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Abstract. The processes occurring in the polar cap region and depending on the IMF By sign 

are considered. The results of a comparative analysis of the distributions of field-aligned currents, 

auroral precipitation, ionospheric plasma convection, and electron density under conditions of 

northward IMF and the IMF By component of opposite signs are presented. The field-aligned 

currents and precipitating particles are obtained from the AMPERE and DMSP satellite data. The 

convection patterns are obtained from the SuperDARN and numerical models; the electron density 

is calculated using the empirical IRI and a regional numerical models. It is shown that in the 

northern hemisphere, disturbances are concentrated near the pole and differ significantly under 

opposite IMF By signs. Under By+ conditions, the precipitation intensity in the center of the polar 

cap is much higher than under By– conditions. Also, only under By+ does the evening convection 

cell dominate over the morning one, providing a circumpolar flow of the ionospheric plasma in an 

extended range of latitudes. The model distribution of the electron density in the polar cap shows 

the formation of a polar peak if By+, and a depletion if By–, which corresponds to the direction of 

field-aligned currents and the structure of precipitation. If By+, a ‘cyclone’-type structure is formed 

in the northern polar ionosphere, in which the energy and momentum of the solar wind are 

effectively transferred to the ionosphere during several hours of the northward IMF. 

Keywords: high-latitude ionosphere, field-aligned currents, auroral presipitation, 

interplanetary magnetic field 

1. INTRODUCTION

The southward-directed interplanetary magnetic field (IMF) promotes the direct injection of 

more solar wind (SW) energy into the magnetosphere through reconnection processes at the low-

latitude daytime magnetopause, where the IMF is antiparallel to the geomagnetic field. At the same 
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time, the polar cap expands and the auroral oval shifts to lower latitudes. When the MMP is directed 

northward (Bz+ ), the magnetosphere becomes "closed", the transfer of energy and momentum of 

the NE to the magnetosphere through reconnection is limited to a small region of high latitudes. 

Energy is delivered through the boundary layers of the magnetosphere via quasi-viscous interaction. 

This type of CB-magnetosphere interaction causes geomagnetic and auroral activity to be 

concentrated in the polar caps. From optical observations, it is known that during the northern MMP 

near the pole, daytime auroras caused by electron ejections often appear [Frey et al., 2003; Korth et 

al., 2004].  

The concept of the role of the azimuthal, By, component of the IMF was formulated in 

[Nishida, 1971; Leontyev and Lyatsky, 1974]. During the motion from the Sun of the MMP frozen 

in the solar wind plasma, an electric field ECB = − V × B is generated (V is the solar wind velocity 

vector and B is the MMP induction; the coordinate system is fixed relative to the Earth). The 

vertical (north-south) component of ENEis due to the MMP By. Thus, at By ≠ 0, a tension is created 

between the northern and southern lobes of the magnetosphere, and a potential difference is created 

between the ionospheres of the opposite polar caps. The By+ MMP (positive direction from 

morning to evening) generates an electric field directed in the magnetosphere from south to north. 

By− this field is directed north-south.   

Longitudinal currents (LT) flowing along the highly conducting force lines of the 

geomagnetic field due to the interhemispheric potential drop are localized in the polar cap in the 

region of the daytime casp. The direction and intensity of these PTs are determined by the sign and 

magnitude of the IMF By. At By- in the northern (southern) cap, the PT flows into the ionosphere 

(flows out of it). At By+ the direction of the currents is reversed. The current system is closed by 

interhemispheric PTs in the area of closed force lines of the geomagnetic field. Polar structures 

were indeed detected in the statistical model of PTs constructed from data of the Oersted satellite 

[Papitashvili et al., 2002; Lukyanova et al., 2010], as well as Iridium [Anderson et al., 2008]. 

