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Abstract—The unique trajectories of DMSP spacecraft relative to a dayside polar cusp are considered. They
allow the cusp precipitation to be characterized in different longitudinal sectors for short time intervals of 2–
3 min. The latitudinal widths of a cusp depend on the magnetic local time (MLT) and differ considerably in
the pre- and after-noon sectors. A large-scale trend in ion energy f luxes upon a change in MLT can be
observed in a cusp, along with smaller variations in energy f luxes having longitudinal dimensions of ~100–
150 km. The latitudinal widths of a cusp are determined mainly by the solar wind dynamic pressure (Psw).
The width of a cusp is 2.0°–2.5° of latitude at Psw = 17–19 nPa and only ~0.3° at Psw ≈ 1.0 nPa.
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INTRODUCTION
A daytime polar cusp (one in each hemisphere) is a

funnel-shaped structure in the geomagnetic field
through which solar wind plasma penetrates directly to
the ionosphere along lines of the magnetic field.
Studying the morphology of cusps and the dynamics
and structure of cusp precipitation is an important
part of analyzing the interaction between the Earth’s
magnetosphere and the interplanetary magnetic field
(IMF) and solar wind plasma, in addition to how solar
plasma penetrates into the magnetosphere.

Comparing satellite observations at different alti-
tudes allows us to characterize particles in different
regions of precipitation in the daytime sector and
determine the criteria for identifying precipitation in a
cusp and adjacent regions from observations of precip-
itating particles on low-altitude satellites [1]. An auto-
mated system for determining the structure of precip-
itation in the daytime sector based on the data of low-
orbiting DMSP satellites was created in [2]. Fast orbits
and the presence of several satellites contributed to
frequent crossings of the daytime region of precipita-
tion. This helped to accumulate enough observational
material to determine the morphological characteris-
tics and dynamics of a polar cusp by the early 1990s.

Statistical studies (e.g., [1–3]) contributed to the
development of an averaged cusp model. It was shown
that a cusp is a region of ~1° in latitude and ~2.5 h
MLT in longitude at ionospheric altitudes. A cusp is
roughly symmetrical about its central part, which is
usually in the region of the noon meridian and shifts
by ~1 h MLT toward the pre-noon (afternoon) side at
negative (positive) of IMF component By in the

Northern Hemisphere. On average, the peak of energy
fluxes inside a cusp is closer to its equatorial boundary
than to polarward one. The annual average composi-
tion of the precipitation spectrograms shows that the
properties of a cusp change relatively weakly along
with the MLT. This average cusp pattern is supported
by patterns of the distribution of precipitation in the
daytime sector (e.g., [4]), as has been suggested in a
number of works.

The properties of a cusp have been studied in most
detail at high and middle altitudes, based on Polar sat-
ellite observations [5] and as part of the Cluster project
[6]. The statistics of observations at these satellites
generally agree with the DMSP results and add some
detail. For example, 459 crossings of the cusp region
were studied by the Polar satellite in [5]. The average
position of a cusp center was shown to be ~80.3°
invariant latitude at noon and shifted ~1.5° of latitude
toward the equator by 08:00 MLT and 16:00 MLT. A
cusp structure and dynamics are determined by the
IMF parameters and the solar wind dynamic pressure.
Observations at different altitudes in a cusp confirm its
strong variability. A fast response of a cusp to varia-
tions in IMF was noted in [6]: the velocity of convec-
tion in the cusp and its configuration changed for just
a few minutes.

It is therefore logical to assume that the average sta-
tistical characteristics of a cusp considered above are
very rarely observed under natural conditions. This is
especially true for the longitudinal characteristics of a
cusp. During each observation of a cusp, satellites pro-
vide information only within a limited MLT region.
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Fig. 1. Cusp observations from satellite F13: variations in the energy f luxes of precipitating ions (Fi, erg cm−2 s−1) at (a) 10:06–
10:10 UT on March 18, 2002, and (b) 11:35–11:38 UT on March 19, 2002. The cusp boundaries are marked with vertical dashed
lines.
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Cusp parameters in other MLT sectors remain
unknown during this time.

The aim of this work was to show extremely rare
configurations of DMSP satellite trajectories relative
to a cusp that allow us to characterize cusp precipita-
tion in different MLT sectors within short time inter-
vals. The latitudinal widths of a cusp are studied with
allowance for the parameters of the interplanetary
medium. The structure of cusp precipitation is ana-
lyzed at extreme values of the solar wind’s dynamic
pressure in specially selected individual f lights.

