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ABSTRACT

Thirty eight cases of sector boundary passages of the heliospheric current sheet
by the earth have been compiled by the interplanetary magnetic field data which have
been collected by the ISEE-3 spacecraft.

The analysis of these data has shown that the (+, —) sector boundaries within the
sclar rotation have almost the same distribution with those collected in the maxima of
the solar cycles No. 18, 19, 20. In contrast, the frequency distributions of the (—, +) sector
boundaries collected during the last and the previous solar maxima are quite different.

The particular behaviour of the (—, +) sector boundaries in the last solar maximum
epoch in relation to the previous maxima imply a longitudinal relocation of the heliospheric
Current Sheet.

This effect has been probably induced by a solar activity reorganization which
has been determined to take place in each 22-year solar cycle.

1. INTRODUCTION

The sector structure of the interplanetary magnetic field (IMF) is pro-
bably one of the most impressive discoveries of the satellite era. Nowadays
it is widely admitted that the sector structure of the IMF is formulated by

* B, II. TPITAKH xal E. MAYPOMIXAAAKH, °‘Optaxég émipdveleg tod MAtoc@ai-
putod pevpuTtopAolod xatd THY Sidpxela Tod Tedevtaiov wéylotov Tig MAlaxiig Spa-
otnpLétnros (1979-1980).
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a large-scale heliospheric current sheet (HCS), similar to a thick tangential
discontinuity, which stays quasi-sinusoidally on both sides of the solar equ-
ator and corotates with the sun separating in this way the interplanetary
medium in 2-4 sectors. The IMF direction within each sector is uniqly «away»
from or «toward« to the sun while in successive sectors the field direction is
opposite (Schultz, 1973; Wilcox et al. 1980a).

Intersections of the HCS with the earth’s orbit on the ecliptic plane,
which have been detected as abrupt changes of the IMF direction by 1800
have been referred to as sector boundaries. Systematic investigation of the
last twenty years have pointed out that sector boundaries of the HCS play
an important role in geosciences and space physics because they have been
found to correlate with several solar, interplanetary and atmospheric pheno-
mena. At the beginning, the sclar activity seems to control significantly the
number of boundaries they appear per solar rotation as well as certain days
of the rotation where the boundaries mainly prefer to cccur.

A detailed analysis of observed and high-accuracy inferred IMF data
covering the period 1957-1975 (cycles No. 19-20) have pointed out that a
two-sector structure is prominent during the extrema of the solar cycles but
a four-sector structure predominates during the intermediate years, espe-
cially in the descending branch of each 11-year cycle. In addition, sector
boundaries seem to occur in selected days of the solar rotation. Actually in
the epoches of the extrema (4-, —) boundaries, namely boundaries where the
IMF direction is away from and towaid to the sun in front and behind of it
respectively, occur mainly around the 11th day of the solar rotation while
(—,+) boundaries prefer to concentrate in the two edges of the rotation. In
contrast sector boundary occurences during the descending branch of the
solar cycle is a rather complicated case though an average four sector stru-
cture is finally formed (Tritakis, 1979; Balthasar and Schiissler, 1983).

Relationships between sector boundaries and solar flares have been
reported by Dittmer (1975) and Henning et al. (1985) while a close relation
with the green coronal line intensity has been described by Antonucei (1974).
Indications for sector boundary relations with atmospheric parameters have
been mentioned by Shapiro (1976), Wilcox (1980b) and Tritakis (1984a)
while Akasofu (1981) has described the coexistance of the HCS passage with
major geomagnetic storms. Finally significant indications that the HCS af-
fects seriously the low energy particles propagation in the interplanetary me-
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dium have been 8lso announced (Svestka, 1968; Tritakis, 1984b).

It is evident that the various correlations between sector boundaries
and a great number of solar, interplanetary and atmospheric parameters
underline the great importance of the whole HCS pattern for the geosciences
and the space physics. Therefore the main intention of this report is to em-
phasize that the heliospheric current sheet behaviour during the last solar
maximum is compatible to that of previous solar maxima. In addition we
have the chance to elongate the sector boundary list with additional well
defined cases contributing in this way to a more detailed study of the rela-
tions between the IMF and various geophysical phenomena.