In the polar ionosphere, the PTs connected with By form a horizontal, radially directed 

(relative to the geomagnetic pole) electric field under the action of which the circumpolar flow of 

ionospheric plasma occurs. In the Northern and Southern hemispheres, the direction of plasma drift 

is opposite. In the northern polar cap the IMF By+ creates a clockwise (westward) plasma flow, and 

at By- the ionospheric plasma drifts counterclockwise. A linear relationship between the drift 

velocity and the magnitude of MMP By was in the measurements of the EISCAT incoherent 

scattering radar located in Svalbard [Lukianova and Kozlovsky, 2011]. Oppositely directed plasma 

flows are localized inside the polar caps in the region of (quasi-)open in the solar wind force lines of 

the geomagnetic field.  
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The specificity of the processes in the high-latitude ionosphere is a large variability depending 

on a number of factors. The concept of MMP By assumes a symmetric mirror image of the 

distribution of electrodynamic parameters between hemispheres with a change of sign (or direction) 

at positive and negative polarity By. However, the energetics of the processes can be different. First 

of all, it is determined by the intensity of auroral precipitations. Since the current carriers are 

electrons, in the outflowing PT from the ionosphere, the electron flux is directed from the 

magnetosphere downward into the ionosphere. The inflow PT is formed by less energetic 

ionospheric electrons or ions. This paper is devoted to the comparison of satellite observations of 

longitudinal currents and outflows and the results of model calculations of convection patterns and 

electron concentration distributions in the northern polar ionosphere under the conditions of the 

northern MMP By and opposite polarities of the MMP By.   

 

1. PERIODS OF STABLE IMF By+ AND By- 

The effects of the IMF By are most clearly manifested in the conditions of stable northern 

IMF. In summer 2014, two sufficiently long periods with large values of By+ and By- were 

observed. Fig. 1 shows the hourly values of MMP Bz and By and Kr index for the day 20.08.2014 

and from 12 UT 14.07 to 12 UT 15.07.2014. In both cases, the MMP was directed to the north 

during the day. On August 20 (Fig. 1a) at 06-12 UT the magnitude of By was about +4 nTL, and 

after 12 UT it increased to +13 nTL. On July 14 (Fig. 1b) at 12 UT , the polarity of By changed to 

negative, and by the beginning of the next day, the magnitude of By reached -11 nTl. For the 

analysis, we chose 3-hour intervals with approximately the same conditions but with opposite signs 

of the MMP By: (1) 15 - 18 UT, By = +13 nTl, Bz = +9 nTl, Kr = 1; (2) 22 - 01 UT, By = -11 nTl, 

Bz = +6 nTl, Kr = 2. The solar wind speed was low in both cases. Such conditions are favorable for 

the formation of high-latitude disturbances. 

Fig. 1. 

Fig. 2. 

 

2. LONGITUDINAL CURRENT AND AURORAL PRECIPITATIONS 

Fig. 2 shows maps of PTs and auroral luminosity intensity in the LBH emission observed in 

the northern high-latitude region approximately in the middle of each of the periods of prolonged 

By+ (Fig. 2a) and By- (Fig. 2b). The distribution of large-scale PTs is derived from AMPERE 

project data from 10-min measurements of magnetic field variations by engineering magnetometers 

of the Iridium satellite constellation consisting of about 70 low-orbit polar spacecraft (spacecraft). 

The bottom panels of Fig. 2 show maps of polar auroras observed by the Defense Meteorological 
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Satellite Program DMSP F18 satellite over the northern hemisphere at approximately the same time 

points (at 17:06 and 00:42 UT, respectively) as the PTs presented in the top row of Fig. 2. The 

observations were made with the Special Sensor Ultraviolet Spectrographic Imager (SSUSI) in the 

Lyman-Birge-Hopfield (LBH) LBH band at wavelengths of 140-150 nm. DMSP satellites are in a 

sun-synchronous orbit; orbital period 101 min, nominal altitude 830 km. 

Under By+ conditions, 17:20-17:30 UT, 20.08.2014 (Fig. 2a), in the center of the polar cap, 

an outflowing PT with a density of more than 1.5 μA/m2 is observed. At the noon meridian, a low-

latitude PT of the opposite direction maintains the continuity of the current in the ionosphere. In the 

period 00:20-00:30 UT, 15.07.2014 under By- conditions in the near-pole region, an inflow PT is 

formed. It is closed by the outflow PT, which is located to the south at the meridian ~09 MLT. The 

longitudinal currents in the center of the cap lasted for several hours and transformed into a classical 

zone 1 structure as the MLT turned southward. DMSP F18 observed bright emissions and a large 

energy flux of ejected particles near the north magnetic pole just in the region of the outflowing 

ionospheric PT (~12 MLT). The diameter of the central spot is on the order of hundreds of 

kilometers. In the evening side at latitudes 70-85° MLat one can see the edge of the zone of 

precipitations, the maximum of which is located in the pre-midnight sector. Approximately the 

same pattern of eruptions was observed during the entire period By+ on this day.  