LONGITUDINAL FEATURES 
OF PRECIPITATION PARAMETERS

All f lights of the DMSP satellites considered in this
work were recorded in the Northern Hemisphere at
positive Bz and negative By components of the IMF.
The orbits of the satellites were solar oriented, so the
MLT and the angle at which a satellite crossed a day-
time cusp depended strongly on the inclination of the
geomagnetic dipole to the ecliptic plane, and on the
latitude of the cusp region. Two unique f lights of sat-
ellite F13, the orbital configuration of which relative to
a cusp allows us to trace the parameters of precipita-
tion in different MLT sectors over short time intervals,
are shown in Fig. 1. The positions of the equatorial
and polar boundaries of a cusp are identified accord-
ing to the criteria in [1] and are shown by the vertical
dashed lines. Figure 1a shows variations in the energy
flux of precipitating ions (Fi, erg cm−2 s−1) at 10:06–
10:10 UT on March 18, 2002. The corrected geomag-
netic latitude (CGL) of the satellite’s trajectory at an
altitude of 110 km is plotted along the abscissa. As the
CGL grew, the satellite crossed the cusp in the after-
noon sector (i.e., the equatorial boundary at
~78.20° CGL and ~13.1 MLT, and the polar boundary
at ~78.45° CGL and ~12.6 MLT). Mantle precipita-
tion was recorded at latitudes above the cusp. As the
CGL diminished, the satellite crossed the region of
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the cusp again, but in the pre-noon sector (i.e., the
polar boundary at ~77.95° CGL and ~11.2 MLT, and the
equatorial boundary at ~76.90° CGL and ~10.40 MLT).
The energy f lux of precipitating ions was maximal in
the cusp, compared the neighboring areas of precipi-
tation (i.e., the mantle poleward of the cusp, and the
low-latitude boundary layer (LLBL) equatorward of
the cusp). The positions of the Fi maxima in the cusp
were recorded at 12.8 MLT and 10.6 MLT with a differ-
ence of ~2 min between recording times. The energy
flux of precipitating ions reached ~0.6 erg cm−2 s−1 at
the maximum and was slightly higher in the afternoon
sector than in the pre-noon sector. The approximate
latitudinal widths of the cusp were determined from
the difference between the latitudes of its polar and
equatorial boundaries. The cusp was ~0.25° wide in
the afternoon sector and much wider (~1.0°) in the
pre-noon hours of the MLT. The narrow cusp in the
afternoon sector was at higher latitudes than even
the polar boundary of the cusp in the pre-noon hours.
The center of the cusp thus shifted to higher latitudes
at an angle of ~10° to the geomagnetic parallel from
the pre-noon to the afternoon hours.

Figure 1b shows the energy f luxes of precipitating
ions from 11:35 to 11:38 UT on March 19, 2002. The
satellite coordinate is plotted along the abscissa in
MLT. As in the previous f light, the satellite began
recording the cusp precipitation in the afternoon sec-
tor and stayed inside the cusp for ~1.5 min in the 12.7
to 10.8 MLT range of longitudes. Slight changes in the
satellite’s latitude (<0.05°) at the cusp boundaries give
grounds to believe the entire longitudinal range of cusp
precipitation was recorded in that f light. At least the
cusp width of ~2 h MLT can be considered the mini-
mal range of longitudes. Inside the cusp, the satellite
latitude varied in the interval of 80.90° ± 0.15° CGL.

As is seen in Fig. 1b, the energy f luxes of precipitat-
ing ions changed strongly with MLT. The f luxes were
maximal (about 0.65 erg cm−2 s−1) in the afternoon
sector and diminished rapidly by the MLT pre-noon
Y OF SCIENCES: PHYSICS  Vol. 86  No. 12  2022
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Fig. 2. Latitudinal widths of a cusp (ΔΦ') (° latitude) versus IMF components (a) Bz and (b) By, and (c) the solar wind dynamic
pressure.
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hours. Wide variations in the energy f luxes with longi-
tudinal dimensions of ~100–150 km are  superim-
posed by the approximately linear drop in Fi with
MLT. The geomagnetic activity was low (AL > –200 nT)
during the periods of the cusp registration in Fig. 1,
and solar wind dynamic pressure Psw was ~2.4 nPa.

