232

Correlation between Cusp Field-Aligned Currents and
Interplanetary Magnetic Field
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Abstract: From the analysis of vector magnetometer data of more than
200 passes of TRIAD that were recorded at McMurdo, Antarctica, during the
winter season, 1974, the principal characteristics of the cusp field-aligned
currents (FAC) 1n the midday south polar region are determined:

1) Cusp type FAC’s exist in the midday polar region that 1s separate from
the region 1 (and 2) FAC regimes. No satisfactory explanation 1s obtained
by attributing the cusp type FAC’s to dislocation in latitude and or shift in
longitude of the general distribution of the region 1 and 2 FAC's.

2) The demarcation line between the pre-noon type and the post-noon type
cusp FAC’s 1s controlled well by the polarity of IMF B,

3) There 1s a linear correlation between the intensity of the cusp FAC
and the negative IMF B, component. No clear relation was found between
the cusp FAC intensity and the positive IMF B, component.
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1. Introduction

In recent years, characteristics of field-aligned currents (FAC) at low altitudes
in the dayside cusp region have been determined from the magnetic field ob-
servation data acquired with polar-orbiting satellites (e.g. IIJIMA and POTEMRA,
1976a; McDIARMID et al., 1978; IIJiMA et al., 1978). I1JiMA and POTEMRA
(1976a) proposed that the cusp region FAC represents different regime of FAC
from those of region 1 and 2 FAC’s. I1J1MA et al. (1978) and McDIARMID e? al.
(1978) have found a close correlation between the cusp FAC and the inter-
planetary magnetic field (IMF), especially its B, component. Simultaneous ob-
servations of particles and magnetic field perturbations in the dayside polar region
including the cusp region were also presented by BURROW et al. (1976) and
PoTEMRA et al. (1977). Furthermore, characteristics of plasma convection (electric
field) in the cusp region were demonstrated by HEELIS et al. (1976) with the
AE-D satellite experiments.

Questions, however, remain as to what is the cusp FAC, how is the cusp
FAC different from region 1 or 2 FAC’s, how does the cusp FAC distribution
change depending on IMF B, or B,, what is the source of the cusp FAC, and
how is the closure of the cusp FAC.

In this paper, magnetometer data acquired with the TRIAD satellite in south-
ern high latitudes are analyzed. First, we show the local time distribution of
FAC in the dayside region 1, and region 2 FAC’s. Then we discuss the correlation
between intensities of the cusp and region 1 FAC’s and the interplanetary mag-
netic field.

2. Data

In our analysis we use the TRIAD satellite magnetometer data obtained during
the period from the end of March to the end of August, 1974, that were recorded
at McMurdo, Antarctica. The orbiting parameters and instrumental information
are given in Table 1 and the coordinates for the three orthogonal components

Table 1. TRIAD satellite flying condition and
instrumental information.

Altitude 800 km
Speed S km/s
Sampling rate 2.25/axes/s

Resolution of magnetometer 12 nT
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TRIAD

Fig. 1. Definition of coordinates of three orthogonal components
of measured magnetic field by TRIAD’s fluxagte magneto-
meter.

1974 Aug 28 0241 UT
South 500 nT T T T T T T T

A McMurdo
Geomagnetic North-South

Y
North—-500 nT .
East 500nT T ' ’ ' ’ ! ‘

A Geomagnetic
East-West
Oor e
\4
West =500 nT T T T T T T T

UT (sec) 9740 9800 9860 9920 9980
MLT (hr, min) 1120 1125 1131 1143 1205
A (deg) 731 76 6 801 838 87.3

Fig. 2. Dayside magnetic field perturbations in which long period perturbations of
each component were removed through a digital filter. Decrease of vari-
ation 1n east-west component corresponds to downward FAC (into the
1onosphere) and increase corresponds to upward FAC (away from the
1onosphere).

of measured magnetic field vector B(A, B, Z) are displayed in Fig. 1
Magnetic field perturbations observed by TRIAD usually include two kinds

of variations. One is short-lived (—60 s) perturbation and the other is slow and
regular variation. It has been thought that the former shows an existence of field-
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aligned currents while the latter would be ascribable to TRIAD’s attitude changes
and self-magnetization effects (SUGIURA and POTEMRA, 1976).