At By-, 00:20-00:30 UT, 15.07.2014 (Fig. 2b), when an inflow PT is formed in the near-pole 

region, there are practically no rashes in the center of the cap. The picture of auroral luminosity at 

00:42 UT is typical for the level of geomagnetic activity during this period. In the area of the 

auroral oval, the luminosity of 250-300 Rl in the LBH emission is registered. 

Fig. 3.  

In Fig. 3 presents the energy characteristics - total energy flux and average energy - measured 

by the Sensor Precipitating Electron and Ion Spectrometer (SSJ) auroral particle sensor along the 

F18 orbital segment, images of which are shown in Fig. 2a (By+) and Fig. 2b (By-). The SSJ/4 and 

SSJ/5 versions of the instruments record both electrons and ions in the 30 eV-30 keV energy range 

[Redmon et al., 2017]. The differential energy fluxes obtained from each of the 10 channels are 

summed to obtain an integral energy flux. It is then divided by the number of observed counts to 

obtain the average electron and ion energy [Hardy et al., 2008]. An archive of daily SSJ digital data 

files of mean energy and total energy flux is available through the portal 

(http://www.ngdc.noaa.gov/stp/satellite/dmsp/). Differential energy flux diagrams are available 

graphically through NASA Goddard Space Flight Center's online data analysis system 

(https://cdaweb.gsfc.nasa.gov/). Appendix A presents the DMSP F18 diagrams for the considered 

intervals 17:30-17:15 UT 20.08.2014 (Figure A1) 00:35-00:50 UT 15.07.2014 (Figure A2). The 

http://www.ngdc.noaa.gov/stp/satellite/dmsp/
https://cdaweb.gsfc.nasa.gov/
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first diagram confirms that in the center of the cap there are fluxes of high-energy electrons and 

ionic precipitates are completely absent. The second diagram shows fluxes of low-energy particles 

shifted to auroral latitudes and very weak precipitations in the cap. 

Fig. A1// appendix 

Fig. A2// annex 

In Fig. 3a (By+) it can be seen that when the spacecraft crosses the zone of the near-pole 

ascending PT, the energy flux and the average energy of the ejected electrons increase significantly. 

The peak value for electrons at latitudes 86-87°  MLat reaches 1012 ‒1013 eV/(cm2-sr-c), which is 

two to three orders of magnitude higher than the total level in the auroral zone. This value is 

comparable to the flux observed during large magnetic storms [Shiokawa et al., 2013; Wing et al., 

2013]. Thus, the polar ionosphere receives a sufficiently large amount of energy and flux during the 

extremely quiet geomagnetic state. The maximum of the energy flux observed near the center of the 

outflowing PT is accounted for by electrons up to 6 keV. Such electrons can penetrate the F region 

of the ionosphere [Newell et al., 1996]. At the edges, down to~ 75° MLat the softer electrons with 

energies of 1-2 keV are expelled. Thus, the fluxes and energies that caused the intensifications at 

different latitudes are different. The LBH intensity calculation for the F18 17:00-17:10 UT flyby 

shows that I(LBH) was ~6 kRL at 17:07 UT and ~1 kRL at 17:04 UT (http://sd-www.jhuapl.edu). 

Ion precipitations are observed equatorward of the polar cap boundary. They are absent in the zone 

of the outflowing PT.  

Fig. 3b shows the parameters of precipitations for a flyby under By- conditions, when in the 

center of the cap the PT flows into the ionosphere. In this case, the integral energy flux of electrons 

is an order of magnitude smaller. In the near-pole region, their average energy does not exceed 0.1 

keV and increases to 1.5 keV only below 75° MLat. At auroral latitudes, an increasing flux of 

relatively energetic ions is also observed. Thus, the By- MMP conditions are characterized by much 

weaker precipitations than By+.   

