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The goal: 
Predict Pc5 waves from solar wind conditions 

We wish to understand the relationship between ULF wave power in 
the solar wind and the distribution of ULF wave power in the 
magnetosphere.
–  Reflections from Alfven gradients
–  Field line resonances
–  Local time distribution

For a given magnetospheric configuration, we assume that there exists 
a mapping function that relates the distribution of ULF wave power 
in the magnetosphere to the driving conditions in the solar wind. 

where Λ may be a function of the independent variables vsw, Bsw, 
δBsw, ρv2, δ(ρv2), …
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Motivation: Observed relationship between 
ULF waves and electron flux 

Rostoker et al. [1998] 

•  Pc5 power ~ Vsw 
•  Electron flux ~ Vsw 
•  Vsw 

 KHI  
 Pc5 
  electron 

acceleration? 
•  Other mechanisms? 



Energization and Pc5 ULF waves 

•  fD~mHz  ULF waves.
•  Only need consider 

resonant frequencies

Energy of an electron 
moving in a dipole 
magnetic field with slowly-
varying dawn-dusk 
convection electric field
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Pc5 ULF waves in the magnetosphere 

Shear waves on the flanks
Impulsive variations in the 

solar wind Variations in the convection
 electric field

Pc5 ULF waves are defined as the continuous magnetospheric pulsations 
that occur at mHz frequencies, which happens to be commensurate with the 
drift frequency of relativistic electrons in the outer zone radiation belts. 

• Internally-driven: high azimuthal mode number (>20), via ring current 
instabilities 
• Externally-driven: low azimuthal mode number (<10), via solar wind 
interactions… 
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Question: What is the magnetospheric  
filter (response) function? 

•  What are the Vsw and ΔPdyn controls, which have been 
reported previously. Which region of space is affected? 

•  Does doubling the solar wind velocity (or ΔPdyn) double 
the ULF wave amplitude? 
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Approach 

•  In observation, focus on time intervals during which one 
solar wind parameter varies while others remain steady.  

•  Run simulation with solar wind condition as observed. 
•  Identify source mechanism for the observed waves. 



Global MHD simulations of ULF waves 

• MHD treats magnetospheric 
plasma as magnetized fluid
• Driven by upstream boundary 
conditions
• Includes reconnection, convection, 
external contributions to B, etc.
• Basic assumptions exclude

• High frequency waves
• Multiple plasma species
• Kinetic effects
• Hall physics
• Etc…
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Basic drivers: shear interactions 

ULF activity characterized as a function 
of solar wind velocity for KH waves on 
the flanks of LFM MHD. 
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Vsw = 600 km/s

÷

=

• Average ratio of integrated, noonside 
magnetospheric ULF wave power between 
4 and 7 RE is 7.59
• Average ratio of integrated solar wind 
pressure power at 15 RE is 1.97

• i.e. normalized by solar wind power, this 
50% increase in solar wind velocity leads to 
a 4x increase in magnetospheric wave 
power.

Vsw = 400 km/s

Magnetospheric Pc5 scaling with solar wind speed 
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We wish to understand the response 
of the magnetospheric cavity as a 
function of frequency; we may use 
both monochromatic frequencies as 
well as broadband runs.

Basic Drivers: Pressure variations 

We also introduce the appropriate out of phase 
oscillation in the input sound speed so that the 
thermal pressure is constant in the input conditions 
( Pth ~ n Cs

2 ):

We also wish to characterize the effect of 
pressure variations during the ascending Vsw 
phase of HSSW storm.  We introduce density 
perturbations of the form
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SW pert = 2δn SW pert = δn

÷

=

• Average ratio of integrated, noonside 
magnetospheric ULF wave power between 
4 and 7 RE is 1.87
• Average ratio of integrated solar wind 
pressure power at 15 RE is 2.0

• Suggests a linear, 1:1 correspondence 
between solar wind pressure PSD and 
magnetospheric ULF PSD.

Magnetospheric Pc5 scaling with solar wind 
ULF wave power 

RBSP SWG  2011-05-24 12



RBSP SWG  2011-05-24 13

Caution 

•  The magnetosphere is a highly variable medium for 
MHD wave propagation (the size and density change in 
storm time scale). The variation is also related to the 
solar wind input. 

•  The magnetosphere internally excites ULF waves.  
These waves also contribute to observed wave power 
but may not be relevant to electrons.   
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Example of THEMIS observation 

Sarris et al. [2010] 

•  THEMIS data have 
been used to 
investigate the global 
ULF response of the 
magnetosphere to the 
solar wind input.

•  In this example, a Pdyn 
change resulted in 
global excitation of 
toroidal Alfven 
waves.
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Example of THEMIS observation 

Liu et al. [2009] 

•  THEMIS data have 
been statistically 
processed.

•  The low-L regions 
(and the solar 
maximum period) will 
be more extensively 
covered by RBSP.
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Example of THEMIS observation 

Sarris et al. [2009] 

•  Closely spaced 
THEMIS pairs can be 
used to determine the 
azimuthal wave 
number and 
propagation direction.
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Mapping ground magnetic PSD to 
equatorial electric PSD  

J. Rae 

•  Eeq/bg is the ratio of the electric 
field wave amplitude in the 
equatorial plane to the magnetic 
field amplitude on the ground 
(Ozeke et al., 2009). 

–  Eeq/bg proportional to f
•  Assumptions: 

–  guided Alfven wave mode solution 
can be used for all frequencies 
(Ozeke and Mann, 2007; Ozeke et 
al., 2009). 

–  A uniformly conducting 
ionosphere,  

•  Predicted Eeq=1.6 mV/m matches 
observations (Rae et al., 2005; 
2007)
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Mapped Electric Fields vs. 
 Polarized Electric Power from CRRES 

Brautigam et al. [2005] Ozeke et al. [2009] 

Mapping from ground CRRES observation 
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Monitoring the plasmapause 
from ground

•  FLRs are always 
present on the 
dayside.  

•  With dense latitudinal 
ground magnetometer 
arrays we can monitor 
the density structure 
near the plasmapause 
as a function of time.

•  The observation can 
be used as input to 
MHD simulation.

Menk et al. [2004] 



Constructing the mapping (filter) function: 
 From the solar wind parameters to ULF waves 

For a given magnetospheric configuration, we assume that there exists 
a mapping function that relates the distribution of ULF wave power 
in the magnetosphere to the driving conditions in the solar wind. 
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Required resources 

•  E, B, and Vi (ion bulk velocity) vectors from 
THEMIS and RBSP, with time resolution of 10 s 
(even 1-min is acceptable for Pc5 waves). 

•  Fast survey mode preferable for THEMIS at L < 6 
in order to clean the noise. 

•  Solar wind monitor (OMNI 1-min) 
•  Ground magnetometer data (10-s vectors) 
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Preferred time periods 

1. Winter 2012/2013
2. Winter 2013/2014
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Data analysis approach 

•  Selected events 
•  Find cases where Vsw is constant while ΔPdyn is changing (or vice 

versa). 
•  Find the dependence of ULF wave power on solar wind parameters. 
•  Use ground based observations to determine if the observed waves 

are low-m or high-m. 
•  Monitor the plasmapause from spacecraft and on the ground. 
•  Check the validity of wave mapping from ground to magnetosphere. 

•  Statistics 
•  Generate global maps of wave amplitude, sorted by solar wind 

input. 