The TRIAD data were recorded on the real time telemetry. Since McMurdo
in the southern hemisphere is located at a higher latitude (geomagnetic latitude=
79.7°) than College (64.9°), the northern tracking station of TRIAD, the TRIAD
data received at McMurdo are more useful for studying the characteristics of
cusp region and polar cap field-aligned currents compared with those recorded
at College.

An example of the dayside region FAC is shown in Fig. 2 in which long
period variations of each magnetometer component were removed by passing the
data through a digital filter.

In the following, we determine the FAC intensity and density from the
magnetometer data under the following approximations:

1) Field-aligned current is represented by a current sheet with infinite length
and uniform density.

2) Its longitudinal extent is much longer than latitudinal width.

3) The motion of the field-aligned current sheet is small during the obser-
vation as compared to the satellite velocity (V> Viae)-

3. Signification of Distinction between the Cusp FAC and
the Region 1 (or Region 2) FAC

From the magnetometer data obtained from 220 passes of TRIAD in the
sector from 0600 MLT to 1800 MLT, only magnetic field perturbations with
amplitude larger than 100 nT were examined. When two kinds of magnetic field
perturbations are observed in close vicinity of each other and one of them is two
tenth smaller than the dominant one, the smaller one is neglected.

Magnetic perturbations can be classified into 7 types (Fig. 3). In this paper
we studied FAC’s of types (1) through (4), because they occupy 93% of all
events.

First we study FAC without considering IMF B,’s sign. Distribution of the
single structure FAC’s (types (1) and (2)) is displayed in Fig. 4a. On the vertical
axis the word “occurrence” means the ratio of FAC observation number of a
certain type for one hour magnetic local time interval (for example, from 1400
to 1500 MLT) to the total number of satellite coverage (type (1)-type (7)) for
the same magnetic local time interval.

The number of the single FAC’s flowing into the ionosphere has a peak (45%)
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(1) (2)
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AB(E-W) AB (E-W)
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(7). MORE IRREGULAR TYPE

Fig. 3. Classification of magnetic field perturbations measured by TR1AD’s mag-
netometer. Types (1) and (2) are referred to as ‘single layer’ FAC and
types (3) and (4) are called ‘double layer’ FAC.

at 0700-0800 MLT and decreases when we approach the magnetic local noon.
A small peak (7% ) can be seen at 1300-1400 MLT. It is, however, doubtful
that this peak is statistically significant, since the occurrence probability is much
lower than that of the peak at 0700-0800 MLT. The number of the single FAC’s
flowing out of the ionosphere has a peak (81% ) at 1400-1500 MLT and decreases
when we approach the magnetic local noon. A small peak (16% ) can be also
seen at 1000-1100 MLT, similar to the case of downward FAC As for the dis-
tribution of the single FAC’s the following points are noteworthy:

1) The demarcation MLT which divides the pre-noon type and the post-
noon type FAC distributions is not exactly 1200 MLT, but 1000-1100 MLT.
This fact is also noted in other observations (e.g. S,” current pattern).
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‘Occurrence’ means the ratio of the number of FAC observations of a certain type for

one hour local time interval to the total number of observations for the same interval.
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2) The peak occurrence probability of upward FAC is greater than that of
downward one. In the morning (0300—1000 MLT) and evening (1400-2100 MLT)
regions this tendency has been also found (IiJiMa and POTEMRA, 1976b).

3) In each case there is a subpeak, but it is doubtful whether it is significant
by itself.

Next, the distribution of double sheet-like FAC’s (types (3) and (4)) is
shown in Fig. 4b. A circle means that on the higher latitude side upward FAC is
observed and on the lower latitude side downward FAC is observed. These current
directions are the same to region 1 and 2 FAC’s usually observed in the evening
side (1400-2100 MLT). We refer this kind of FAC as the ‘evening type FAC’
The profile has a peak (44% ) at 1600-1700 MLT and the occurrence decreases
with decreasing MLT and has a minimum value at 1300-1400 MLT. Then the
occurrence increases with decreasing MLT into the pre-noon sector and has a
subpeak (41% ) at 1000-1100 MLT. This subpeak is considered to be remark-
able, because the preceding minimum probability is 9% at 1300-1400 MLT and
this peak probability is more than 40%. A dot in Fig. 4b represents the case
that on the higher latitude side downward and on the lower one upward FAC are
observed. These current directions are the same to region 1 and 2 FAC’s usually
observed in the morning side (0300-1000 MLT). We refer this kind of FAC as
the ‘morning type FAC’. The occurrence decreases with increasing MLT until
1000 MLT and has a minimum value (13% ) at 1000—1100 MLT and has a maxi-
mum value (41% ) at 1200-1300 MLT, and then decreases toward late evening

As for these double structured FAC’s, the following points are noteworthy-

1) The morning (evening) type FAC has a peak at local time earlier (later)
than the single layer FAC in the morning (evening).

