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Abstract. In this work, we study the small-scale 

structure of a polarization jet in the subauroral region 

during the April 20, 2018 geomagnetic storm. We report 

measurement results of plasma parameters inside the 

polarization jet with a maximum sampling rate of up to 

1 kHz, obtained with Langmuir probes installed on the 

NorSat-1 microsatellite. The study establishes the pres-

ence of temperature and electron density inhomogenei-

ties inside the polarization jet with spatial dimensions of 

tens to hundreds of meters. The previously known fea-

tures of the polarization jet evolution have been con-

firmed. We have also found that the distribution of the 

electron temperature inside the jet forms two separate 

peaks as the geomagnetic activity develops during the 

storm. 

Keywords: polarization jet, subauroral ionosphere, 

geomagnetic activity, satellite data. 

 

 

INTRODUCTION 

The subauroral ionosphere is a region of Earth’s iono-
sphere at geomagnetic latitudes from 50°–55° to 65°–70°, 
which is located between the projections along geomag-
netic field lines of the plasmapause and equatorial bound-
ary of the auroral oval. In other words, the subauroral 
ionosphere is a transition region between the mid-latitude 
and high-latitude ionosphere. Its position changes rapidly 
during geomagnetic activity. In this ionospheric region 
there are physical processes and phenomena that are 
absent or less pronounced at other latitudes such as for-
mation of the main ionospheric trough (MIT) in the lati-
tudinal distribution of the plasma electron density [Ste-
panov et al., 2017]; formation of the trough polar wall 
due to precipitation of low-energy electrons at the equa-
torial boundary of diffuse invasions [Bryunelli, Nam-
galadze, 1988]; formation of a trough of light ions in the 
upper ionosphere [Galperin et al., 1990]; radio aurora 
[Kotova et al., 2020]; appearance of red arcs in the 
background airglow [Ievenko et al., 2001]; strong ther-
mal emission velocity enhancement (STEVE) [Mac-
Donald et al., 2018]. This region also exhibits narrow 
streams of fast westward subauroral ion drifts near the 
plasmapause projection at heights of the ionospheric F 
layer, which are most pronounced during magnetic 
storms/substorms against the background of large-scale 
plasma convection [Foster et al., 1978; Anderson et al., 
1991]. Such streams were first recorded by the Soviet 
satellite Cosmos-184 and were called “polarization jet" 
(PJ) [Galperin et al., 1973a, b; Galperin et al., 1974]. In 
English literature after the work [Spiro et al., 1979], in 
which the narrow streams of ion drifts were examined 
using data from the American satellite Atmosphere Ex-
plorer C, this phenomenon was termed “subauroral ion 
drift” (SAID). At ionospheric heights, the polarization 

jet bandwidth in latitude is 1°–2°, and the drift velocity 
is from ~1 km/s or higher in a westerly direction, as 
recorded in the dusk and night sectors of the local mag-
netic time (MLT). At the same time, in the dusk sector 
(<20 MLT) there are wide ion flows [Karlsson et al., 
1998; Figueiredo et al., 2004]. Foster and Burke [2002] 
have combined these two types of observed subauroral 
ion drifts: narrow ion drift jets (PJ) and wide ionospher-
ic convection regions to the west with high velocities, as 
well as their associated electric fields, aka subauroral 
polarization stream (SAPS), thereby suggesting that 
they have the same formation mechanisms. These phe-
nomena (SAPS and PJ) have been observed and investi-
gated using both satellite data and ground measurements 
from a chain of ionospheric stations and incoherent scat-
ter radars [Anderson et al., 1991, 1993, 2001; Foster, 
Vo, 2002; Galperin, 2002; Bondar et al., 2005; Koustov 
et al., 2006; Stepanov et al., 2011, 2017, 2019a, b; Kha-
lipov et al., 2016a, b, etc.]. A drop in the ionospheric 
plasma density in the F layer inside a polarization jet 
significantly affects short-wavelength radio emission 
propagation conditions, which indicates the practical 
importance in studying PJ. 

