
Temporal and Spatial Variations in the Current and Electric Fields in different Auroral Structures  

Zachary Maas Introduction to the Aurora:  

 
The aurora is the result of a multistep process originating on the sun and ending at 

an altitude of 100 kilometers in the Earth’s atmosphere. It begins with the solar 

wind. This flowing plasma interacts with the Earth’s magnetic field lines to form the 

magnetosphere. During their interaction, the magnetic field lines of the Earth can 

interconnect with the magnetic field in the solar wind, on the dayside of the Earth. 

They can then reconnect many Earth radii on the night side of the Earth. The solar 

wind, flowing across the merging field lines, creates a generator and an electric field 

(E) which can power the aurora.  (Akasofu and Lanzerotti, 1975). 

 

Electrons within the magnetosphere are accelerated by the electric field, which is 

parallel to the magnetic field (B) lines of the Earth, in either quasi-static structures 

or in waves. The electromagnetic energy traveling down the field lines can be found 

with the Poynting flux. This is calculated by taking E x B, where E and B are 

perpendicular to each other. The lowest Poynting flux mapped to 100km above 

Earth’s surface that can create a visible aurora is generally 1 erg/cm^2/s. The 

accelerated electrons travel at large speeds into Earth’s atmosphere, and  ions move 

upwards out of the ionosphere. Figure 1 shows this process by visualizing an 

electromagnetic wave on a field line. The figure shows the Ez and By, perpendicular 

to one another and the field lines. Likewise, the Poynting flux, represented by S, and 

points down and parallel to the field lines. The diagram shows ions being 

accelerated upwards and electrons being accelerated downwards, causing the aurora. 

The Joule heating shown in the diagram is the rise in temperature associated with 

electrons colliding with other particles in the ionosphere. (fig 1 from J.R  Wygant el 

al., 2000). 

 

 In the ionosphere the highly energetic electrons collide with gases in our 

atmosphere, such as oxygen and nitrogen, exciting them to higher energy states. 

Finally, the excited molecules in the atmosphere emit photons, which create the 

aurora.  

During the event Cluster 2 (fig 3) transited field lines that mapped to a dynamic arc structure between 12:28 and 

12:31 UT. The magnetic field in the By (panel 2) direction is larger than the Bx (panel 1) direction and there was a 

field-aligned current sheet extending along the arc. Cluster 2 can be seen encountering a current structure between 

12:28 and 12:35, evident by the change in the magnetic field, in the By direction. The satellite experienced large 

electric field fluctuations around 12:29, and 12:32 in the Ex direction (panel 3), which correspond to times when 

the current was detected. Finally the Poynting Flux peaks at 10 ergs/cm^2/s (from panel 11) mapped to 100km. 

 

Cluster 1 (fig 2) transited field lines that mapped to a more stable, dimmer arc between 12:28-12:33. The largest 

magnetic field perturbation is in the By direction (panel 2) consistent with a field-aligned current between 12:31 

and 12:36. There is an electric field at 12:31 and a larger one at 12:34 in the Ex direction (panel 3), at the times the 

current structures are located. The largest Poynting flux occurs at 2 ergs/cm^2/s (panel 11) mapped to 100km. 

Event Criteria: 
 

- The Cluster satellites were within 3 RE to ensure Cluster transits through 

the auroral acceleration region; where the electric fields and currents in this 

region drive the aurora.  (Marklund et al., 2011) 

 

-Cluster Satellites were recorded on magnetic field lines connecting in the 

Auroral Oval. The current and electric fields that drive the aurora occur on 

the field lines. 

 

-Auroral Activity was captured on a THEMIS imager. 

 

-Two or more Cluster Satellites were tracked above the THEMIS ground site 

that recorded the activity. 

 

-The events occurred in late 2008 or after.  

The perigee of Cluster was lowered in late 2008, so that the satellites entered 

the region of auroral acceleration.  (Marklund, et al., 2011) 

 

 

  
 

Conclusions: For the event on 12/04/2008, the first event associated with Cluster 2 is much more dynamic than Cluster 1. The comparison of panel 2 for figures 2 and 3 show that the current structure is more complex for Cluster 2’s event 

than Cluster 1’s. Also, the mapped Poynting flux is also much larger for Cluster 2 than Cluster 1, indicating that the more dynamic structure requires more energy. 