2) The morning (evening) type FAC has a peak in the evening (morning).
This peak is statistically remarkable. The morning (evening) type FAC near the
peak is thought to be different from a couple of region 1 and 2 FAC’s in the
morning (evening) side, because at 1000-1100 MLT (1300-1400 MLT) occur-
rence has a minimum value. We refer this FAC as the ‘cusp FAC’ in this paper

3) Demarcation magnetic local time between the two kinds of cusp FAC’s
leans to morning side (1100-1200 MLT), which is similar to the case of the
single FAC.

The occurrence distribution of each type of FAC 1s displayed in Figs. 5 and 6
and is sorted according to the polarity of the IMF B, component. On the vertical

axis “occurrence” means the ratio of the occurrence number of a certain type of
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Fig. 5. Distribution of the single layer FAC when (a) IMF By is positive and (b) IMF

By is negative.
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FAC to the total number of satellite coverage for certain one hour magnetic local-
time interval for positive or negative IMF B,, value. The total number for positive
B, is smaller (75 examples) than that for negative B, (110 examples) (average
B,=—0.5nT). First, distributions of the single layer type FAC’s are given in
Figs. 5a and 5b. Essentially, profiles for positive and negative B, are similar to
the overall profile given in Fig. 4a. The demarcation line which separates down-
ward and upward FAC’s, however, shifts to earlier MLT for positive B, than for
negative B,. Namely, B, is one of the controlling factors which shift the general
distribution pattern of FAC’s eastward or westward. Next, distributions of double-
sheet structured FAC are shown in Figs. 6a and 6b. These are essentially the same
as the distributions in Fig. 5. The isolated peaks in the midday sector demonstrate
the existence of another regime of FAC, namely, cusp FAC. The B, control is
also examined. It is remarkable that demarcation line across which the distribution
of cusp FAC changes from the pre-noon type to post-noon type is at 1200-1300
MLT when B, is negative.

The important conclusion that can be drawn from the results shown in Figs. 4
through 6 is that the cusp FAC’s display the spatial distributions that are distinct
from the region 1 (and 2) FAC’s, and their distributions are controlled by the
polarity of the IMF B, component.
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Fig. 6. Dustribution of the double layer FAC when (a) IMF By 1s positive and (b) IMF
By 15 negative.

4. Relationships of IMF B, with the Cusp FAC
and Region 1 FAC

In the previous section we have shown that it is meaningful to classify the
cusp FAC as of a distinct type from region 1 and 2 FAC’s. Although our results
may include some ambiguity that we may possibly have mistaken the region 1
FAC for the cusp FAC, its probability would be less than 10%. In this section
we examine the correlation between the cusp FAC and IMF B,. This correlation
is very important for understanding the mechanism of the cusp FAC.

We selected the events by the following criteria:

1) We choose FAC’s observed in the MLT sectors of 0900-1130 MLT
and 1230-1500 MLT.

2) As for the double sheet type, upward (downward) FAC on the higher
latitude side in the dawn (dusk) sector is examined.

3) Only events for which simultaneous IMF data are available are used.

We used the hourly-averaged IMF B, values in solar magnetospheric co-
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Fig 7 Occurrence number of the cusp FAC from 0900-1500 MLT
plotted against the hourly averaged B,
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(a) Case of relatively stable IMF B, conditions. ‘Stable’ means
that sign of B, component does not change over three hours
preceding the TRIAD observation.
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(b) Case of all IMF B, conditions.
Fig. 8. Correlation between the cusp FAC intensity and IMF B,.