Despite the importance of using a variety of ground-
based observation tools for studying and analyzing PJ 
and SAPS signatures, as well as for working out analyt-
ical models and numerical simulation, of the highest 
value are the direct measurements that can be made only 
when a satellite passes through the subauroral region 
during PJ/SAPS development. As noted above, PJ were 
discovered due to satellites Cosmos-184 and Atmos-
phere Explorer C [Galperin et al., 1973a, b; Galperin et 
al., 1974; Spiro et al., 1979]. Subsequently, the satellite 
data was extensively used for determining properties 
and structures of PJ and SAPS. Based on observations 
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made during many space missions, mechanisms that 
drive PJ/SAPS have been proposed and distinctive fea-
tures of their behavior during geomagnetic storms and 
substorms have been found. For example, satellite data 
was used from OGO-6 [Maynard, 1978] Oreol-1 and -2 
[Khalipov et al., 1977; Galperin et al., 1977], ICEE-1 
[Maynard et al., 1983] Oreol-3 [Benkova et al., 1985], 
DE-1 and DE-2 [Anderson et al., 1993], CRESS [Row-
land, Wygant, 1998; Burke et al., 1998], Freja [Karlsson 
et al., 1998], Astrid-2 [Figueiredo et al., 2004], 
AMPT/CCE [Khalipov et al., 2003], DEMETER [Seran 
et al., 2008], Cluster, THEMIS, and Van Allen Probes 
(RBSP) [Mishin et al., 2017]. A large number of works 
on PJ and SAPS were carried out using DMSP satellite 
data. The DMSP data supported the statistical analysis 
of PJ and SAPS characteristics, along with data form 
incoherent scatter radars and from a chain of ionospher-
ic stations, which was acquired when DMSP satellites 
crossed the subauroral polarization stream. Moreover, 
the DMSP observations were compared with the results 
obtained from other satellites (e.g., [Anderson et al., 
2001; Foster, Burke, 2002; Foster, Vo, 2002; Mishin et 
al., 2010; Wang et al., 2012; Mishin, 2013; He et al., 
2014; Khalipov et al., 2016a, b] etc.). 

Complex studies involving a variety of space mis-

sions have revealed basic large-scale features of the 

formation and evolution of PJ and SAPS, have deter-

mined the place where subauroral ion drifts are most 

likely to occur, and time of their occurrence, as well as 

have established their relationship with geomagnetic 

disturbances. However, many satellites were not 

equipped with necessary instrumentation for studying in 

more detail characteristics of electromagnetic and plas-

ma disturbances observed in the outer ionosphere when 

the satellites were flying over subauroral latitudes dur-

ing PJ; or the on-board instruments could not make high 

temporal resolution measurements. Small-scale process-

es in PJ/SAPS are poorly studied, and many questions 

remain to be answered. In this paper, we use data from 

the microsatellite NorSat-1, which measured ionospher-

ic plasma parameters in situ with Langmuir probes at a 

maximum sampling rate of 1 kHz (by comparison, 

plasma density measurements made by the DMSP satel-

lite are available with a sampling rate of 1 Hz). This 

allows us to study the PJ small-scale structure in the 

subauroral region during geomagnetic activity, which is 

the main purpose of our work. 

 

CALCULATION OF IONOSPHERIC 

PLASMA PARAMETERS 

The Norwegian microsatellite NorSat-1 (~16 kg, 

23×39×44 cm) was launched on July 14, 2017 from the 

cosmodrome of Baikonur into a circular sun-synchronous 

orbit with an inclination of 98°, a height of ~600 km, and 

an orbital period of 95 min. Its primary task is to identify 

vessels in Norwegian waters, using the Automatic Identifi-

cation System (AIS). In addition, the satellite is equipped 

with two scientific instruments: Compact Lightweight Ab-

solute Radiometer (CLARA) for monitoring the solar radi-

ation and the multi-Needle Langmuir Probe (m-NLP) de-

veloped by the University of Oslo [Hoang et al., 2018].  

