each Barrington rotation the small vertical arrow at the top
indicates Central Meridian at the time of the active region onset. Note that during this
(maximum) phase of the solar cycle the current sheet is highly inclined at low latitudes,
as one can see in the sections plotted for these events.

The most important aspect of Fig,ure I is the co-existence of three closely spaced
phcnorncna: low latitude coronal holes, active regions and the current sheet, as a corrl-
bined solar source for the ensuing solar,  interplanetary and geomagnetic active events.
We have not examined this relationship, for other time intervals yet. IIowever,  the fact
that this CHARCS association exists for practically each of the ten events of the 1978-
1979 interval is, in our opinion, quite interesting and may lead to greater understanding
of the release rnechanisrn(s).

In Figure 1, events 1,3 and 8 have, as active regions, prominence eruptions only;
events 2, 4, 6, 7 and 10 have flares only; whereas everlts  5 and 9 have both, f lares
and prominence eruptions. In event 3, besides the CIIARCS association indicated at
the northern hcrrlisphere,  there is another possible CIIARCS candidate at the southern
hernispherc. Among the CIIARCS candidates only the one for event 5 is in question
duc to the poor information existent iTl this case, both for the prominence eruption as
well as for the coronal hole.

It is important to note that for son,e  of the events (1, 4, 8, 9 and 10), the coronal hole
appears bounded by the current sheet from  both sides and that for these events there is
a tendency for recurrent CHARCS, for at least two consecutive solar rotations. Other
interesting features in Figure I are that the solar CIIARCS events occurred rrlostly  at
low latitudes and near central rr,eridiaT,.  We leave for the discussion section the possible
gco-effective importance of these chara,ctcristics of the CIIARCS,

About the temporal evolution of the coronal holes we have noted that this type of
coronal holes seem to change their area very fast prior to and in association with the
active region event. Within the l~el daily data! scarcely available for the interval of our
study, we have noted that the area of the hole tends to grow towards the active region
from where the CME probably originated. For instance, Figure 2 shows the evolution of
the coronal hole for event 9 of Figure 1, IIarnely  prior to the active region manifestation
of August 26, 1979. At the top of l’igure  2 wc show the IIa synoptic chart for the
Barrington rotation 1685 where the positive and negative photospheric  magnetic field
polarities are indicated together with the coronal hole (CI1)  regions. AR stands for
active region, in this case associated w~itll the flare  indicated by an X-mark in the event
9 of Figure 1. At the bottom of Figure 2, we show the evolution of the coronal hole for
about 3 to 2 days (above) and I day (below) before the active region event. The coronal
hole is identified as a white area surrounded by a black curve whereas the active region
at the left of the coronal hole can be seen as a dark region, becoming more intense and
closer to the growing coronal hole about a day before the flare event. In these Hel
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pictures one can also notice at the right of the figure a dark and sharp elongated region
which is the filament indicated in event 9 of Figure 1. It is interesting to see the

~argc change (growth) of the coronal hc,lc prior to the date of the active region event.
Unfortunately there was no coronal hole data for the sarnc  day of the event. This same
lack of data, right at the tirrle of the active region event, also occurred with other cases
of our interval of study. lIowever  for case 4, the largest growth in the coronal hole area
occurred on the same day of the active region event (although for this case the coronal
hole and magnetic polarity data were x,ot processed as clearly as for case 9, shown in
Figure 2).

3. Solar cyc]c variability of  low-latitude corona]  ho]es.  Gonzalez  et al. [1990]
have studied the solar-cycle variability c~f intense geomagnetic storms (Dst <-100  nT)
as well as of interplanetary B, events of large intensity (> 10 nl’) and lorlg duration (> 3
hours), both for solar cycle 21. They showed that both distributions have a dual-peak,
the less intense one occurring about a year before solar maximum (sunspot number),
and the more pronounced one occurri!lg  2 to 3 years after maxirnurn.

Figure 3 shows the solar cycle distribution, for the same cycle 21, of the number of
low latitude coronal holes (within +30° of the equator) according to f{el observations.
It is interesting to note that this distributioll  is also of a dual peak type, with the peaks
corresponding to those reported by Gollzalez  et al. [1990].

