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Introduction:

What Are the Oxygen Ion Cyclotron Harmonic Waves?

Usanova et al., GRL, 2016

◆Observation ◆Simulation

Peaks at nΩ𝑂+

Electromagnetic

Transverse

Mixed ellipticity

WNA ≈ 0 (SVD) 

Liu et al., GRL, 2020

WNA ≈ 0 (SVD) WNA ≈ 90 
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Because of the superposition 



Our Objective:

Credit: NASA

Van Allen ProbesOxygen ion Cyclotron 
Harmonic waves (OCH)

Statistical
wave properties

Global 
distribution

Criteria of OCH waves:

• The frequency of the first harmonic is to be between 0.1Ω𝑂+ and 4Ω𝑂+(= Ω𝐻𝑒+)

• At least 2 obvious harmonics of both electric and magnetic components

• At least one of the electric or magnetic components has higher harmonics

• Minimum power threshold of 0.01 𝑛𝑇2/𝐻𝑧



Example Event of Oxygen Ion Cyclotron Harmonic Waves

Outside the plasmasphere

• Electromagnetic

• Transverse

• Locally generated  

Mixed ellipticity

Parallel propagating (SVD) 



Example Event of Oxygen Ion Cyclotron Harmonic Waves

Ring current O+ increased

Ring-like partial shell distributionTransversely heated 



Statistical Results

• A total of 104 events

• Wide L range (2 < L < 6) 

• Across all MLT

• The wave normal angle given by the 

SVD method tends to be larger at 

larger L on average

• More than 50% of the events are just 

outside the plasmapause

• Some waves have likely propagated 

radially outward for some distance



Statistical Results

• Left: Quiet geomagnetic conditions

• Middle: Moderate geomagnetic  

conditions

• Right: Active geomagnetic conditions

• Wave amplitudes vary between ~ 0.1 

and several nT

• Wave amplitude tends to increase 

with decreasing L value
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We present the first statistical survey of the oxygen ion cyclotron harmonic waves in 

the inner magnetosphere detected by Van Allen Probes throughout the mission from 

November 2012 to July 2019:

• We found a total of 104 events. Waves occurred in a wide L range (2 < L < 6) and across all 

MLT.

• Over 50% of the events were observed just outside the plasmapause.

• ∆𝑓/𝑓𝑂+ is larger than 1 for most events, especially the ones observed at L > 5.

• The wave amplitude varies from ~ 0.1 to several nT.

• The spatial distribution of wave events varies under different levels of geomagnetic activity.