As is known, the classical Langmuir probe makes 

measurements at a voltage range and provides a current-

voltage characteristic, which is used to calculate plasma 

parameters. Since it takes time to cover the full range, 

temporal resolution of resulting plasma parameters is 

generally low, thus impeding the study of small-scale 

plasma structures. The multi-needle system of Langmuir 

probes installed in the NorSat-1 microsatellite consists 

of four cylindrical probes (needles) at different voltage 

bias within the electron saturation region of the current-

voltage characteristic [Hoang et al., 2018].  

Absence of sweeping across the probe voltage bias 

enables us to measure the electron current much more 

frequently, and thereby to obtain high-frequency plasma 

characteristics. The electron saturation current of a cy-

lindrical probe with a radius much smaller than the De-

bye radius is given by the Orbital Motion Limited 

(OML) theory, whose fundamentals were developed by 

Mott-Smith and Langmuir [Mott-Smith, Langmuir, 

1926]. To determine the electron density Ne in meas-

urements by the system of Langmuir probes, at least two 

cylindrical probes operating at different fixed voltages 

are used [Jacobsen et al., 2010]: 
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cI  is 

the difference of squared collected currents; A is the 

surface area of the probe;
bV  is the probe voltage dif-

ference. 

A key feature of m-NLP is that it does not need in-

formation about plasma potential and electron tempera-

ture to measure the electron density. The electron tem-

perature in eV is calculated from the following formula: 
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where Vs is the satellite potential; Vp1 and Vp2 are the fixed 

potentials of probes; 
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  where Ic1 and Ic2 are the 

currents measured by probes, which are at potentials Vp1 

and Vp2 respectively. 

Since we do not know the satellite potential, we can-

not calculate accurate temperature values from this for-

mula for the region of electron saturation of the current-

voltage characteristic of the Langmuir probes. However, 

while the absolute electron temperature cannot be derived 

without knowing the satellite potential in accordance with 

the Langmuir probe theory, we can calculate the absolute 

temperature variation and thus study the temperature var-

iation with time and latitude. Te does not therefore refer 

only to temperature further in the text. 

 

MEASUREMENT RESULTS 

AND THEIR ANALYSIS 

We examine the storm that occurred on April 20, 

2018. Figure 1 presents the geomagnetic indices SME 
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(a) [Newell, Gjerloev, 2011] and Dst (b) [Nose et al., 

2015] that characterize geophysical conditions on 

April 20 and April 19–21, 2018 respectively. For clari-

ty, red arrows in Figure 1, a, b show the time of the 

satellite passes considered below. X-axes in Figure 1, 

a, b have different duration so that we can see all 

storm phases in Figure 1, b (plot of the Dst index). The 

smaller time interval of the X-axis in Figure 1, a is 

selected to better illustrate a change in the SME index 

between NorSat-1 passes. A moderate geomagnetic 

storm began after 02 UT. As it follows from Figure 1, 

a, the maximum value of the SME index, which de-

scribes the auroral electrojet, was observed at about 10 

UT and was more than 1500 nT. As seen in Figure 1, 

b, about 10 UT on April 20 the geomagnetic storm 

recovery phase began, and at the same time auroral 

geomagnetic activity (Figure 1, a) was the highest. 

Thus, on April 20, 2018 the probability of finding a 

polarization jet was the highest [Anderson et al., 1993; 

Foster, Vo, 2002]. 

Figure 2 shows trajectories of the NorSat-1 passes 

described below. Along the angular axis is the local 

magnetic time; along the radial axis are invariant lati-

tudes. Crosses in Figure 2 mark the middle of PJ during 

each satellite pass. Since the satellite orbit is circular 

sun-synchronous, its height above the Earth surface was 

virtually unchanged in the time interval of interest 

(~600 km). 