LATITUDINAL WIDTH OF A CUSP 
AT EXTREME Psw LEVELS

The latitudinal widths of a cusp vary from a few
tenths of a degree to several degrees of latitude. Satel-
lite observations at different altitudes show a slight
increase in cusp width with an increase in the solar
wind dynamic pressure Psw. Based on statistical mate-
rial from DMSP observations, a trend toward an
increase in cusp width at high absolute values of IMF
components Bz and By is shown in [7], but the data
scatter is considerable. The difficulty is that high val-
ues of IMF are usually accompanied by high Psw val-
ues. It is impossible to distinguish between the effects
different solar wind parameters have on cusp width
due to poor statistics for such periods. The Polar and
Cluster satellite observations [5, 6] thus showed only
that the cusp was somewhat wider at the positive
polarity of IMF component Bz than at its negative
polarity.

We therefore additionally studied cusp width versus
the parameters of the interplanetary medium. We used
the 1986 database created in [8] on the basis of satellite
F7 data to study the structure of daytime precipitation.
We selected satellite f lights in which the classic
sequence of daytime precipitation regions was
recorded as the latitude rose: LLBL–cusp–mantle.
Recording regions adjacent to the cusp guaranteed
that the satellite crossed the cusp completely, from its
equatorial to polar boundaries. Only regions recorded
by the satellite longer than four seconds during the
flight were considered. A total of 142 intersections of
the cusp were detected over the year of observations
for which data on the solar wind plasma and IMF were
available.
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Figures 2a–2c show the latitudinal dimensions of a
cusp (ΔΦ') versus IMF components Bz and By and
Psw, respectively. According to Figs. 2a and 2b, there
was no relationship between cusp width and the IMF
components in our data set. The points in Fig. 2a
recall the normal distribution of cusp width about rel-
ative average Bz = −0.5 nT at average/median cusp
width ΔΦ' = 0.6°. There is no correlation between
cusp width and the sign or value of IMF component
By (Fig. 2b). However, Fig. 2c clearly shows an
increase in ΔΦ' along with Psw at a considerable data
scatter. The solid line in Fig. 2c corresponds to linear
regression equation ΔΦ' = 0.25 + 0.10Psw; coefficient
of correlation r = 0.52. Figure 2 thus suggests the cusp
width was effectively influenced by the solar wind
dynamic pressure, but not by the IMF components.
This is seen especially for its positive polarity, when
the positions of the cusp boundaries do not actually
change with the value of the Bz component.

The solar wind dynamic pressure is on average 2–
3 nPa, and the range of the most probable variations in
Psw is ~1–6 nPa. Analysis of the characteristics of
polar cusp precipitation at extreme values of Psw that
go beyond this range is possible only for individual
satellite f lights specially selected for this purpose.
Figures 3a and 3b show the structure of cusp precipi-
tation at extremely high dynamic pressures of 17.5 and
19.0 nPa, respectively. The corrected geomagnetic lat-
itude is plotted along the abscissa. As in Fig. 1, the
positions of the cusp boundaries are marked by vertical
dashed lines. Figure 3a shows the cusp recorded by
satellite F14 at 14:23 UT on March 18, 2002. The cusp
width in that f light recorded at a longitude of
11.5 MLT was ~2.4° in latitude. The energy f lux of
precipitating ions shows a pronounced maximum at
the polar boundary of the cusp, and a less pronounced
increase in Fi was observed near its equatorial bound-
ary. Figure 3b shows the cusp crossing by satellite F15
on the same day, but at 16:16 UT. The cusp width in
that f light was 2.1° at a longitude of ~11.0 MLT. The
fluxes of precipitating ions were again maximal at the
polar boundary of the cusp, and there was a second
maximum of lower amplitude in its equatorial part.
: PHYSICS  Vol. 86  No. 12  2022
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Fig. 3. Structure of cusp precipitation at extremely high solar wind dynamic pressures of (a) 17.5 and (b) 19.0 nPa; energy f luxes
of precipitating ions according to the observations of satellites (a) F14 at 14:23 UT and (b) F15 at 16:16 UT on March 18, 2002.
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Fig. 4. Energy f luxes of precipitating ions at extremely low Psw values from satellite F18 observations at (a) 13:43–13:45 UT on
May 31, 2013, and (b) 11:25–11:28 UT on May 30, 2013.
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Figure 4 shows a cusp observed at extremely low
Psw. Figure 4a shows a cusp recorded by satellite F18
on the 11.7 MLT meridian at around 13:44 UT on May
31, 2013. The latitudinal widths of the cusp are very
small at solar wind dynamic pressure Psw = 0.87 nPa
and total only 0.3° of latitude. The ion energy f luxes in
the cusp are higher than in the regions of precipitation
surrounding it, but even the maximum is only
0.1 erg cm−2 s−1. For comparison, the ion energy
fluxes reach ~0.6 erg cm−2 s−1 at Psw = 2.4 nPa in
Fig. 1a.

