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Background & Motivation

Hybrid simulation results
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• EMIC waves are parallelly propagating electromagnetic waves driven by ring

current ion temperature anisotropy, and play essential roles in scattering 

electrons via gyroresonance ( ~MeV) and bounce resonance (~100s keV).

• The excitation of EMIC waves is affected by cold ions, e.g., 𝐻+, 𝐻𝑒+, 𝑂+.

Ring current ions 
anisotropy 

(Tperp/Tparp>1)

• Excite EMIC waves
• Reduce Tperp/Tparp

• Heat background cold 

plasma

EMIC waves reach 
saturation

• EMIC wave growth:

• Cold 𝐻𝑒+ ions are heated to ~keV during EMIC wave excitation. (Kim et al., 2024)

Science question:

What are the properties of EMIC waves in the 𝐻+-𝐻𝑒+-𝑂+ plasma after 

saturation and how do they contribute to the heating of cold ions?

𝐻𝑒+

Hybrid Simulations and Analysis

Components
Electron (e)
𝒏𝒆~2.4/cm3

Hot𝑯+ (h)
𝒏𝒉/𝒏𝒆=5%

Cold𝑯+ (H)
𝒏𝑯 = 𝟖𝟎%

Cold 𝑯𝒆+ (He)
𝒏𝑯𝒆/𝒏𝒆=5%

Cold 𝑶+ (O)
𝒏𝑶 = 𝟏𝟎%

Parameters 𝑩𝟎=100 nT 𝝎𝒑𝒆/𝝎𝒄𝒆=5 𝑻𝒄𝒐𝒍𝒅~10eV ෩𝜷𝒉 =10.0 𝑇⊥ℎ/𝑇∥ℎ=2.0

• Simulation Setup (Winske et al., 2003):
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• The EMIC wave frequency spectrum evolves towards smaller 

frequency;

• The cold 𝐻𝑒+, 𝑂+ ions are heated sequentially;

𝐻𝑒+ ions are heated to ~keV and 𝑂+ ions are heated to ~100s eV. 

Linear growth rates evolution with time

• The growth rate of H+ band EMIC waves decreases more sharply than that of 

He+ band EMIC waves, with Ani decreasing;

• The relaxation of the temperature anisotropy reduces the maximum frequency 

of positive linear growth rate. (Kennel & Petschek, 1966)
𝜔𝑖 =

𝐴

𝐴 + 1
Ω

Wave 
spectrum

Energy 
Diffusion 
Coefficients 
𝐷𝑝𝑝

Linear growth rates from initial setup

Here are what we observe

from the hybrid simulations:

Ωt = 400 Ωt = 600

• The cold 𝐻𝑒+, 

𝑂+ ions are 

heated 

sequentially 

due to the 

wave 

frequency 

evolution.

𝑣⊥
2 + (𝑣||−𝜔/𝑘)

2 = 𝑐𝑜𝑛𝑠𝑡Diffusion Curve in the velocity space:

Resonance Condition: (Gendrin 1981)
𝜔 − 𝑘//𝑣// = Ω

In the frame moving with the 

wave, at the phase velocity 

ω/k, wave associated electric

field 𝐸𝑤 vanishes, meaning the 

particle’s energy is conserved 

in the reference frame. Due to 

their differing masses, the 

resonance conditions for 𝐻𝑒+ 

and 𝑂+ are different, resulting 

in their unique diffusion curves.

𝐻𝑒+ ions undergo perpendicular heating, while 𝑂+  ions are

heated parallelly.

Conclusions

The EMIC wave frequency spectrum shifts toward lower frequencies as a result 

of the relaxation of hot proton anisotropy. The cold 𝐻𝑒+, 𝑂+ ions are heated 

sequentially due to the wave frequency evolution. 𝐻𝑒+ ions are heated to ~keV 

and 𝑂+ ions are heated to ~100s eV. The cold 𝑂+ ions are heated parallelly to 

the background magnetic field, while the 𝐻𝑒+ ions are heated perpendicularly.
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