The processed measurements made by Langmuir 

probes in the subauroral ionosphere during the NorSat-1 

pass from the northern polar cap to the equator at a height 

of ~600 km are presented in Figure 3. Figure 3 depicts the 

electron density and temperature values calculated by the 

method described in the previous section. Since the meas-

urements were performed with a nominal sampling rate of 

~1 kHz, the plots show values averaged over 100 points, 

i.e. the moving average procedure was applied to data pro-

cessing. Figure 3 presents measurements made from 

10:10:10 to 10:13:00 UT when the satellite was in the 

Northern Hemisphere in the near-midnight sector (~01 

MLT) and the SME index was maximum. 

 

 

Figure 1. SME on April 20, 2018 (a) and Dst on April 19–22, 2018 (b). Red arrows indicate the time of the satellite passes 

considered below (10, 13, 16, 18, and 21 UT); the gray line shows levels of 400 nT (a) and 0 Dst (b)  

 

Figure 2. NorSat-1 trajectories on April 20, 2018 at 10, 13, 16, 18, and 21 UT in polar coordinates. The angular axis repre-

sents MLT; the radial axis, invariant latitudes; crosses mark PJ locations on the satellite trajectories 
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Figure 3. Temperature and electron density variations during the NorSat-1 pass at 10:10:10–10:13:00 UT on April 20, 2018. 

The red arrow shows the polarization jet location; black vertical lines denote the time when the satellite crossed L-shells 4 and 3 

 

The left Y-axis shows the electron density values (blue 

curve); the right one, the electron temperatures (red 

curve), the bottom horizontal axis indicates the meas-

urement time (UT); the top one, the invariant latitude of 

the satellite. Vertical black lines denote the times when 

the satellite crossed L-shells. 

From the orbital data it follows that during that peri-

od the satellite was at subauroral and plasmaspheric 

latitudes. It is impossible to identify exact location of 

the subauroral ionosphere boundaries only from the 

electron density measurements — this requires simulta-

neous measurements of energetic electron and proton 

precipitation. Nonetheless, relying on many previous 

studies of PJ we can indirectly estimate boundaries in 

the inner magnetosphere and find out when the satellite 

passed through the polarization jet. As is known from 

various papers (e.g., [Galperin, 2002]), PJ is located 

inside the main ionospheric trough and is often situated 

on its polar wall, at the boundary of diffuse electron 

precipitation (soft electron boundary, SEB). Figure 3 

indicates that at 10:11:25 there was a rapid decrease in 

electron density, and then till 10:12:04 the plasma den-

sity gradually recovered. We can confidently assert that 

the satellite that time crossed MIT, whose minimum 

was at the invariant latitude of ~53°. 

More poleward of MIT (Figure 3), the electron density 

is higher than the background level ~2 times due to 

charged particle precipitation from the magnetosphere. 

Thus, we can say that PJ should be located on the polar 

wall of MIT. Indeed, looking at the electron temperature 

values shows that in the region more poleward of MIT the 

temperature is higher due to electron precipitation, but at 

the polar boundary of MIT we can also see a slight temper-

ature rise. This time instance is indicated in Figure 3 by the 

red arrow. 

Figure 4 presents more detailed measurements dur-

ing this pass. We can see that at the MIT polar boundary 

there is a local electron density trough, which is accom-

panied by an about 1.5-fold increase in the electron 

temperature. This time instance is shown by the red 

arrow (top panel). Such behavior of the electron density 

and temperature, as well as the location of the trough 

suggest that the satellite crossed the PJ that time. The 

polarization jet was recorded at 10:11:25–10:11:30 UT; 

its approximate boundaries (indicated by green lines in 

this and subsequent figures) were at invariant latitudes 

from 53.37° to 53.22°. Thus, the spatial scale of PJ in 

latitude was ~0.15°, which at 600 km above the Earth 

surface corresponds to a width of 18 km. Furthermore, 

as it follows from the temperature and electron density 

plots (top panel), besides the narrow PJ structure on the 

polar edge of MIT we can see several regions with a 

temperature higher than the background level, which 

coincide with a small electron density decrease. This 

suggests that MIT contains several narrow structures 

more equatorward of PJ. Since PJ is accompanied by a 

strong meridional drift with a velocity exceeding the 

velocity of sound; small-scale plasma irregularities 

caused by various instabilities such as the Farley-

Buneman instability are expected to develop within it. 