ordinates (KING, 1977). It is well-known that the sign of IMF B, is frequently
changing even within one hour. Fig. 7 shows the occurrence number of the cusp
FAC acquired in the local time sector 0900-1500 MLT plotted against the hourly-
averaged B, preceding the TRIAD observation. We used 28 passes. The corre-
lation between the intensity of the cusp FAC and the region 1 FAC and B, are
examined only for those cases which are obtained under relatively stable IMF B,
conditions, i.e., for such cases that the sign of B, component did not change for
more than three hours preceding the TRIAD observation. The result is shown
in Fig. 8a for the cusp FAC. When B, is negative, there is a linear correlation
between B, and the intensity of the cusp FAC (I.). For the cases of positive B,
any clear relation could not be found although some large values of I, also occur
during periods of large positive B,. The samples are satistically very few, but it
should not be overlooked that the cusp type FAC exists even when B, is positive.
Relation between I, and B, for all IMF conditions is shown in Fig. 8b. Essentially
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Fig. 9 Correlation between the region 1 FAC ntensity and IMF B,

it is not different from the relation shown in Fig. 8a, but is more scattered. Fig. 9a
gives the relation between B, and the region 1 FAC intensity during the IMF stable
conditions. There is also a linear correlation between B, and I, when B, value
is negative, which seems to extend toward the positive B, domain. Relation be-
tween B, and I, during all IMF conditions is shown in Fig. 9b. There is no
essential difference from correlation shown in Fig. 9a, but the distribution is more
broadened. On the average the intensity of the region 1 FAC is 1.2 times greater
than that of the cusp FAC in the range of negative B,, while the average intensity
of the cusp FAC 1s somewhat larger than that of the region 1 FAC in the positive
B, range. The intensity of the region 1 FAC between 0900-1500 MLT for all
IMF conditions amounts to about 0.27 A/m, which is comparable to the intensity
of the region 1 FAC in the morning (0300-1000 MLT) and evening (1400-2100
MLT) sectors The relation between the cusp FAC density and IMF B, is shown
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in Fig. 10a for stable IMF conditions and in Fig. 10b for all IMF conditions.
These relations are more scattered than those obtained for the FAC intensity.

This broadening may be caused by ambiguities in determination of the latitudinal
width and intensity of FAC.

5. Discussion

The classification and interpretation of magnetic disturbances in the midday
polar region in the winter season include the following important points:

1) Is the cusp FAC distinct from region 1 and 2 FAC’s in the morning
and evening regions?

It is impossible to explain the cusp FAC by the east-west shift of the demar-
cation line between the morning type region 1 (downward) FAC and evening
type region 1 (upward) FAC as illustrated in Fig. 11, because the morning

(@ By>0 (b) By<0
Fig 11 Illustration of the east-west shift of the demarcation line between the mormng
type region 1 FAC and the evening type region 1 FAC.

(evening) type region 1 and 2 FAC’s has a minimum occurrence at 1000-1100
MLT (1300-1400 MLT) as we mentioned in the previous section. Fig. 12 shows
the relationship between the cusp FAC and the region 1, 2 FAC’s by I1Jima and
PoTEMRA (1976a) in which the cusp FAC is represented distinct from region 1
and 2 FAC’s. The FAC distribution including the IMF B, effects that has been
obtained by our analysis is shown in Fig. 13. Demarcation line between the
morning type FAC and the evening type FAC shifts eastward or westward sys-
tematically depending on the IMF B, component as elucidated by the present
analysis of the TRIAD data. Fig. 14 illustrates another case in which the morning
type region 1 FAC and the evening type region 1 FAC are dislocated in latitude.
In this case the cusp FAC (as we have defined) does not form an independent
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regime but it is interpreted as part of the region 1 and 2 regimes which extend
eastward or westward significantly. The same type of overlapped and complex
current structure is seen in the midnight Harang discontinuity sector (I1JiMa
and POTEMRA, 1976b). In this case we have to explain why the morning type
region 1 FAC is dislocated toward higher (lower) latitudes in comparison to the

1AL| < 1007

0

ISRead Currents into lonosphere
£ Currents Away from lonosphere

Fig. 12. Model of the cusp, regions 1, and region 2 FAC’s proposed by I1JIMA and
POTEMRA (19764a).