2. DATA REDUCTION

Sector boundaries of the HCS have been detected by the data which
have been collected by the ISEE-3 spacecraft from September 1978 to Ja-
nuary 1980. This spacecraft was launched in August 1978 into a so far halo
orbit around the so-called Langrange or libration point (L1) between the sun
and the earth where the heliocentric motion of the spacecraft remains in
dynamic equilibrium with the gravitational forces of the sun and the earth.
In any case the spacecraft stays in front of the earth towards the sun which
is an excellent position for observing travelling interplanetry phenomena in
response to various events of the terrestrial environment.

Sector boundary passages of the HCS by the earth are mainly mani-
fested by abrupt or gradual changes depending on the thickness of the bou-
ndary and the HCS inclination to the ecliptic of the longitudinal angle of the
magnetic field vector by 180°. All measurements are referred to the ortho-
gonal earth-centered GSE coordinates system that has its x-axis towards
the Sun the z-axis towards the North ecliptic pole and the y-axis completes
a right-handed system.

The predominant longitudinal angle of the magnetic field vector within
positive or «away» and negative or «toward» magnetic sectors for the time
under consideration was about 300° and 120° respectively.

The first Atlas of interplanetary sector structure has been edited by
Svalgaard (1976) who has also introduced the basic rules of data reduction.
According to his techniques he was starting by determing or inferring the
sector polarity of each day. Field reversals manifested by a sector polarity
change were classified as sector boundaries when the sector polarity was the
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same for at least four days before the reverssl and it was remaining reversed
for four days after the reversal. Large scale sector structure and finer scale
filaments and reversals could be distinguished by this technique. Since a se-
ctor boundary occurence was detected on the basis of a daily IMF polarity
determination it was obvious that the exact time of a boundary passage
was undefinable. Moreover the use of data from deep space probes introduced
errors in the definition of the day of a boundary passage. The reason was that
data collected by deep space probes far from the earth should be corrected
by timing so that to correspond to near-earth observations. This transforma-
tion has been made under the assumption that the solar wind velocity is
uniform and radial fact which is rarely valid.

In our case, the ISEE-3 position on the Sun-earth line implies that a
timing correction of the data is not necessary while sector boundaries dete-
ction at near-earth conditions is easy and trustful.

From detailed measurements of the IMF parameters, especially longi-
tudinal and elevation angles of the IMF vector, for the last 140 days of 1978
(No, of day 226-365). We have tabulated fourteen sector boundary cases.
On the other hand twenty four more cases have been collected for 1979 (table
I). The nature of the IMF reversals which have been detected to connect with
sector boundary passings vary greatly from one reversal to the next. In some
cases a field reversal takes place within a minute whereas at other times the
field direction changes gradually or in a turbulent way over many hours.

In our effort to define the time of a sector boundary passage we have
entered in table I the universal time when the field reversal manifested by
a 180° change of the longitudinal angle took place with a half an hour appro-
ximation. When the IMF is turbulent and the field reversal takes time the
passing time entered in the table I expresses the gradual commencement
of the field reversal.
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TABLE I
Sector Boundary passages of the IMF from September 1978 to the end of 1979.
DAY BARTELS APPROX SIGN.
NO. DAY NO. TIME U.T.

1978 226 27 20 +/—
237 11 12 & e
255 2 20 + /—
264 11 12 — ]
267 14 16 ek
270 17 16 e X%
282 2 21 T S
292 12 02 L
311 4 20 Fefo
318 11 12 Sy e
328 21 20 o
337 3 02 +/—
349 15 02 B e
362 1 02 + /—

1979 12 16 22 S

2% 1 23 EE

42 19 04 witf g

54 4 14.30 Join

69 19 23 —f e

82 5 08 X%

99 22 12 B
111 7 20 ¥ A
125 21 16 s e
138 7 09 i
157 26 10 el
166 8 07 o fo
184 26 04 = =
193 8 02 Ty
210 25 08 S
222 10 19 £ 553
237 25 21 s e
251 12 20 .
264 25 03 ]
277 11 10 S &=
280 14 20 et o
286 20 03 +[—
293 27 05 o i
336 16 16 Fs

Data gaps exist between the days No. 305-330 and 337-365 of 1979.
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3. DISCUSSION

The entries of the table I concern to thirty eight sector boundary cases
detected during 505 days of observations near the last solar maximum, na-
mely from the day No. 226 of 1978 to the day No. 365 of 1979. Since the time
of observation consists of 505:27~18,7 Bartels rotations, there is an average
of 38 sect. bound.: 18,7 Bart. rot.=~2 sec. bound /Bart. rot. which confirms
previous conclusions that during the solar maxima a two-sector pattern pre-
dominates (Tritakis, 1979).