To detect them, on the middle and bottom panels of 

Figure 4 we present temperature and electron density 

spectrograms respectively, obtained through the discrete 

Fourier transform of unaveraged satellite data. The 

spectrograms show an increase in the electron tempera-

ture spectral intensity at frequencies up to ~300 Hz and 

in the electron density spectral intensity at frequencies 

up to ~100 Hz. Note that the density spectral intensity 

peak appears ~1 s before the temperature peak. This 

effect is most likely caused by the Fourier processing of 

the steep drop in the electron density. From these spec-

trograms we can infer that there are small-scale temper-

ature irregularities in PJ with spatial scales of tens to 

hundreds of meters.  

Moreover, in Figure 4 more equatorward of the po-

larization jet there is a region bounded by a slight elec-

tron density increase on the equatorward side (blue ar-

row) at the invariant latitude of 52.2° (10:11:44 UT). In 

this region there are several areas with appreciable, 

~1.2-fold electron density increases, and respective 

spectral intensity increases at frequencies to ~250 Hz 

(middle panel). From the foregoing observations and on 

the assumption that the polar boundary of this region 

coincides with the polar boundary of PJ, we can hypoth-

esize that this region is a broad westward SAPS inside 

which the polarization jet is usually located [Foster, 
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Burke, 2002]. Figure 5 depicts a satellite pass at 13 UT 

in the 01 MLT near-midnight sector. The polarization 

jet was observed at 13:22:56–13:23:21 UT at the 

53.3°–51.74° invariant latitude. We can see (top panel) 

that within three hours after the first pass (10 UT) the 

polarization jet expanded toward the equator, and its 

width became ~1.54 °, i.e. ~188 km.Nonetheless, its 

polar boundary remained at approximately the same lati-

tude — ~53.3°. The electron density trough in PJ became 

more pronounced and deeper: we can see its polar bounda-

ry from the ~1.5-fold electron density decrease compared 

to the background level in MIT for 1–2 s. The equatorward 

boundary of PJ is less pronounced, the electron density 

when crossed grows for ~10 s, with the electron density 

inside PJ and outside of the equatorward boundary differ-

ing ~2 times. This suggests that the PJ equatorward bound-

ary coincides with the MIT boundary. Thus, we can say 

that for three hours after its occurrence, the polarization jet 

moved from the polar wall of the main ionospheric trough 

to its equatorward wall. In addition, Figure 5 indicates that 

the electron temperature distribution peak in PJ has shifted 

from the center closer to the equatorward boundary and is 

now located at the invariant latitude of 52.3° (~13:23:13 

UT). The electron density and temperature spectrograms in 

the middle and bottom panels of Figure 5 respectively sug-

gest that compared to the satellite pass at 10 UT the spec-

tral intensity at high frequencies decreased ~2 times. This 

can be explained by the fact that on April 20, 2018 at 13 

UT auroral geomagnetic activity was the lowest (Figure 1, 

a): the SME index was ~250 nT. Moreover, in the spectro-

gram the electron temperature intensity increase inside PJ 

relative to the background is located from the PJ polar wall 

at the invariant latitude of 53.3° to the temperature distribu-

tion peak at the invariant latitude of 52.3°. 

 

 

Figure 4. Electron density and temperature variations during the passage at 10 UT and their spectrograms. The red arrow indicates 

the polarization jet; vertical green lines mark approximate boundaries of the polarization jet; the vertical black line is the time when the 

satellite crossed L-shell 3; the blue arrow shows the estimated equatorial boundary of the westward SAPS 

 

Figure 5. Electron density and temperature variations during the passage at 13 UT and their spectrograms. Vertical green 

lines indicate approximate boundaries of the polarization jet; the vertical black line is the time when the satellite crossed L-shell 3 
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Figure 6 illustrates a satellite pass at 16 UT in the 0 

