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Introduction
Wave-particle interactions has been proposed to heat the solar 
wind. One likely wave type is the ion cyclotron wave (ICW).

ICW is circularly polarized wave and left-handed (LH) in the 
plasma frame if the ion is positively charged.

Based on the power spectra of the solar wind plasma 
parameters and magnetic field over relatively long periods or 
large frequency range, the possible presence of ICW activity 
has been previously inferred.

However, this study using high-resolution STEREO 
magnetometer data, shows direct evidence of the existence of 
ICW, and also obtains their properties quantitatively.



Example of Strong ICW - 1

• During the 4 minutes, there are several wave packets. They are well above 
the strength of other natural signals and the noise level of the instrument. 

• Within the interval A1-A2, the transverse power dominates, being 3 orders 
larger than the compressional power. It has a wave ellipticity of -0.98 and a 
percent polarization of 99.9% 



Example of Strong ICW - 2

a wave ellipticity of -0.95, a percent polarization of 95.2% 
a propagation angle from magnetic field is 1.2o

Using 8-Hz magnetic field data from STEREO, we have 
observed many waves like the ones shown above. 



16-Day Survey of STEREO A/B
Criteria: |ellipticity| > 0.7, polarization rate > 70%, 
long axis of the elliptic wave is perpendicular to both B
and propagation direction



• They most occur when the field is radial and relatively quiet, but 
seem not directly dependent on other solar wind conditions

• They are not always present even when the field remains radial



Statistical   Properties

Based on 247 events, statistically the ICWs are observed when the field is 
more radial than usual
The waves mostly propagate within 5o of B
The wave events chosen for analysis have a total power larger than 0.001 
nT2 (STEREO magnetometer sensitivity is 0.015 nT) 



Wave  Parameters
• The waves appear left-handed 

(LH) or right-handed (RH) in 
STEREO frame, and slightly 
more as LH waves

• We believe all waves are 
intrinsically LH in s/c frame. 
The RH waves in the s/c frame 
are those propagating toward the 
Sun but being carried outward 
by the super-Alfvénic solar 
wind

• After removing the Doppler 
shift 

the wave frequency ω is 
generally smaller than local 
proton gyro-frequency Ωpc
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ICW  Statistics

0.4 nT 
fluctuation



Properties of 
LH and RH Waves 
in STEREO Frame
• As a group, the RH 

waves in the STEREO 
frame have a lower 
power, consistent with a 
longer propagation time 
and more damping

• RH waves have a 
slightly larger 
propagation angle

• LH and RH waves have 
similar wave frequency



Conclusions
We have found 247 ICW events during 16-day STEREO 
observations, which last from several seconds to minutes

They propagate at a small angle to B

They are both LH and RH in STEREO frame

Taking Doppler shift into account, all waves are 
consistent with LH waves in solar wind frame, at a 
frequency lower than the local proton gyro-frequency

To understand their generation mechanism and 
dissipation process, ICW observations at other 
heliocentric distances and coordinated modeling work 
are needed
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