In the figure 1 the frequency distribution of the (+,—) and the (—,+)
sector boundaries within various Bartels days is depicted. From this histo-
gram it is evident some preference of the sector boundaries to occur in certain
days of the Bartels rotation. Actually the highest peaks of the (4+,—) boundary
cases occur during the 11th and the 25th Bartels days (figure 1, low panel)
whereas the most of the (—, +) boundary cases are concentrated between the
st and the 8th Bartels days (figure 1, upper panel).

The particular behaviour of the sector boundaries to occur within sele-
ctive days of the solar rotation formulating two sector structures has been also
detected during the solar maxima of all the previous solar cycles where valid
IMF data are available.

In the figure 2 we have presented the frequency distribution of sector
boundary cases which have been occured during the maxima of the cycles
No. 18, 19, 20, High and statistically significant peaks of (4+,—) and (—, +)
boundary cases are obvious in the 11th and 27th Bartels days of the low pane]
and around the 20th day of the upper panel, respectively.

Similar conclusions have been also derived from inferred IMF data which
have been compiled during the solar cycles No. 16-17. Althought the quality
of these data is rather low we could risk the implication that sector boundary
occurences within selective Bartels days is consistent to a systematic pheno-
menon which extends over several solar cycles (Xanthakis et al. 1981).

From the figures 1 and 2 it is clear that the (+,—) boundary cases of
the last solar maximum (figure 1, low panel) show the same more or less be-
haviour with the (4, —) boundaries they occured in the maxima of the three
previous solar cycles (figure 2, low panel). In both cases the boundaries pre-
fer to occur mainly during the 11th and between 25th-27th Bartels days.
This is a strong evidence that both the (4-,—) boundaries detected by the
ISEE-3 spacecraft during the last solar maximum and those detected during
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the maxima of the cycles No. 18-20 belong to the same statistical popula-
tion of data.

On the other hand a significant change of the (—, +) boundaries beha-
viour in the last solar maximum is evident in the figures 1 and 2. These bou-
ndaries during the maxima of the cycles No. 18-20 have preferred to occur
mainly around the 20th Bartels day but during the last solar maximum this
peak has shifted to the beginning of the solar rotation especially in the days
{e.g8 4% Th.gh

This particular distribution of the (—,+) boundaries during the last
solar maximum implies a longitudinal relocation of the HCS which could
be irterpreted by a solar activity redistribution between the solar hemis-
pheres. Actually a solar activity transfer from the Northwest to the Southwest
solar quarter has been detected since 1972 where a polarity inversion of the
solar magnetic field took place and a new 22-year solar magnetic cycle
started (Tritakis et al. 1986).

The establishment of the highest solar activity in the Southwest solar
quarter during the current 22-year cycle (1971-1993) perhaps relates to the
(—,+) boundary longitudinal relocation expressed by the shifting of the peak
of the (—,+) cases from the end to the beginning of the solar rotation. In
essence, the tendency of the sector boundaries to occur within selective days
of the solar rotation implies a close correspondance between boundaries and
«ctive» solar longitudes on which these boundaries are firmly rooted. In this
case we can not talk about recurrency but about a kind of «olar memory»
for preferred longitudes of activity extending probably over two 11-year cy-
cles or one magnetic 22-year cycle (Balthasar and Schiissler, 1983).

The undoubtful effect of sector boundary occurences namely HCS
passages by the earth, in certain Bartels days deserves a further and detailed
Study because it can lead to significant conclusions about the HCS confi-
guration as well as to relations between the IMF and several geophysical
phenomena.
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APPENDIX

The statistical significance of predominant distribution peaks has
been extensively discussed in the section 4 of a previous paper (Tritakis,
1984). According to that analysis prominent distribution peaks which do not
relate to any known physical mechanism must be checked under a more
stringent criterion than a 2 or 3 sigma deviation. First, we assume as a mulb
hypothesis continuum the mean p. given by the relation

p=N.p 1)
Where N is the sample size and p the probability of a certain case occuring
in a specific bin.