 

3. STRUCTURE OF THE IONOSPHERIC PLASMA CONVECTION TRAJECTORIES 

In a collisionless plasma, the presence of an electric field transverse to the magnetic field is 

manifested in the convective drift of the plasma. The electric potential distribution in the ionosphere 

can be represented as a system where the convection trajectories are identical to equipotentials. To 

calculate the pattern of ionospheric plasma convection, a numerical model of the global distribution 

of the ionospheric electric potential was used [Lukianova and Christiansen, 2006]. The model 

contains blocks of longitudinal currents and auroral precipitations and, taking into account the 

electrodynamic coupling of the hemispheres, reproduces the convection patterns for the given input 

http://sd-www.jhuapl.edu/
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parameters: solar zenith angle (seasonal and diurnal variations), Bz- and By-components of the 

MMP, the level of solar and geomagnetic activity. Of the empirical models, the best known is the 

convection model based on the comparison of the values of the electric potential measured by the 

DE2 satellite with the corresponding values of the MMP [Weimer, 1995]. The model is available 

through an online calculation   portal.  

Fig. 4.  

Fig. 4 presents the electric potential distributions according to the numerical (Fig. 4a, b) and 

empirical (Fig. 4c, d) models for conditions as close as possible to those of the events considered on 

20.08.2014 and 15.07.2014. Both models reproduce similar structures of two-vortex convection. 

Depending on the sign of By, either the morning or the evening vortex expands. The asymmetry is 

manifested in the fact that at By+ (By-) a larger cell of negative (positive) electric potential confirms 

that the outflowing (in-flowing) PT is surrounded by a circular convection flow in which the plasma 

rotates clockwise (counterclockwise). Nor is there any mirroring of the equipotential structure when 

the By sign changes. The expanded evening cell at By+ is significantly more powerful than the 

expanded positive cell at By-. In the first case, the potentials at the center of the positive and 

negative cells are correlated as -30/+14 kV (numerical model) and -40/+15 kV (empirical model). 

In the second case, the picture is much more symmetric with a ratio of -24/+20 kV and -30/+25 kV.   

 

4. ELECTRON CONCENTRATION DISTRIBUTIONS IN THE F-LAYER 

 At high latitudes, the distribution of electron density (Ne) inhomogeneities is controlled by 

two main electrodynamic processes. It is determined by the electric field of magnetospheric origin, 

which causes plasma tubes to drift along equipotentials. The second factor is auroral rashes, which 

(in addition to solar UV) enhance ionization. The main source of precipitations is the plasma layer 

of the magnetosphere, so the particle fluxes are usually limited to the night sector of local time 

within the auroral oval. At a given moment of time, the combined action of the MMP, the solar 

zenith angle, the level of solar and geomagnetic activity creates a complex ionospheric response, 

which can be considered as a superposition of different effects.  

Fig. 5. 

The Ne distribution in the F-region of the polar ionosphere was calculated using a numerical 

model that takes into account the changing structure of convection trajectories depending on the 

MMP [Uvarov and Lukianova, 2015]. The upper row of Fig. 5 presents isoline maps of the 

maximum Ne values in the F2 layer (NmF2) calculated for the conditions realized at 17 UT 

20.08.2014 and 01 UT 15.07.2014. In the summer season, the main source of ionization is solar 

radiation. Nevertheless, some large-scale inhomogeneities stand out against this background.   
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A comparison of the NmF2 distribution maps shows that at By+ (Fig. 5a), a spot of enhanced 

ionization, on the order of 8∙105 cm-3, forms at ~80° MLat near 15 MLT . The peak corresponds to 

the electron spikes and intense auroral glow observed by DMSP and emanating from the ionospheric 

PT from AMPERE data. In the central cap, the model shows plasma depletion and polar hole 

formation. For the By- conditions (Fig. 5b) and the poleward flowing PT into the ionosphere, the 

model Ne distribution shows only a decrease in the plasma density in the center of the cap, which is 

characteristic of the northern direction of the MMSP. It is difficult to say how real the fine structure 

predicted by the numerical model based on physical representations is. However, it can be seen that, 

in general, at By+, the polar ionosphere is characterized by greater ionization and more 

inhomogeneous structure than at By-.      

To compare the modeling capabilities of the polar ionosphere, the bottom row of Fig. 5 

presents NmF2 maps calculated from the empirical IRI (International Reference Ionosphere) model 

[Bilitza et al., 2022]. Due to the lack of observation sites, IRI represents the high-latitude 

ionosphere in a very general form. The inhomogeneous structure in the polar cap is not reproduced. 