 

 For the event on 1/23/2009, the current structures encountered by the satellites are all very similar; Cluster 2 experiencing a 20nT peak, and Cluster 1 and 4 experiencing between -15-20nT peak. The slopes of these curves are also similar 

between each satellite. The mapped Pointing flux was measured between 0.7-1 erg/cm^2/s for each satellite. These values correlate to a weak structure; which relate dimness of the aurora in the pictures. The stability of the structure in the 

pictures is seen in the stability of the Poynting flux, and current structures seen temporally between Cluster 1 and 4, and spatially by Cluster 2. 

 

I look forward to continuing to research these events and other events at later dates. I will further collect data for these events, such as distribution function plots of electrons and  ions, to help discover what drives auroral processes. 

Cluster 2 (fig 5) transited field lines that mapped to a strong aurora at 11:24 and experiences a much weaker aurora at 11:26-27. 

Around 11:24 there was a large perturbation in the By direction (panel 2), indication a current structure. At 11:28 it also experiences a 

smaller current in the By direction. There is an electric field fluctuation experienced in the Ey direction (panel 4) at 11:28. The 

associated Poynting Flux was .8 ergs/cm^2/s at 11:24 and 1.8 ergs/cm^2/s at 11:28 (panel 11), when mapped  to100km above Earth’s 

surface.  

 

Cluster 1 (fig 4) crosses the arc between 11:26 and 11:27. There is a corresponding change in the By (panel 2) direction of the 

magnetic field meaning a current is present. The electric field’s largest values occur around the 11:33 mark in the Ex direction (panel 

3). A Poynting flux of 0.8 erg/cm^2/s can be mapped to the 100km altitude (panel 11).  

 

Finally, Cluster 4 (fig. 6) crossed the arc structure between 11:27 and 11:28. There is a current experienced between 11:27 and 11:28, 

in the By direction (panel 2). There is also an electric field fluctuation occurring at the same instances in the Ex direction (panel 3).At 

11:28 the Poynting flux mapped to 100km above Earth’s surface was recorded at 1 erg/cm^2/s. 

12/4/2008 Event 1/23/2009 Event 

Introduction to My Research: 

  
The purpose of my research is to examine electric fields, currents, and energy 

flux associated with different auroral structures,  in the auroral acceleration 

zone. To do this, data from the Cluster Satellites was used. Cluster is a grouping 

of four satellites that travel together in a tetrahedral formation. Their close 

proximity allows data to be gathered from multiple sources in one event. 

Comparing the data from multiple satellites allows one to see how the fields 

change over time and see different areas of an auroral structure simultaneously.  

 

The auroral structures can be seen using the THEMIS All Sky- Imager. This is a 

collection of stations, mainly in Canada, which take images of the night sky.   
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Fig. 2-6 

The coordinate system used in panels 

1-5, 7,8,10, and 11 is called Field 

Aligned Coordinates. In this system 

the Z direction points along the 

geomagnetic field.  

The first two panels show Bx and By 

respectively. The next three panels 

give the electric field data, Ex, Ey, Ez 

respectively. Panel 6, 7, and 8 give 

the Poynting flux and uses the E*B=0 

assumption to solve for the spin axis 

electric field, which is not measured. 

Panel 6 shows the poynting flux in 

the GSE coordinate system where 

blue is in the X direction, green is the 

Y and red is the Z. Panel 7 shows the 

Poynting flux in the Z direction (in 

field aligned coordinates).Panel 8 

shows the Poynting flux mapped to 

100km above Earth’s surface in the 

Z..Panels 9,10,11 show the Poynting 

flux in the same way as 6,7,8 but the 

Ez component is derived with the 

assumption  that the electric field 

along the spin axis equals zero. All 

plots are smoothed/detrended to 10 

and 100 seconds respectively. Time 

ranges are in Universal time. 

Auroral Images:  12/4/2008 event images were taken from THM. Ranking Inlet ground station. 1/23/2009 Image was taken from THM. Inuvik ground station. Satellite tracks are included on the image for Cluster 1, Cluster 2, and Cluster 4.  

Cluster 1 is has a yellow track and the satellite position is represented by a square. Cluster 2 has a red track and is a diamond. Cluster 4 has a blue track and is triangle.  The times expressed are in UT (universal time). 

Figure 3 (Right): 
Cluster 2 

Time Range: 
 12:25-12:40  

  
 
 
 
 

Figure 2 (left):  
Cluster 1 

Time Range:  
12:25-12:45  

 
 

Figure 4 (left): 
Cluster 1 

Time Range: 
11:20-11:45 

 

 
 
 
 
 
 

Figure 6 (right): 
Cluster 4: 

Time Range: 
11:20-11:40  

 
 
 
 
 

Figure 5 (left): 
Cluster 2: 

Time Range: 
11:20-11:35 
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