4. I)iscussion.  As presented in Section 2, a clear CIIARCS association exists for 9 of
the 10 intense storms of the 1978- ] 979 irlterval.  If we a5.$LIrIlc  that this assc, ciation is
not coincidental, we need to look into its possible physical rrleaning  and implications.

‘I’he association of active regions (AR.) with the current sheet (CS)  is perhaps the
most straightforward to explain at the rnomexlt,  since they form the basic ingredients
of the widely discussed coronal lnass  ejection (C ME)  phenorrlena  [e.g. IIildncr, 197’(;
Kalher,  1987; Webb, 1991; Hundhaussenj  1993]. The current sheet is the main site of
the helmet streamers, which can lead to (JMEs  with related flaring and/or pronlincnce
eruptions [e.g. I,ow,  1993]. Thus it is Ilatural to expect, as seen in Figure 2, that the
observed active regions are practically lying on the current sheet demarcation (dashed
line).

Since it is known that CMES are associated with enhanced intervals of interplane-
tary and geomagnetic activity [e.g. Gosling, 1991], what the information presented in
Figure 1 could be showing us is that CMES rlecd to occur close to low-latitude coronal
holes in order to lead, as a combined solar source (CIIARCS),  to more intc~ inter-—.——
planetary and geomagnetic activity. In other words, CIIARCS could be regarded as a
highly gee-effective class of CMES.
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If this hypothesis becomes substarltiated  by a larger data base study similar to the
presented one, the C1l ARCS  association can  become an important observational tool
to help us predict the occurrence Of ixiterlse geonlagnctic activity. At the moment there
are sc)rne preliminary ideas about the possible role of coronal holes in the gee-effective
character of the CIIARCS association:

1.

2.

3.

Since  the coronal holes involved ill the ten storm events of the 1978- 1979 interval
occurred mostly near central meridialI  and at fairly low-latitudes, the interplane-
tary open magnetic field lirles rooted irl such corona]  holes  could serve as effective
transmission lines between the SUIi and the earth for the propagation of the ejected
material and of its effective arrival to earth.

The different open rrlagnetic  topology of cororlal  holes rlearby  that of a closed helmet
streamer base could help to destabilize the currerlt sheet and the nearby potential
active regions [Low, private conlnlunication, 1993; and I,ow, 1993]. P’urther  this
combined open-closed topology r!lay be considered as an ideal one from an ener-
getic point of view as far as the overall energy release is concerned [I)riest,  private
communication 1992].

l’surutani  and Gonzalez [1987] and Gonzalez and ‘J’surutani  [1995] have discussed
the gee-effective importance of large anlplitude, interplanetary Alfv&n waves in
leading to enhanced geomagnetic activity and in some cases to intense geomagnetic
storms, as the ones involved in the 1978-1979 irlterval of our present discussion.
Since these Alfvenic  fluctuations are knowrl  to be origirlated mainly at the coronal
holes [e.g. IIollweg,  1978; Tsurutar,i et al., 1994], the Alfvenic  solar wind rooted at
the CHARCS coronal holes can irl several  instances serve as a seed for the formation
of intense southward fields [Gorlzale~ et al., 1995].

IIowever  frorrl the overall bcllavior of the CIIARCS,  as learlled from Figures 1 and
2, one could also suggest the following points:

(a)

(b)

(c)

The coronal hole tends to grow ill area with the release of a CME  at the helmet
streamer, namely more closed field lines become open,

The coronal hole can persist for n]ore  than a solar rotation (as in events 1 and 2,
4 and 6, and 9 and 10) and re-activate the CIIARCS behavior.