The model shows the variation of NmF2 due to seasonal (July and August) and UT-dependent 

illumination variation. Due to the terminator shift in the Northern Hemisphere, the illuminance is 

maximum at 16:40 UT, which is close in time to the moment 17 UT 20.08.2014 (Fig. 5c). On the 

contrary, the moment 01 UT 15.07.2014 (Fig. 5d) is closer to the daily minimum of illuminance at 

04:40 UT.   

 

5. DISCUSSION OF THE RESULTS 

The complex of satellite observation data and modeling results show that under the conditions 

of the northern IMF and large values of By+ , an effective channel is formed for the transmission of 

solar wind energy and momentum to the ionosphere. The intense outflowing PT formed at the 

center of the polar cap implies sufficiently large longitudinal electric fields and potential differences 

on the order of 10 kV [Knight, 1973; Johnson et al., 1998]. Under these conditions, electrons can be 

accelerated to ~10 keV, which is sufficient to produce auroral luminosity. The precipitating 

electrons form an intense auroral luminosity in the polar cap observed by DMSP on 20.08.2014 in 

the region of the spot of the outflowing PT. The circular shape of this glow differs from the arcs of 

auroral auroras that occur in the regions of outflowing PTs in the auroral oval [Kozlovsky et al., 

2009; Haerendel et al., 2012; Wu et al., 2017]. The shape of the glow is also different from the 

large- and small-scale transpolar arcs that can appear in the polar cap at the northern MMP. 

Transpolar arcs are thought to occur on both closed and open geomagnetic field lines, although the 

mechanism for accelerating particles to energies high enough to produce glows is not entirely clear 
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[Hosokawa et al., 2020]. Rarer phenomena - auroras associated with fluxes of polar rain electrons 

with energies < 1 keV, can appear in the center of the polar cap [Reichert, 2024]. However, the 

intensity of such glows is much weaker than those observed on 20.08.2014.  
Under the conditions of negative polarity of the IMF By and, correspondingly, of the PT 

flowing into the polar ionosphere, the energy of the auroral processes is significantly lower and the 

luminescence is practically not registered. The energy flux of ions (mainly protons) is weaker than 

that of electrons, and the contribution to the PT from the ejected ions is small. Energetic protons are 

not the dominant energy source in the high-latitude region.  

It should be noted that there is still no consensus on the interpretation of the observations of 

the Wu MMP effects in the polar cap. Thus, Trondsen et al. [1999] concluded from the images 

obtained with the Viking UV camera in March-November 1986 that the increased intensity of 

daytime polar auroras is more often associated with By− , rather than By+ . Statistical analysis of 

TIMED/GUVI spectrograph images of the auroras showed that their overall intensity does not 

change with the orientation of the IMF By, but there are differences between the pre- and post-

midday sectors [Liou and Mitchell, 2019]. In the northern hemisphere, the energy flux in the 

afternoon sector is more focused and the peak value is 10% greater in By- conditions compared to 

By+ . An opposite but weaker response to the orientation of the MMP By is found in the pre-midday 

sector.  

The PT intensity depends on the Pedersen conductivity of the ionosphere. The considered 

events differ slightly in the dipole inclination angle and the illumination of the northern polar cap: 

the date 15.07.2014 is closer to the summer solstice, and 20.08.2014. - to the autumnal equinox. 

Studies of seasonal changes of PT conducted on a large array of satellite data showed that the 

current density in the most illuminated summer high-latitude ionosphere is 1.5-1.8 times higher than 

in the unilluminated winter ionosphere [Christiansen et al., 2002]. Based on these estimates, a 

temporal difference of one month should not have a large effect on the observed asymmetry in the 

PT distribution. The diurnal variation in conductivity also contributes to the equalization of the 

conditions of the two events. The terminator displacement has the greatest influence on the PTs near 

the morning-afternoon meridian, i.e., on the PTs of zone 1. Here, estimates of the amplitude of the 

UT variation in current density give approximately 10% for the solstice and up to 25% for the 

equinox [Lukianova and Christiansen, 2008]. The currents on the day side are less dependent on 