MLT sector. According to Figure 6, by the time of this 

pass the polarization jet expanded in latitude to ~1.7°, 

which corresponds to ~207 km, its approximate 

boundaries in the time interval 16:36:46–16:37:16 UT 

were at invariant latitudes from 48.3° to 46.8°. It is 

noticeable that three hours after the previous pass PJ 

shifted to the equator by ~5°. As inferred from Figure 

6, the polar boundary of the polarization jet located at 

the invariant latitude of 48.3° (16:36:46 UT) is charac-

terized by a drop in the electron density relative to its 

average value in MIT 2–3 times for ~1.5 s. It is worth 

noting that the plot of the electron density in PJ is al-

most a straight line. This means that the electron densi-

ty during the pass at 16 UT inside PJ was constant 

across its width. At the equatorward boundary of the 

polarization jet located at an invariant latitude of 

~46.8° (16:37:16 UT), the electron density increased 

4–5 times for ~9 s. This implies that the PJ location 

relative to MIT has not changed: its equatorward wall 

still coincides with the equatorward wall of the main 

ionospheric trough. The electron density drops much 

more rapid and more pronounced than during previous 

NorSat-1 passes and other satellite measurements with 

a lower sampling rate at PJ boundaries allow us at time 

scales of 1 ms to confirm that the polarization jet coin-

cides with the electron density trough inside MIT. As 

clearly seen in Figure 6, inside PJ at a distance of 

~0.8° two electron temperature distribution peaks ap-

peared. The first peak, located closer to the poleward 

edge of PJ, is at the 48.15° invariant latitude (16:36:55 

UT) and exhibits an about 1.42-fold increase in the 

electron temperature relative to the background. The 

second, more equatorward peak, located at the 47.55° 

invariant latitude (16:37:05 UT), corresponds to an 

about 1.66-fold temperature rise. Thus, the equatorial 

peak is more intense than the polar one. Moreover, the 

electron temperature spectrogram (middle panel) also 

shows two respective peaks, an increase of the spectral 

intensity of which is more pronounced as compared to 

the previous pass and reaches frequencies of ~300 Hz. 

The formation of separate electron temperature distri-

bution peaks inside the polarization jet, with irregulari-

ties having spatial scales of tens to hundreds of meters, 

can be both a new effect first discovered in this work 

and the beginning of the formation of a double-peak 

structure of the polarization jet (double-peak subauroral 

ion drifts, DSAID). DSAID are described by He et al. 

[2016]; the authors have performed a statistical analy-

sis of DMSP data.  

Figure 7 illustrates a satellite pass at 18 UT in the 0 

MLT sector. The polarization jet is at invariant lati-

tudes from 47.2° to ~45.9° (from 18:13:58 to 

~18:14:20 UT). The equatorward boundary of PJ, 

which during previous passes was less pronounced 

than the poleward one, dramatically expanded during 

this pass, so its location and the PJ width were deter-

mined with great inaccuracy. As shown in Figures 6 

and 7, after having expanded to the maximum size 

during the pass at 16 UT, the PJ began to narrow as 

geomagnetic activity decreased, and by the pass at 18 

UT its width was ~1.3°, or ~159 km. In this case, it is 

noticeable that PJ moved by ~1.5° of invariant latitude 

closer to the equator than during the pass at 16 UT. We 

can see that in the electron temperature distribution 

inside PJ the two peaks were transformed into two 

separate regions. The first region at 18:13:58–18:14:05 

UT is located at invariant latitudes from 47.35° to 

46.85°, the electron temperature therein is on average 

~1.37 times above the background level. The second 

region is at the invariant latitude of 46.4° to 46.75° 

(18:14:07–18:14:20 UT) and exhibits an about 1.5-fold 

electron temperature increase compared to the back-

ground level. Thus, the equatorward region, as during  

 

 

