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These scatter plots show the distance down tail 
in RE  (in the XGSM  direction) against ion density, 
temperature, pressure, pressure ratio, size, 
average velocity and period to look for any visible 
trends.  The 12th plot, in the bottom right corner 
plots average velocity against period of the 
bipolar fluctuation and shows a pretty wide 

This study focused on dates that were selected due 
to their abundance of KH vortex activity, indicated 
by many high frequency magnetopause crossings. 
11 dates, in particular, were identified due to their 
KH activity.  Out of these 11 dates, 200 events were 
found with a relatively equal polarity distribution.  
This is the first statistical study that has focused on 
FTEs due to magnetic reconnection on the flanks of 
the Earth's magnetopause.  Preliminary statistical 
results reveal a few possible trends.  

There is a definite trend toward trailing-edge, or 
sunward, FTEs vs. internal or leading edge FTEs.  We 
believe this is due to a thinning of the current sheet 
on the trailing edge and more occurrences of 
magnetic reconnection.  Also, the scatter plots 
indicate a trend toward larger FTEs with distance 
down tail, as well as an average negative VN  value.  
However, there are too few points for any 
conclusive results, particularly without data in the -9 
to -20 XGSM region.
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Abstract:Abstract:
This work consisted of a This work consisted of a 
statistical survey of flux ropes statistical survey of flux ropes 
(also called Flux Transfer Events, (also called Flux Transfer Events, 
or FTEs) along the flanks of the or FTEs) along the flanks of the 
Earth's magnetopause.  THEMIS Earth's magnetopause.  THEMIS 
spacecraft data were used for spacecraft data were used for 
this survey due to their proximity this survey due to their proximity 
to the equatorial plane, where to the equatorial plane, where 
Kelvin-Helmholtz (KH) surface Kelvin-Helmholtz (KH) surface 
wave amplitudes are the largest.  wave amplitudes are the largest.  
FTEs are believed to be FTEs are believed to be 
generated locally by magnetic generated locally by magnetic 
reconnection when the nonlinear reconnection when the nonlinear 
KH waves are developed.KH waves are developed.33   The   The 
objectives of the study were to objectives of the study were to 
identify bipolar magnetic events identify bipolar magnetic events 
which indicate either an FTE or a which indicate either an FTE or a 
KH surface wave and develop KH surface wave and develop 
statistical results that would statistical results that would 
illuminate the nature of the FTEs. illuminate the nature of the FTEs. 

The importance of this study is The importance of this study is 
twofold:  First, it helps satisfy twofold:  First, it helps satisfy 
basic human curiosity and an basic human curiosity and an 
understanding the world around understanding the world around 
us, which is an essential pursuit.  us, which is an essential pursuit.  
Second, FTE generation Second, FTE generation 
contributes to plasma transport contributes to plasma transport 
across the normally impassable across the normally impassable 
magnetopause and directly magnetopause and directly 
affects space weather, which has affects space weather, which has 
numerous tangible applications.  numerous tangible applications.  
During this study, we found that During this study, we found that 
trailing-edge FTEs dominate (see trailing-edge FTEs dominate (see 
trailing-edge diagram). We also trailing-edge diagram). We also 
performed MHD reconstructionperformed MHD reconstruction44

for two ideal FTE events to verify for two ideal FTE events to verify 
that they were, indeed, FTEs.  that they were, indeed, FTEs.  
These results are preliminary These results are preliminary 
since we performed statistical since we performed statistical 
analysis on 11 of 123 dates.analysis on 11 of 123 dates.

Conclusion:Conclusion:
•Out of 11 dates, we found 200 FTE'sOut of 11 dates, we found 200 FTE's
•Trailing-Edge FTEs dominateTrailing-Edge FTEs dominate
•We reconstructed two likely FTEs using MHD We reconstructed two likely FTEs using MHD 
models -- One at (-20.2, 24.6, 2.3) Rmodels -- One at (-20.2, 24.6, 2.3) REE and the  and the 
other at (-6.8. 18.0, -1.7) Rother at (-6.8. 18.0, -1.7) REE in (X,Y,Z) in (X,Y,Z)GSMGSM  
coordinates.coordinates.
•The average velocity in the N direction is The average velocity in the N direction is 
negative, which is consistent with finding negative, which is consistent with finding 
FTEs on the trailing edges.FTEs on the trailing edges.
•There appears to be a trend where ion There appears to be a trend where ion 
plasma pressure and the ion beta (ion to B-plasma pressure and the ion beta (ion to B-
field pressure ratio) increase linearly with field pressure ratio) increase linearly with 
distance down tail.  More data are needed to distance down tail.  More data are needed to 
confirm this trend.confirm this trend.

