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0 Dynamic Environment of Mercury’s Magnetosphere
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[Sun W et al., 2022]

 Solar wind dynamic pressure: ~3.5t0 9.0 nPa, six to 10 times of Earth’s (~0.55 nPa)
« Solar wind density: ~30 to 120 cm™~3, six to 30 times of Earth’s (~4.5 cm™3)
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1 Kelvin—Helmholtz Instability

« Avelocity shear exists either within a
single fluid or between two distinct

fluids.

» Kelvin-Helmholtz (K-H) waves at the

[J.R.Johnson et al., 2014] magnetopause are driven by velocity

shear between magnetospheric and

o — K (Pmsh Vinsh + Prmsp Vinsp) magnetosheath plasma flows
Pmsh + Pmsp
. p* \12 (k- Bmslx)2 + (k- Bmsp)z)
= = | K-(Vmsh— V — 1
\/( Pmsh + Pmsp ) ([ e msp)] 47T,0* (1)

where p* is a mean mass p* = pPpsh Pmsp/ (Pmsh + Pmsp) (MSp/msh = magnetosphere/sheath).
K-H waves are unstable when (k - (Vimsh — Vimsp))”> > (K - Busn)? + (k - B,usp)?) /47 p*.
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2 How to pick up Kelvin—Helmholtz waves? > (G At 7. F 3
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magnelosheath well-defined boundary
plasmaﬂyf ) o Due to the lack of direct flow measurements from
. 0 0 SDacecraft(\) | MESSENGER, we identified Kelvin-Helmholtz (K-
) V H) waves through variations in the magnetic field,
/msmaﬂow plasma density, and plasma temperature.
well-defined boundary G
[T. Sundberg et al., 2010]
Characteristics Comparison
Magnetic field Magnetosheath < Magnetosphere
Plasma density Magnetosheath > Magnetosphere

Plasma temperature Magnetosheath < Magnetosphere 25
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Linear magnetopause waves
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Zz 0.71 D.6a 0.65 .62 0.58 0.5% 0.51 a.48
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[Cushman-Roisin and Becker 2007]
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3 Quantitative methods to identify
linear vs. nonlinear K—H waves
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3.1 tanh fitting

Linear Case Fitting

Z
B(z) = Botanh (—)
o I
¢

L_: the half-thickness of
the current sheet

B : the ambient magnetic field
strength at the edge of the
magnetopause current sheet

— raw data

Bump: at least 15% above the modeled B.

Bump: a deviation from the configuration of
the magnetopause current sheet
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17:42:30 17:43:20 17:44:10 17:45:00 17:45:50
MLTIhr] 05:14 05:15 05:16 05:16 05:17
MLATI®] -28.77 -27.68 -26.55 -25.38 -24.18
ALT[R#] 1.06 1.03 1.00 0.96 0.93

Linear Waves

Nonlinear Waves

Magnetosheath

Magnetosheath

+Y

Magnetosphere

IR TR TR N

)

Magnetosphere

MESSENGER

For linear-stage Kelvin-Helmholtz (K-H) waves, Ny maintains a consistent direction, while

during the nonlinear stage, Ny exhibits sign reversals (positive/negative alternations). e
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4 Case Study * Pre—dawnside Magnetopause
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> Pre-Dawnside Magnetopause Crossing 60hs .
! (a)
o Oi’MW*'W%W ‘w{uw*ﬂj H““*‘T‘j“ﬂw“a 1‘;,:;;;‘: 7 K-H waves have not been
SOl el e ol £ 0T observed in this area before.
i i (b) 1-
Il W"' IR WAL 1’.‘:,j,hﬁ;‘*‘i?.fﬁ»lﬁ;Z,?L;TIZ._;J”f KA .
: ! .
100 : i = 3 : .
NE' 50 \ l N |V ‘JV’W [ MMy (NP(\”M X/Rm B
< ofwww A ot oLk e e .
50 e —— Magnetic field | High-pass filter of Bt | Plasma Density
120} ! -] (d)
Akt 3 x'w,w MSP>MSH MSH>MSP MSH>MSP
OMMMMWM | (W UW \r/ ) 3 dod _
10 1 T a3 ¢ + Magnetic field intensity changes at least 40 nT
" = E s pE el 108 g .
1 R el e = * Magnetopause crossing interval is at least 5s
o l v f' fy | i 20° t
ut 1? 40:00 1? 41 40 1}' 43 20 1}' 45 00 1? 46 4{] 17:48: 20 % .
MLT[hr]  05:13  05:14  05:15  05:16  05:18  05:19 Total: 17 KH waveforms
MLAT[®] -31.87 -29.83 -27.68 -25.38 -22.93 -20.31 .
ALTRw]  1.16 1.10 1.03 0.96 0.89 0.82 Period : ~40s
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4 Case Study * Pre—dawnside Magnetosphere
Energy Transport: 30mHz Compressional ULF waves