UT. But in general, for both events, the trends of seasonal and diurnal variation of illuminance are 

opposite, which minimizes the possible effect of ionospheric conductivity in the observed 

asymmetry of the PT distribution.     
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Longitudinal currents and associated particle ejections are responsible for the ionization and 

heating processes in the thermosphere/ionosphere system. It is possible to estimate the influence of 

the IMF By on the change of the plasma density (Ne) in the high-latitude ionosphere only 

approximately. Due to the absence of an observational network in the polar cap, the widely used 

empirical models actually exclude these latitudes from consideration. In the event-specific 

calculations, the numerical model predicts an increase in NmF2 under By+ conditions. However, 

we cannot exclude that some of the small-scale inhomogeneities are artifacts. Calculations for the 

synthesized input parameters have shown that the polarity of the By MMP is crucial for the shift and 

extension of the ionization tongue to the morning or evening side [Lukianova et al., 2017]. Coupled 

SWARM satellite and incoherent scattering radar measurements showed that the plasma density 

locally increases at the site of the PT flowing out of the ionosphere [Lukianova, 2023]. We could 

not find events in which we could reliably identify the local decrease of Ne associated with the 

outflowing PT. 

The convection patterns also indicate differences in the electrodynamics of the high-latitude 

ionosphere at opposite signs of the IMF By. Under the By+  conditions, the evening cell (with 

negative potential) dominates over the morning cell, providing a circumpolar clockwise flow of the 

ionospheric plasma. At the same time, the morning convection vortex is compressed and weakened. 

Note that since the electric field of convection can penetrate from the polar caps into the region of 

closed force lines, the azimuthal drift of plasma can propagate from the summer hemisphere to the 

winter hemisphere [Lukianova and Christiansen, 2006]. At the same time, the penetration efficiency 

also depends on the plasma dynamics in the opposite hemisphere. Under By- conditions, the 

morning and evening vortices are much more symmetric. The morning cell extends only slightly to 

the evening side, and the circumpolar drift is localized in the near-pole region.  

Satellite observations and modeling testify in favor of the concept of the IMF By effect as the 

generation of the electric field along the north-south line, the appearance of the potential difference 

between the opposite polar caps and the system of interhemispheric longitudinal currents [Nishida, 

1971; Leontyev and Lyatsky, 1974]. Another (and quite common) explanation of the By effect in 

the asymmetry of convection patterns is the specific configuration of reconnecting magnetic force 

lines and the corresponding electric field mapping into the ionosphere. It is hypothesized that during 

By+ (By-) magnetic reconnection occurs between the IMF and open geomagnetic field lines in the 

lobes of the tail of the magnetosphere behind the casp behind the casp in the post(pre)-midnight 

sector [Cowley and Lockwood, 1992; Zhang et al., 2021]. In the framework of this approach, one 

can expect a symmetric change of ionospheric parameters at the change of By sign, modulated to a 

small extent by the seasonal course of the Earth's dipole tilt [Reistad et al., 2021].   
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According to the results of [Anderson et al., 2008], the intense PTs known as the NBZ system 

(consisting of a pair of PTs at 85° MLat− ingress and egress at 09 and 15 MLT, respectively [Iijima 

et al., 1984]) may be more intense than zone 1 currents. Depending on the sign of the Wu MMP, 

either morning or evening PT is enhanced. In contrast to the "mirror symmetric" effects in the 

contrast events of 20.08.2014 (By+) and 15.07.2014 (By-), a global asymmetry with a greater 

intensity of electrodynamic and plasma processes in the polar cap under By+ conditions is observed 

in the Northern Hemisphere. At the same time, the unipolar PT and the glow spot caused by the 

expulsion of energetic particles are concentrated near the noon meridian.   

 

7. CONCLUSION 

Under the conditions of the northern MMP and opposite signs of the azimuthal component of 

the MMP (By+ and By− ), the distribution of longitudinal currents, auroral precipitations, 

ionospheric plasma convection and electron concentration showed the following significant 

differences: 

The luminescence intensity in the polar cap tends to increase at By+ and decrease at By-. The 

characteristics of the luminescence are consistent with the distribution of currents observed at 

different signs of the By-component of the MMP. The shift of the polar cap boundaries in the 

morning or evening MLT sectors also depends on the By sign. 