The statictic associated with each bin of a distribution, on the basis
of which the statistical significance of the deviation of a peak from the wnully
continuum can be determined, is the ratio of the magnitude of the peak
under consideration to the continuum. This ratio has been found to follow an

12
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x2 v distribution, where V-the degrees of freedom of each bin given by the

relation

_ 2N-m/2
Sachi ™ (2)

Where m is the maximum lag in time units.

Vv

In case we want to test the significance of a prominent distribution
peak at a 95%, confidence limit, we check the ratio of the maximum peak to
the continuum peak /cont. against a percentage against a percentage point
of the x?/v distribution, that is appropriately higher than the 959 confi-
dence limit. If the desired percentage point for the test is Pt, then the appro-
priate percentage point Pd of the x2/v distribution is given approximately
by the relation

__ 100m +-Pt
- )

Thus, when we want to test the peaks of the figure 2 for Pt=959, our

peaks must satisfy the Pd confidence limit in the x2/v distribution which
in our case is

27 x100+95

o 28

—99,829

The results of this test applied for the prominent peaks of the figure 2 have
been tabulated in table IL.
From this table it is clear that

Peak x2
Cont. — v

namely, both of the prominent peaks of the figure 2 are statistically signi-
icant, at least at a 0.05 confidence level.

TABLE II
Statistics evaluating the distribution peaks of the figure 2.

Peak
Figure 2 N ® v x2 /v Cont.
Low Panel 92 3.4 6,3 34 3,24

|
Upper Panel 97 3,6 6,7 ! 2,76 2,78
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Figure 1. Frequency distribution within Bartels rotation of the (4, —) (low panel) and the
(—, +) (upper panel) sector boundary passages detected by the ISEE-3 spacecraft from
September 1978 to the end of 1979.
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Figure 2. Frequency distribution within Bartels rotation of the (4, —) (low panel) and the
—,+) (upper panel) sector boundary passages detected in the epoches of maxima of the
solar cycles No. 18-20 (1944-1976). The statistical confidence levels 0.05 (20) and 0.01 (30)

have been defined in both panels of this figure.
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IIEPIAHYH

‘Opraxég émipdveteg To0 HALoo@alpixod pevpatopAotod xatd v Stdpxeta
Tob teAevtalov péylotov Tiig HAlaxiic SpactnpeiétnTos (1979-1980).

Sty pehétn adth mapovordloviar TpLdvTa dyTR TEPLTTMGELS Optaxdy &mi-
paveldy Tl MAlocpaLpikol pevpaTopAotol Ted dvixvedTnxav &md TOv Sopupdpo
ISEE-3 oo ompeio Langange L1, 3nAady 016 onuelo iooppormiag perad #HAtov-
Yig, &md Tov ZemréuPpro 1978 Ewg xal tév *Iavovdpro 1980.

‘H perérn t6v mapatnphicewny adtdv Edeife i ol dpraxds mipdvees (—4+)
Eyovv Ty Tdov V& TapovardovTal xata Tig Tpdites Hiwépes Tiig HaxTg TEpLoTPOPTS
Bartels, &v& ol 6puaxts Empaveies (+,—) mapovordlovrar ot émkeypéves Huépeg
e Hhaxiic mepoTpoiic Srws # 11y, N 197 xal % 25-26. *Emiwhéov ¥ xatavops
ovyvéTyTos TGV Opraxdv Emipaveldv (4,—) elvar mepimov Bpota pé éxstvy mod
mapatneNinxe otig Emoyds TéV peylotey T@v Hhaxdv xixhwv No. 18,19, 20, &vé
N xatavopd) cvyvértnres T@V Emipaverdv (—,+) Suxpépet onuavtixd Exelvng TGV
peylotey T@v TponyouuéveY XHXAWY.

‘H 1816ppulun adti cvpmeprpopa TV Oprandy Emipaveldy (— ) mod mapa-
enbyxee o1d Ataxd péyioto 1979-1980 dgeirerar mbavétata ot dvadidraln Tod
fAtocpaipixol pevpatoghotol xatk pixog Tol NAaxol ionuepwol, wpdypa wov
elvar oA TBavd va dpethetar 68 dvadidraln THe HAxis SpaoTneréTyToG.

Téroieg dvadiatdbers qalverar 8ti mpaypatomorolvrar xata v Evapén

%0 payvyTinod fHaxol xdxdov 22 Erdv.