Pre-Dawnside Magnetospheric Waves

207
m'z

_20-...11....1....1....1....1....1....1..

uT 17:54:10 17:55:00 17:55:50 17:56:40 17:57:30 17:58:20 17:59:10

MLT[hr] 05:24 05:25 05:26 05:27 05:28 05:29

MLAT[®] -9.47 -7.67 -5.78 -3.81 -1.76 0.39

ALT[Rw] 0.58 0.54 0.51 0.47 0.44 0.40

« 8 compressional waveforms
* Period: ~35s (similar to KH waves’ period)
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Particle Transport: lon-Bernstein Modes
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uT 17:54:10 17:55:00 17:55:50 17:56:40 17:57:30 17:58:20 17:59:10
MLT[hr] 05:24 05:25 05:26 05:27 05:28" = [ORES 05:30

MLAT[®] -9.47 -7.67 -5.78 -3.81 -1.76 0.39 2.64
ALT[Ry] 0.58 0.54 0.51 0.47 0.44 0.40 0.37

>~ Wave vectors are perpendicular to the background magnetic field
>~ Waves near proton cyclotron and its harmonics
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4 Case Study ° Pre—duskside Magnetosphere NEL i 5. %

PEKING UNIVERSITY
Pre-Duskside Magnetopause Crossmg
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el wwu L WA 5 magnetopaL_lse crossings
e —— - ¢ « No compressional ULF waves
x> 1 - — e T, o b
39 3 ' o - -
T ET - W v » No ion-Bernstein modes
uT 18:47:30 18:48:20 18:49:10 18:50:00 18:50:50 18:51:40 é
MLTThr] 17:21  17:22 17:22 17:23  17:23  17:24 =
MLAT[®] 2.47 1.38 0.33 -0.70 -1.69 -2.65
ALT[Ru] 0.98 1.01 1.04 1.08 1.11 1.14
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S Why K-H waves in our case are clearer on the

pre—dawnside?

the magnetosphere

(p)

dusk

\ magnetopause
INONEATGI

Fig. 10 [Illustrating the expected
evolution of the
Kelvin-Helmholtz instability
from a linear stage on the dayside
magnetopause to a nonlinear
stage on the flanks of the distant
magnetotail
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[D.G. Sibeck et al., 2011]
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(q)

Reasonl : Pre-duskside waves

may not have fully developed
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Reason2: a quasi-parallel shock on the dawnside (= )@y At % & >4
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and a quasi-perpendicular shock on the duskside
,‘ K-H waves are unstable when: \:
|
: MeMNy 0 vz Lo 82 ¥ SRY: :
: = 1, [k - AV] >Mo [(k-Bq1)* + (k- By)“] |
\ /
Upstream solar wind variability drives observed discrepancies.
Og_(°) Bow shock By (nT)
Dawnside 23 Quasi-parallel 10.8
Duskside 55 Quasi- 23.26

perpendicular
Consistent with Parker Spiral
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6 Why is Liljeblad’s statistic lacking cases on the pre-dawnside?

MOI + 2 years

MOI=Mercury Orbit Insertion
(2011.3.18)

Maybe because of the orbit

Figure 2. MESSENGER Periapsis Altitude during the Primary, XM1, and XM2 Orbital Phases.
Periapsis Latitude Started at 60.0°N, Moved Northward to Peak at 84.1°N, and Then Moves
Southward to 58.1°N at Mission End.
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Orbit Time Length in Each Grid
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« MESSENGER orbit:
changed continuously after 2013.03.18

20 Liljeblad’s statistic:

)

il 2011.3.24 - 2013.9.18

:

— Our case:
2 2014.03.23
P

=

'._

W
o

20

MESSENGER's orbits changed

continuously after 18 March 2013.

o Liljeblad et al. (2014) primarily analyzed
data collected before the orbital change.

10
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6 Why K-H distribution in Liljeblad’s statistical work o
IS different from us?

* Orbit change
* Changes of IMF condition

« Maybe the criteria’
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