‘This type of low-latitude holes  could  have irlitially originated from a CME release
(opening of closed field lines at a belrnct streamer) arid evolved through further
CME releases, not necessarily beirlg  all gee-effective due to several possible limita-
tions, such as low speeds and large distances from central meridian. In fact the other
(not hatched) coronal holes shown in Figure 1 may have not been geo-efl’ective  due
to those (or other as yet unknown) limitations. However the CHAR. CS-holes  could
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have also originated from detachrllellts or extensions of larger high-latitude holes
[McIntosh, 1993]. SOn].e  evidence  of this latter possibility can be observed  in events
3, 4, 6, 8 and 9, the latter evolving to an attachment again with a high-latitude
hole, as observed in event 10.

( d )  Fir,ally,  asobserved inevents l,4)8,9and  10, partofthe  geo-effcctive  c h a r a c t e r
of the CHARCS could be due to t}le behavior of the hole when it appears bounded
by helmet streamers at both sides (enhancing perhaps in this situation a pressure
influence by the hole-open fields on the helmet-streamer closed fields towards a
destabilization at the latter and a consequent ChlE release). It is interesting to
note that these events seem to also show a recurrent behavior, namely the CIIARCS
recurring at least during two consecutive solar rotations.

It is also important to point out that the opening of helmet-strearner closed field
lines by a CME, enlarging the area of the nearby hole in a CHARCS  configuration, could
involve a large velocity jump from typical low helmet streamer speeds (around 350 Krrl/s
or so) to much higher coronal hole speeds (around or larger than 700 Km/s), which could
lead to a formation of a fast forward shock  leading the ejected plasma. This appears
to be in accord, at least partially, with the claiming by Hewish and Bravo  [1 986] and
Bravo  [1995] that coronal holes are the sources of interplanetary shocks during transient
solar phenomena, such as those studied in this article.

Since the CIIAR.CS  relationship study of Section 2 involves only the interval of
1978--1979, the information given in Figure 3 can be regarded as a possible confirmat-
ion during a longer time interval about the importance of the role of low latitude
coronal holes in the solar origin of trarisient irlterplanetary and geomagnetic enhanced
activity. It is interesting to point out that the coronal hole distribution of this figure
shows a similar dual-peak as those show n by the intense interplanetary and geomagn-
etic disturbances reported by Gonzalez  et al. [] 99o] for solar cycle 21. Since  the solar
cycle distribution of CMES is knowrl tc, follow that of the sunspot number [e.g. IIildner,
1997; Webb, 1991],  we do not know at the n,oment if the presence of coronal holes in
the CHAR.CS  make the CMES geo-eflcctive  for the development of intense storms, or
if some, as yet, unknown class  of geo-eflcctive  CM13S, not necessarily involving coronal
holes, could also lead to the developxllent  of intense interplanetary and geomagnetic
events, showing a dual-peak solar cycle distribution as well.
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F’igure  Captions

17igure  1. Barrington rotation ma s of CHARCS  for the ten events of the 1978-1979
$’interval. Solar active regions are in icated  with x marks for flares and dotted lines for

prominence eruption. The nearbY  current sheet section(s) are indicated with a dashed
c u r v e  a n d  t h e  ncarb coronal  hole  is in(~icated  with  hatchirlg.  ‘J’he small arrow at the

d“top of each map in icates Central Meridian at the orlset  time of the observed active
region event.

Figure 2a. J]m synoptic chart for Barrington rotation 1685, involving event number
9. The white (gray) areas have positive (negative) nlagnctic polarities and the darker
regions show coronal holes. ~’he active region of this event is also indicated as AR
nearby the coronal hole (C II) at about 10° N latitude.

JPigure  2b. f~e] pictures of the evolving coronal hole for event nun~ber  9, shown
as white areas (surrounded by a black curve) for about 3 to 2 days (top) and 1 day
(bottom)  prior to the active region onset on day August 26,1979. The large dark area
nearby the coronal hole is the active region whereas the dark elongated feature at the
other side of the corona] hole is the filan,ent (i:ldicated also in Figure 1 for this event).

Figure 3. Yearly  number of low latitude (within :130°)  coronal holes for solar cycle
21 together with the srnoothcd sunspot r,urrlber  curve.
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CORONAL HOLE-ACTIVE REGION -CURRENT SHEET (CHARCS)

ASSOCIATION AT SOLAR MAXIMUM
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