
Methodology and First Results on 3-year Statistical Study of Low Frequency Magnetic Field Fluctuations 

in the High-Altitude Cusp and Surrounding Magnetosheath  
Authors: Christina Chu, Katariina Nykyri, Elena Budnik, Benoit Lavraud  

 The region of maximum integrated total 
power is more sunward for southward IMF. 

 The region of maximum integrated total 
power is more tailward for northward IMF. 

 This is consistent with the formation of dia-
magnetic cavity regions more tailward for 
northward IMF and more sunward for 
southward IMF (see Cluster Data Plots 2-
14-2003). 

 The highest wave power points can be ex-
plained by a moving of the boundaries and 
structure relative to the Cluster spacecraft. 
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 Repeat analysis with high resolution data 
for 0.125-10 Hz. 

 Compare statistical power fluctuations with 

Figure 2: Process to normalize data 

to “average cusp” 1,2 

High-altitude cusps are regions of significant „turbulence‟. Some of the 
low frequency fluctuations observed in the cusp are shown to be motion 
of the structure by the spacecraft (back and forth motion of the bounda-
ries surrounding the cusp); others are transient reconnection signatures, 
or FTEs [Nykyri et al. 2010a and b, submitted to JGR].  
 
Here we statistically map the properties of low frequency (0.0083-0.125 
Hz ) fluctuations in the high-altitude cusp and surrounding boundaries 
for northward and southward IMF orientations by using  3 years of Clus-
ter data in order to check whether these are statistically consistent with 
the locations and crossing of cusp boundaries and diamagnetic cavities.  

Motivation 

Understanding the nature and origin of fluctua-
tions in the cusp is important because 
„turbulence‟ in the cusp diamagnetic cavities has 
been suggested as a mechanism to heat and en-
ergize plasma up to 100 keV energies. However, 
any period that is longer than the typical travel 
time through the cusp cannot be called turbu-
lence in the traditional sense. It can take only a 
second for a magnetosonic wave to travel 
through the cusp, setting the lowest frequency 
limit for turbulence to 1Hz [Nykyri et al. 2010b 
and c, submitted to JGR].  

Introduction 

The turbulent power in Earth's magnetospheric 
cusp will be analyzed.  
 
Three years of magnetic field data from the Cluster 
spacecraft FGM instrument while in the cusp is 
presented for different interplanetary magnetic field 
(IMF) conditions. This will be done in a coordinate 
system normalized to an “average cusp.”  
 
For each orbit of the Cluster satellites, a spatial 
distribution of power in the magnetic field fluctua-
tions will be calculated. The results are expressed 
in terms of the transverse, compressive, and total 
integrated power in magnetic field fluctuations.   

Methodology 

Future Work 
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NIMF 

Expect magnetic reconnection  
north of the cusp 

Expect magnetic reconnection  
south of the cusp 

SIMF 

3 Year Statistical Wave Power Study 

Integrated Wave Power: 0.0083—0.125 Hz 

Compressive Total Perpendicular 

Comparison with Cluster Data 

The Cusp 

A) Back and forth motion of the 
nightside MSP-cusp boundary by 
spacecraft 

B) Back and forth motion of the 
cusp-MSH boundary by space-
craft 

C) Back and forth motion of the 
cusp-dayside MSP boundary by 
spacecraft 

A)Flux transfer events 
B) Back and forth motion of cusp 
boundaries 

A) Mirror mode waves 
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Figure 1: Magnetic pressure ratio, B/

Possible Sources of Integrated Wave Power 
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Figure 3: NIMF reconnection Figure 4: SIMF reconnection 

Figure 5: Integrated wave power  

Figure 6: Cluster data for 2-14-2003. Shows  dia- Figure 7: Boundary normal (XYZ) and inner boundary for 
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At Cusp Boundaries In Cusp Proper/Diamagnetic Cavity In Magnetosheath 

Figure 8: Cluster  spacecraft orientation for time interval of Figure 6 

Figure 9: a)  diamagnetic cusp, 3-

a)   

b)   
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