At the By+ conditions in the center of the polar cap, an outflowing from the ionosphere 

longitudinal current and intense luminescence due to the increased fluxes of electrons with energies up 

to several keV were observed. The evening convection cell dominated over the morning one 

providing the circumpolar drift of the ionospheric plasma to lower latitudes. The model distribution 

of the electron concentration showed the formation of the near-pole peak of the plasma density, 

which corresponds to the direction of the longitudinal current and the structure of precipitations. 

Under the By- conditions, when the inflow longitudinal current was formed in the near-pole 

region, the energy of high-latitudinal perturbations was much lower. The electron and ion 

precipitations were observed only at auroral latitudes. The convection cells were almost symmetric, 

and the plasma density in the cap was reduced.      

The general picture testify in favor of the concept of the MMP By effect, in the framework of 

which the emergence of the electric field along the north-south line, the potential difference 

between the opposite polar caps, the system of interhemispheric longitudinal currents and the 

circumpolar motion of plasma in the ionosphere are assumed. The observed asymmetry at opposite 

signs of MMP By is determined by  the direction of the longitudinal current.   
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The periods when the IMF is directed northward and the geomagnetic indices remain at a low 

level are considered quiet. However, under these conditions, if the azimuthal component of the 

MMP is large, the energy entering the polar latitude ionosphere can cause significant space weather 

changes resulting in increased satellite retardation, disruption of high-frequency radio 

communications and satellite navigation. 
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FIGURE CAPTIONS 

 

Fig. 1. Bz- and By-components of MMP and Kr-index (a) 20.08.2014 and (b) 14-15.07.2014. The 

time interval with a particular By sign is highlighted by shading. 

 

Fig. 2. Ionospheric projection of PT AMPERE (top row) and intensity of DMSP optical emissions 

(bottom row) in the Northern Hemisphere in MLT - MLat coordinates: (a) 17:06 UT 20.08.2014 at 

By+  and (b) 00:42 UT, 15.07.2014 at By− . Adapted from (https://ampere.jhuapl.edu/) and ( 

https://ssusi.jhuapl.edu/gallery_AUR). 

 

Fig. 3. Integral energy flux and average energy of electrons and ions along the orbit of DMSP F18 

(a) 17:01-17:12 UT, 20.08.2014 and (b) 00:36-00:47 UT, 15.07.2014. 

 

Fig. 4. Electric potential distribution from the numerical model (top row) and the Weimer model 

(bottom row) for conditions (a, c) By = +12 nTl, Bz = +8 nTl, Kp= 1, DOY= 232 and (b, d) By =  -

12 nTl, Bz = +8 nTl, Kp= 1, DOY= 1 92. MLT-MLat coordinate system; difference between 

equipotentials of 2 kV and 5 kV; potential values at the center of the convection cells are indicated 

at the bottom of each diagram. 

 

Fig. 5. Distribution of NmF2 (105el/cm3) by numerical model (top row) and by IRI model (bottom 

row) for conditions Bz = +8 nTl and (a, c) By = +12 nTl, 17 UT, 20.08.2014 and (b, d) By =  -12 

nTl, 01 UT, 15.07.2014. 
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Appendix A 

  

FIGURE CAPTIONS APPENDICES  

 

Fig. A1. Differential energy fluxes of electrons and ions along the DMSP F18 flyby trajectory in the 

interval 17:30-17:15 UT 20.08.2014; the lower plots show the change in magnetic latitude and MLT 

(source: https://cdaweb.gsfc.nasa.gov/). 

 

 Fig. A2. The same for the interval 00:35-00:50 UT 15.07.2014. 

 

 

 

 

 

 
 

 

 



17 

 

 

 

 

 

 

 

 

Fig. 1. 

 

 

 

 
 

 

 



18 

 

 

 

Fig. 2. 

 

 

 
 

 

 

 

 

Fig. 3. 

 

 

 

  

 



19 

 

 
 

 

 

 

 

Fig. 4. 

 

 

 

 

 



20 

 

 
 

 

 

Fig. 5. 

 

 

 

 

 



21 

 

 

 

Fig. A1. (appendix) 
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Fig. A2. (appendix) 

 

 


	are collected in the Johns Hopkins University Applied Physics Laboratory portal section (https://ssusi.jhuapl.edu/gallery_AUR ). An archive of daily digital data files for the mean energy and total energy flux of the SSJ sensor is available through th...