Figure 6. Electron density and temperature variations during the pass at 16 UT and their spectrograms. Vertical green lines 

are approximate boundaries of the polarization jet; the vertical black line is the time when the satellite crossed L-shell 3 
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Figure 7. Electron density and temperature variations during the pass at 18 UT and their spectrograms. Vertical green lines 

are approximate boundaries of the polarization jet 
 

the pass at 16 UT, is more intense than the poleward 

one. Figure 7 shows that to each of the regions with 

increased electron temperature corresponds a small 

trough in the electron density distribution. The electron 

temperature spectrogram (Figure 7, middle panel) also 

displays two regions. These observations suggest that 

at the time of the pass at 18 UT one polarization jet 

split into two jets and this event was preceded by two 

separate temperature peaks identified during the pass 

at 16 UT. 

Figure 7 also indicates that more poleward of the po-

larization jet there are two small electron temperature 

peaks at the invariant latitudes of ~47.5° and ~47.6°, the 

equatorward peak being by ~5 % more intense than the 

poleward one. Existence of these peaks can be ex-

plained both by a random effect in the complicated 

structure of the ionosphere in the subauroral region and 

by the fact that these peaks are remains of the double-

peak PJ, whose formation during the pass at 16 UT is 

illustrated in Figure 6. If the latter is true, we can confi-

dently assert that the polarization jet, indicated by green 

lines in Figure 7, was not produced by the PJ recorded 

during the pass at 16 UT — it is a new PJ driven by 

increasing geomagnetic activity at 17 UT (Figure 1, a). 

As follows from Figure 8, which shows the satellite pass 

at 21 UT in the 0 MLT sector, the polarization jet in the 

time interval from 21:27:17 to ~21:27:30 UT is at invar-

iant latitudes from 52.15° to ~ 51.4°. 

The equatorward boundary of the polarization jet dur-
ing this pass is less pronounced than during the pass at 18 
UT. This means that its location and PJ width during the 
pass at 21 UT have been identified with a great inaccuracy. 
According to Figures 8, 7, and 1 b, three hours later the 
pass at 18 UT when geomagnetic activity went down the 
polarization jet narrowed to ~0.75°, or ~91 km, and moved 
in latitude by ~5° poleward. The electron density trough 
became smoother and almost merged with MIT. Figure 8 
also indicates that the two regions of electron temperature 

distribution coalesced into a single structure whose tem-
perature differed from the background level ~1.5 times. 
The electron temperature spectrogram (Figure 8, middle 
panel) displays spectral intensity increases to 300–400 Hz, 
and four lines, in three of which the spectral intensity is 
high at all frequencies up to ~500 Hz: at 21:27:17, 
21:27:19, and 21:27:23 UT at invariant latitudes of 52.15°, 
52°, and 51.82°. The fourth, less pronounced line whose 
spectral intensity is high at frequencies to 100–200 Hz is 
located at the invariant latitude of 51.7° (21:27:25 UT). 
Note that location of the first line coincides with the as-
sumed poleward boundary of the polarization jet. 

In Figure 8, more poleward of the polarization jet 
at the invariant latitude of 52.2° there is a small peak 
in the electron temperature. If the assumption that the 
two small peaks poleward of PJ in Figure 7 are rem-
nants of PJ [Anderson et al., 1991] observed during 
the pass at 16 UT (Figure 6), is true, the peak in Fig-
ure 8 might have arisen from the coalescence of these 
two structures. We can also suspect that this peak is 
remnants of two areas of the PJ observed during the 
pass at 18 UT (Figure 7), which merged into a single 
structure. In this case, PJ in Figure 8 is new, arising 
presumably during the considerable (1200 nT) in-
crease in geomagnetic activity at 20 UT, which can 
be seen in Figure 1, a. On the other hand, due to the 
fact that the previous PJ was located at lower lati-
tudes, as geomagnetic activity goes down the magne-
tospheric convection and energetic particle precipita-
tion boundaries shift a few degrees more poleward, 
with PJ remaining more equatorward and eventually 
disappearing during relaxation. Perhaps that is why 
during the pass at 21 UT a new PJ structure, which 
appeared more poleward of the preceding PJ, is ob-
served. These issues require further study. 