We found no daytime polar cusp records at Psw <
0.5 nPa. This could be for two reasons. First, the lon-
gitudinal widths of a cusp can be very small during
such periods, which greatly lowers the probability of
satellites being within the region of cusp precipitation.
Second, very low Psw values correspond to weak
fluxes of solar wind energy. The criteria for identifying
a cusp, derived in [1] for average normal solar wind
conditions, can therefore be greatly overestimated,
especially in terms of the level of the energy f luxes of
precipitating ions. Though extremely rare, small
regions of precipitation can be observed in the near-
BULLETIN OF THE RUSSIAN ACADEM
noon sector. These are similar to cusp precipitation,
but with ion energy f luxes below the level determined
using criteria from [1]. One such example is shown in
Fig. 4b at a solar wind dynamic pressure of 0.27 nPa
and IMF components Bz = 1.5 nT and By = −1.3 nT.
The MLT of the satellite trajectory is plotted along the
abscissa, as in Fig. 1b. The region of precipitation,
which is similar to the cusp precipitation recorded by
satellite F16 at 11:25–11:28 UT on May 30, 2013, is
shown in the figure by the vertical dashed lines. In this
region, the average energies of electrons, ions, and
electron energy f luxes correspond to the criteria in [1],
but the ion energy f luxes are weaker than those nor-
mally recorded in a cusp. The size of this cusp-like
region is ~0.7 h in longitude in 10.9–11.6 MLT, and
the maximum energy f lux of precipitating ions is
~0.02 erg cm−2 s−1—almost an order of magnitude
lower than in the event shown in Fig. 4a.

CONCLUSIONS

Data from the DMSP satellites were used to study
the structure of ion precipitation in a daytime polar
Y OF SCIENCES: PHYSICS  Vol. 86  No. 12  2022
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cusp at a northward oriented IMF component Bz.
Unique configurations of the satellite trajectory rela-
tive to the cusp were considered, allowing us to deter-
mine the characteristics of cusp precipitation in differ-
ent longitudinal sectors for short time intervals. It was
shown that the latitudinal widths of a cusp depend on
the MLT and differ considerably in the pre- and after-
noon sectors. It was found that a narrow cusp in the
afternoon sector was at higher latitudes than even the
polarward boundary of the cusp in the pre-noon
hours. This indicates a poleward shift of the cusp cen-
ter at an angle of ~10° to the geomagnetic parallel from
the pre-noon to the afternoon hours.

Both a large-scale trend of changes in ion energy
fluxes with MLT and smaller-scale variations in
energy f luxes with longitudinal dimensions of ~100–
150 km can be observed in a cusp. The latter are most
likely related to the development of instabilities in the
cusp region.

The latitudinal widths of a cusp are mainly deter-
mined by the solar wind dynamic pressure. The cusp
width is 2.0°–2.5° latitude at Psw = 17–19 nPa and
only ~0.3° at Psw ≈ 1.0 nPa. High Psw levels were
accompanied by high positive values of the Bz compo-
nent in the events considered in Fig. 3. This produces
certain difficulties in distinguishing between the
effects of different parameters on the cusp width.
However, statistical studies and data on the latitudinal
widths of a cusp at extreme Psw levels allow us to con-
clude that the solar wind dynamic pressure is the main
factor of the cusp width in the northward IMF.

The energy f lux of precipitating ions shows a pro-
nounced maximum at the polar boundary of a cusp at
high Psw. A second, less pronounced peak was
observed in energy f luxes near the equatorial bound-
ary of the cusp.

The possible existence of a double maximum in the
energy f luxes of precipitating ions during the south-
ward IMF was shown in [7]. A model was proposed in
this report that predicted a double maximum during a
small southward component Bz and a high azimuthal
By component of the IMF, based on the theory of
magnetic reconnection. The model of a cusp in the
northward IMF in [9] revealed no clearly pronounced

double maximum in the ion population. It is possible
that the double maximum when Bz > 0 can be
attributed to extremely high Psw values. During such
periods, there can be two sources of cusp ions from
high- and low-latitude magnetosheath.

DMSP spacecraft observations revealed no dayside
polar cusp at Psw < 0.5 nPa. We believe the criteria for
cusp identification, derived in [1] for average solar
wind conditions, can be strongly overestimated in
periods where the solar wind dynamic pressure is
extremely low.

The DMSP spacecraft data were taken from
http://sd-www.jhuapl.edu. Parameters of IMF, solar
wind plasma data and indices of magnetic  activity
came from http://wdc.kugi.kyoto-u.ac.jp/ and
http://cdaweb.gsfc.nasa.gov/.
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