0254-6124/2026/46(5)-1291-10 Chin. J. Space Sci. — EAFF R

WANG Ruohan, LIU Kaijun, MIN Kyungguk. Effects of Background Heavy lons on Fast Magnetosonic Waves Excited by Proton-shell Velocity
Distributions (in Chinese). Chinese Journal of Space Science, 2026, 46(5): 1291-1300. CSTR:32142.14.¢jss.2025-0228. DOI:10.11728/cjss2026.
05.2025-0228

1 \ 1 2
E% H/E\ X'J %ﬂtg MIN Kyungguk

L(FE A RHE R Bk S mElE R WY1 518000)
2B ESIRFR S EFER KH 34134)

T OB o, HERREZE PR D b I R 7 R A 4 T A B Sl ) 1 B

WEATRE MR, DR A 8 RS 2= e e, S0 BT 158 B 40 A0 UK 1) 0 -1 BT 3H g AR AU M 3

KR BRI RS, 2T RREEFRPEET . A8 bim. 25850, TRAE

FoEE TN LT, 8 ANRRE BB BN K (BN, AR ARG, ANRRUE IR 38 ik 31 T I3

*ZKJJ METAET, LR re S8 T 5 T e it 3R B3 3. R A8 (ke B AY 4y 38D LR R A5 B 5 ok
16, WFFEEERASAT LA I o Bk )2 oh MS IR 38 & ML 4 BRER A, S X% HoAh A7 B & B PG 2 P 2L

E@iﬁﬁﬂ%ﬂﬂﬁigux.

SKHRIR)  HUERERIAT, PORART I, BRI AR b, SR e

FEDES P354

Effects of Background Heavy Ions on Fast
Magnetosonic Waves Excited by Proton-shell
Velocity Distributions

WANG Ruohan'  LIU Kaijun'  MIN Kyungguk’

1(Department of Earth and Space Sciences, Southern University of Science and Technology, Shenzhen 518000)

2(Department of Astronomy and Space Science, Chungnam National University, Daejeon 34134)

Abstract Fast Magnetosonic (MS) waves are frequently observed in the Earth’s inner magnetosphere
and play a vital role in the acceleration of radiation belt electrons and the perpendicular heating of mag-
netospheric ions. They are generally believed to be generated via the proton Bernstein instability driven
by proton velocity distributions with a positive gradient along the velocity component perpendicular to

the background magnetic field. However, the effects of cool background heavy ions, such as helium ions
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and oxygen ions, on the instability remain insufficiently explored. The present study employs linear ki-
netic plasma theory to investigate how the concentrations of cool background helium and oxygen ions af-
fect the growth rate, wave number, and unstable harmonic range of the proton Bernstein instability driv-
en by proton-shell velocity distributions. The results show that increasing the concentrations of these
heavy ions shifts the unstable waves toward larger wave numbers (corresponding to shorter wavelength
s), reduces their overall growth rate, and moves the unstable harmonic range toward lower frequencies.
These modulations of the proton Bernstein instability are more pronounced with the increase of the oxy-
gen ion concentration than with that of the helium ion concentration. The reasons for these modulations
are also discussed. First, the unstable waves approximately follow the cold plasma dispersion relation of
MS waves which moves to larger wave numbers with the addition of heavy ions, leading to the wave
number increase of the unstable waves. This also explains the overall growth rate reduction, because the
most unstable waves tend to occur with wave numbers determined by the first peak of the squared
Bessel function of the first kind involved in the growth rate calculation. This peak becomes farther away
from the MS wave dispersion relation when the heavy ion concentrations increase. Finally, the heavy ion
concentration increase comes with the background proton concentration decrease. Fewer background pro-
tons mean less damping on the lower harmonic modes, producing the shift of the unstable harmonic
range toward lower frequencies. These findings improve the physical understanding of the excitation of

not only MS waves in the Earth’s magnetosphere but also similar waves in heavy-ion-rich magneto-
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spheres of other planets.
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