(@ B,>0 (b) B,<0

Fig 13. Illustration of our model of the dayside FAC distribution including the IMF B,
effects.
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(@) By>0 (b) By<0

Fig. 14 Illustration of another possible model of the dayside FAC distribution, in which
the morming type region 1 FAC and the evening type region 1 FAC are dislocated
in latitude.

evening type for positive (negative) B,. This control has not yet been observed
in the midnight region FAC. If the subpeak of morning (evening) type FAC at
1100-1300 MLT is significant, this model would be invalid. At present we cannot
decide which of the above two models is better to explain the cusp FAC Or is
there any other better explanation for FAC distribution as mentioned before? In
order to solve this problem simultaneous particle and field data are essential
which would suggest the location of FAC current flow in trapping region, auroral
region, cusp region, and polar cap.

2) How is the relation between FAC’s observed above the ionosphere
(800 km) and magnetic field perturbations recorded on the ground?

Equivalent current system in the polar cap near the dayside region was
studied by Maezawa (1976). When IMF B, is positive, an inverse S,” current
system appears in the polar cap centered on the dayside. This current system
was explained to be driven by the magnetic field reconnection between northward
IMF and magnetospheric magnetic field. Equivalent current directions of this
two-cell pattern are consistent with ionospheric real current that is expected from
the cusp FAC demonstrated by I1siMA and POTEMRA (1976a), though the equiva-
lent current pattern is in general different from real ionospheric current as dis-
cussed by FukusHIMA (1969). If northward B, reconnection drives the cusp FAC,
the cusp FAC intensity should increase with an increase in positive B,. Since our
samples of the TRIAD data is few when B, is positive, we cannot judge whether
northward B, reconnection process is related to the generation of cusp FAC In
our analysis, however, it is obvious that the cusp FAC exists when B, is negative
and the cusp FAC intensity increases with an increase in the negative B,. There-
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fore, the northward B, reconnection is not considered as the principal cause for
the generation of cusp FAC.

3) Future work

At present little is known for the origin and mechanism of the cusp FAC,
which will be studied in more detail using the TRIAD data which began to be
recorded at Resolute (83°), Canada since the end of July 1976.

6. Summary

In the midday polar region, various kinds of complex magnetic field variations
were observed with the TRIAD magnetometer experiment. Most of them (93% )
can be classified into four types of magnetic field perturbations. Without adherence
to the previous study we have studied general distributions of FAC and found
that a separate regime of FAC exists in the midday sector, poleward of, and
adjacent to the region 1 FAC which is well established in the morning and evening
sectors. We referred them as the cusp FAC. In this brief paper, the followings
points are determined:

1) Existence of the cusp FAC cannot be explained only by the fact that
the region 1 and 2 FAC’s in the morning and evening sectors shift toward dawn
or dusk by the polarity of IMF B,.

2) Demarcation line between the pre-noon type and post-noon type cusp
FAC’s shifts eastward or westward, being controlled by IMF B,. When B, is
positive the demarcation line moves towards morning side (1000-1100 MLT)
and when B, is negative it moves towards evening side (1200-1300 MLT). On
the average, the demarcation line is placed at 1100-1200 MLT. This tendancy
is also seen for the region 1 FAC.

3) Maximum occurrence of the pre-noon type cusp FAC is seen around
0900-1000 MLT (41% ) and that of the post-noon type cusp FAC is placed at
1200-1300 MLT (61% ) when B, is positive. When B, is negative the maximum
occurrence position of the pre-noon type events shifts toward 1100-1200 MLT
(53%) and that of the post-noon type FAC is located around 1100-1400 MLT
(27% ). It is doubtful whether the peak of the post-noon type FAC is statistically
significant. On the average maximum occurrence of the pre-noon type cusp FAC
is seen at 1000-1100 MLT (40% ) and that of the post-noon type is observed
at 1200-1300 MLT (41% ). With regard to the region 1 and 2 FAC’s the oc-
currence of the single type FAC (region 1) in the evening sector is more frequent
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than that in the morning sector.

4) Average intensity of the cusp FAC is eight-tenths of that of the region
1 FAC (0.23 A/m) in the daytime sector. Intensity of the cusp FAC seems,
however, to be larger than that of the region 1 FAC when IMF B, is positive.

S) There is a linear correlation between B, and the intensity of the cusp
region FAC (I,) for negative B, while no clear relation between B, and I, was
found for positive B,. It should be noted that the cusp type FAC definitely and
frequently exists even when B, is negative, as well as when B, is positive. Espe-
cially during the stable IMF condition preceding the TRIAD observation of FAC
this tendency for the negative B, 1s more clear.
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