Future Work:Future Work:
•In particular, data are needed for the region In particular, data are needed for the region 
between -8 and -20 Rbetween -8 and -20 REE in the X in the XGSMGSM direction to  direction to 
confirm some of these initial results.confirm some of these initial results.
•Additionally, all THEMIS data along the Additionally, all THEMIS data along the 
flanks will provide much greater capability flanks will provide much greater capability 
for statistical analysis.for statistical analysis.

While the surface wave still has a 
prominent bipolar BN  feature, it is 
not a FTE.  The following features 
identify a surface wave:
  Bipolar BN fluctuation
  The Magnetopause fluctuates 
over the spacecraft resulting in a 
bipolar magnetic feature 
  The bipolar BN fluctuation 
correlates with a bipolar VN 
fluctuation
This is an ideal example of a 
surface wave and occurred at 
approximately -6.6 RE  down tail in 
the XGSM direction.

Surface Wave

Further down tail, FTEs are more difficult to 
identify than nearer the dawn/dusk terminator. 
The MHD reconstruction above shows that this 
event was an FTE. The obvious island in the 
Magnetic Field Line and Streamline Maps is 
indicative of a FTE and would not exist in a 
surface wave.

Far Tail FTE
The farthest down-tail FTE captured occurred 
on 2009-04-06 at approximately -20.2 Earth 
Radius (RE) in the XGSM  direction.  Again, the 
ideal features of an FTE are the following:
 Occurs along the Magnetopause
 There is a spike in pressure and/or density 
near the middle of the event.
 The characteristic bipolar BN fluctuation
 The lack of a bipolar VN correlation
All of these features were observed for this 
event.

MHD Reconstruction4 – Far Tail

Background

Location:
As the diagram to the left 
illustrates, FTEs were found on 
the leading edge (L) or trailing 
edge (T) of a KH wave.  A few 
also were designated as internal 
(i) to the magnetosphere.

While the magnetopause expands 
and contracts constantly due to 
pressure differences, KH 
instability is caused by shear flows 
of different velocities.  As shown 
above, the magnetopause 
boundary is quite clear during a 
KH surface wave.  However, it 
becomes much less clear in a KH 
vortex, which leads to a higher 
likelihood of magnetic 
reconnection and thus FTEs.  FTEs 
originate from the decoupling of a 
flux rope which can move to 
another region and then dissolve, 
allowing for plasma transport.  
THEMIS spacecraft register these 
fluctuations as spikes in energy 
flux, velocity, temperature, energy 
and density.  Magnetic field 
reaction is variable.

The MHD reconstruction above was performed to 
validate that the bipolar BN  feature was a flux 
rope. The island in the field line plot is indicative 
of an FTE and would not exist in a surface wave.

Near Tail FTE
The best example of a near tail FTE was captured 
on 2008-04-15 at approximately -6.8 RE  in the 
XGSM  direction.  A typical FTE has the following 
features:
 Occurs along the Magnetopause
 There is a spike in pressure and/or density 
near the middle of the event.
 The characteristic bipolar BN fluctuation
 The lack of a bipolar VN correlation
All of these features were observed for this 
event.

MHD Reconstruction4 – Near Tail
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The Magnetopause is defined as 
the boundary between the low 
density, low velocity 
magnetosphere where the 
magnetic field is controlled by the 
earth's dipole, and the high 
density, high velocity 
magnetosheath where the field is 
highly variable due to the sun's 
magnetic field.  As illustrated to 
the right, the THEMIS spacecraft 
pass regularly through the 
magnetopause taking readings on 
magnetic field, electronic flux, and 
plasma density and velocity.

The LMN coordinate system is 
based on the normal to the 
magnetopause (N), where  L = Z, 
and M = N x L. Therefore +M is 
towards the sun on the dawn side 
and away from the sun on the 
dusk side.

LMN Coordinate 
System

The variations associated with the magnetopause 
boundary and cross the THEMIS probes' locations 
often, and we used the data from these crossings to 
identify KH vortices and FTEs. The GSM and LMN 
coordinate systems were used, where GSM is based 
on +Z = Magnetic Earth North, +X = Earth Center to 
Sun Center and +Y = +X x +Z (see above).

For our purposes, it is more 
convenient to measure most 
changes with respect to the 
magnetopause, so the LMN 
coordinate system was used.  
Therefore VN  and BN  represent 
the Velocity and Magnetic field 
strength orthogonal to the 
magnetopause, respectively. (see 
below) 

Polarity:
The diagram to the left 
illustrates the different 
polarities that were found in the 
BN  field for FTEs.  The different 
polarities were possible because 
of opposite current directions in 
FTEs.
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The above histogram shows the number of 
recorded, trailing-edge FTEs, grouped by polarity.  
The polarities appear to be evenly distributed, but 
the only conclusive result that can be drawn from 
this histogram is that there is not a significant, 
dominating polarity.

scatter.  However, once that result (Min FTE size) is plotted 
against distance down tail, we see a relatively regular trend 
towards larger FTEs down tail.  
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