
  

MSB6: latitudinal structure of Mercury’s nightside magnetosphere 
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bouncing ion clusters to kinetic Alfvén wave electron acceleration
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Mass-dependent ion stratification in Mercury’s inner plasma sheet

Latitudinal architecture of Mercury’s nightside magnetosphere

1. Southern Hemisphere (05:43–05:48 UT)

→ Stretched, tail-like field lines:

Signatures: Diffuse H+ and He2+; localized energy–
time dispersion for He+.

Mechanism: Time-of-Flight Dispersed Ion 
Structure (TDIS) from an impulsive planet-ward 
injection (E×B drift).

2. Near-Equatorial Plasma Sheet (after 05:49 UT)

Geometry: Dipolar, closed field lines.

Signatures: Periodic, repeating dispersion echoes in 
H+ and He2+.

Mechanism: Bouncing Ion Clusters (BIC) mirroring 
between hemispheres.

Proof: Linear 1/V traces for all species and echoes 
converge to a single origin time (t0​).

A multi-mode wave environment coupled to electron acceleration

Source region constraints from test-particle tracing
Method: Backward particle tracing using the 
KT17 magnetic field and Volland–Stern electric 
field models.

H+ & He2+ sources (solar wind / tail Origin):

Primary: Post-midnight sector; supplied by 
substorm-like magnetotail injections.

Secondary: Dawnside terminator; consistent with 
solar wind entry (Kelvin–Helmholtz instabilities) 
followed by westward gradient-curvature drift.

He+ Source (planetary origin):

Narrowly confined to midnight; injected from the 
near-Mercury neutral line during global 
reconfigurations.

Exospheric Origin: Confined to low energies (  2 ≲
keV/e) near the planet with no dawnside peak, 
confirming a planetary exosphere source rather 
than solar wind or interstellar pickup.

Southern hemisphere & 
magnetic equator (05:40–05:43 
& 05:50–05:53 UT)

Kinetic Alfvén Waves (KAW).

Properties: Broadband 
emissions below fcH2+​, high 
compressibility (CB​ 0.8), linear ≳
polarization (ellipticity ≈0), and 
quasi-perpendicular propagation 
(θkB​≈90 ).∘

→ Coincident with filamented 
electron energy–time structures 
accelerating up to 5 keV.∼

Transition region (05:43–05:50 
UT)

Electromagnetic Ion Cyclotron 
(EMIC) Waves (propagating in 
the He2+ band).

Properties: Narrowband 
emission near fcH2+​, reduced 
compressibility (CB​ 0.5), ≲
intermediate ellipticity (≈0.5), and 
oblique wave-normal angles.

→ Broadens H+ and He2+ ion 
distributions while leaving He+ 
unaffected. Concurrently, 
electron acceleration shuts off 
(no coherent structures above 
300 eV).

Magnetic Equator (05:50–05:55 
UT)

Electromagnetic Ion Bernstein 
Waves (EIBW) 
(co-existing with KAW).

Properties: Narrowband 
emissions organized near 
discrete harmonics of the proton 
gyrofrequency (nfcH+​), highly 
compressional (CB​  0.8), and ≳
quasi-perpendicular (θkB​≈90 ).∘

→ Spatially co-located with 
bouncing ion clusters (BICs) and 
intense 5 keV dispersed ∼
electron structures.
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