Note that from DMSP data the cases have been 

found when during one satellite pass two peaks of PJ 

velocities were seen, i.e. the so-called double-peak sub-

auroral ion drift (DSAID) [He et al., 2016]. 
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Figure 8. Electron density and temperature variations during the pass at 21 UT and their spectrograms. Vertical green lines 

are approximate boundaries of the polarization jet; the vertical black line is the time when the satellite crossed L-shell 3 

 

These results were later confirmed by Wei et al. 

[2019], using not only DMSP measurements, but also 

those from Van Allen Probes (RBSP). It is useful to 

compare the splitting of electron temperature and densi-

ty into the two areas, shown in Figures 6, 7, and 8, with 

DSAID. According to [He et al., 2016], DSAID has the 

following features: 

1. In 90 % of DSAID, a single polarization jet first 

appears in the dusk–midnight MLT sector. Then, its 

temperature and drift velocity peak splits into two in the 

sectors before 20 MLT and after 21 MLT. During the 

recovery phase of the geomagnetic event, the peaks may 

disappear or merge first into one peak and then disap-

pear at the end of the geomagnetic storm recovery 

phase. In the rest 10 % of cases, two small peaks arise 

simultaneously which, depending on MLT, eventually 

either merge, becoming a strong double-peak PJ, or 

coalesce into one strong polarization jet. 

2. As MLT increases relative to 21 MLT, the equa-

torward peak decreases, whereas the poleward one 

increases.  

3. DSAID occurs usually during higher geomagnetic 

activity than the ordinary PJ. 

In this study, we note the following: 

1. At 00 MLT there is a polarization jet with two peaks 

of electron temperature distribution inside (16 UT), which 

then splits into two distribution regions (18 UT). As the 

magnetic storm recovery phase develops, these two re-

gions decrease and merge into one peak (21 UT). 

2. For the 00 MLT sector, Figures 6 and 7 show that 

the equatorward peak is higher than the poleward one, 

compared to DSAID in which for large MLT the pole-

ward peak should be higher than the equatorward one. 

3. The double-peak PJ structure, shown in Figures 6 

and 7, begins to manifest itself after 16 UT. As inferred 

from the behavior of geomagnetic indices (Figure 1, a, 

b), the greatest magnetic disturbance occurred before 

10–12 UT and subsequently was insignificant up to 20 

UT, when there was a brief rise in geomagnetic activity. 

Thus, the polarization jet we study and DSAID pre-

sented in [He et al., 2016] have both similarities and dif-

ferences. In-depth study of the double-peak PJ structures 

and causes of their occurrence requires further research, 

including small-scale structures in PJ. 

 

CONCLUSION 

During the April 20, 2018 geomagnetic storm, using 

NorSat-1 satellite data at the geomagnetic latitude 40°–

50° in the subauroral ionosphere we detected a polariza-

tion jet and studied its properties and characteristics. 

Due to the high-frequency measurements of plasma 

characteristics with onboard instruments, we examined 

the small-scale structures of the polarization jet: 

 we identified temperature and electron density ir-

regularities with spatial scales of tens to hundreds of 

meters;  

 we showed that the electron temperature inside 

the polarization jet increased on average 1.5 times;  

 we confirmed the previously known features of 
evolution of the polarization jet, such as its widening 
and shift toward the equator with increasing geomagnet-
ic activity. 

 we have found that as geomagnetic activity de-
velops the electron temperature distribution in the polar-
ization jet splits into two distinct peaks. 

We thank V.L. Khalipov for the fruitful discussion 
of various issues related to the study of the polarization 
jet. We are grateful to Lasse Clausen for access to Nor-
Sat-1 satellite data [http://tid.uio.no/plasma/norsat]. We 
are also indebted to the Kyoto World Data Center for 
Geomagnetism [http://wdc. kugi.kyotou.ac.jp] and Su-
perMAG organizations and national agencies 
[http://supermag. jhuapl.edu/info] for data on geomag-
netic activity indices. 
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