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MESSENGER

Overview

* Focus is on ULF waves with frequencies > f_,_,
* IMF Bz is Northward for January 14t flyby M1.

* IMF Bz is Southward for October 6t flyby M2.

* Comparison of these waves for different conditions.

* For both M1 and M2 flybys little ULF activity was
detected until just before closet approach (CA).
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MESSENGER

M1 Flyby
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MESSENGER
M2 Flyby
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ULF Waves are observed primarily between the Helium
+ and H+ cyclotron frequencies

a. b.
MESSENGER Flyby 1 18 hrs Jan. 14, 2008 MESSENGER Flyby 2 8 hrs Oct. 6, 2008
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Min:Sec 55:00 00:00 05:00 10:00 15:00 30:00 35:00 40:00 45:00 50:00
Xmso -1.66 -1.31 -0.88 -0.36 0.18 -1.79 -1.33 -0.80 -0.19 0.44
Ymso 0.86 0.11 -0.63 -1.32 -1.94 0.48 -0.13 -0.73 -1.26 -1.71
Zvso -0.01 -0.05 -0.09 -0.11 -0.13 -0.03 -0.05 -0.06 -0.07 -0.08
R(Rm) 1.87 1.31 1.08 1.38 1.96 1.85 1.34 1.08 1.28 1.76



Polarization Analysis for Selected Events
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LOCATION of ULF WAVES

PSEUDC INVARIANT LATITUDE
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MESSENGER

- Table 1. Comparison of ULF Wave Properties Between Mercury
Flybys M1 and M2*

M, M,
ALL <CA CA-BL BL ALL <CA CA-BL BL

N 81 17 53 11 86 31 36 19
/(Hz) 1.or 1.17  1.03 068 1.02 122 1.14 0.74
FWHM (Hz) 040 048 039 038 044 043 0.55 0.40
Jupe 0.51 058 045 064 059 0.71 0.62  0.35
RIGHT HAND 65 8 47 10 39 7 21 11
i > 45° 67 16 44 7 72 26 28 18
POWER ||>L 34 14 20 1 39 17 15 7
nT*/Hz 0.15 009 013 6.63 049 0.18 050 33.89
ey/es 027 022 028 028 0.23 0.24 0.23 0.24

Right handed tendency, Wave Normal Angle>45° and
significant compressional component suggests fast
magnetosonic.

LHR and lon-lon resonances can quasi-trap these
waves around the magnetic equator.
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Why Fast Mode Waves can become Quasi-trapped by ion-ion
resonances

Index of Refraction surfaces at different points along an L-shell of 1.08, assuming that the perpendicular component of the
0.55339

index is conserved
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Quasi trapped Fast Mode Waves at Mercury

FREQ=0.213 Hz
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Conclusions

During M1 and M2 narrow band ULF waves between f_,_, and
f.., were detected by the MESSENGER Magnetometer prlmarlly
Sutbound from the closet approach( CA).

For M1 these waves increase in both frequency and amplitude
from CA to the boundary layer (BL), followed by a step-like
decrease in frequency across the BL with a large amplitude
Increase. For M2 the systematic increase between CA and the
BL was not apparent in the dynamic spectra.

Near CA the compressional component is dominant, near the
outbound MP the tranverse component become dominant.

Polarization Properties of these waves show a wide range in
ellipticity and in wave vector orientation.

The wave power in the BL is about 4 times larger for M2
compared to M1.

The waves have a magnetosonic component.



ULF Wave examples

MESSENGER Flyby 1 19 hrs. Jan. 14, 2008 " MESSENGER Flyby 2 8 hrs. Oct. 6, 2008

-+— Boundary Layer ~+— Boundary Layer

Min:Sec 09:40 10:00 10:20 10:40 11:00 11:20 11:40 43:30 43:50 44:10 44:30 44:50 45:10 45:30
XmMso -0.40 -0.36 -0.33 -0.29 -0.25 -0.22 -0.18 -0.37 -0.33 -0.29 -0.25 -0.21 -0.17 -0.12
YmMso 1.28 -1.32 -1.36 -1.41 -1.45 -1.49 -1.53 111 1145 118 -1.21 -1.24 -1.27 -1.31
Zmso -0.11 -0.11 -0.12 -0.12 -0.12 -0.12 -0.12 -0.07 -0.07 -0.07 -0.07 -0.07 -0.07 -0.07
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1000 -
Fast magnetosonic mode waves between
fon, and F ., are locally confined in ]
latitude near the Earth's equatorial g
plasmapause [Boardsen, 1992]. 3
g
100 -+
The lower hybrid resonance frequency 1
distorts the index of refraction surface E :
confining these waves about the l, R II I:
magnetic equator. Their source are ik LR PR SR S S A e 3 PR T
proton shell distributions. Time 126 139 153 206 219 233 HHMM
RE 4.35 4.20 4.02 3.80 354 325 RE
L 4.4 4.2 3.9 38 36 36
MLAT 813 a7 1.1 6.4 123 19.1 deg

At Mercury the ion-ion resonances would
distort the index of refraction surface

175 Hz

leading to their equatorial confinement.
Their source would be due the the Velocty
large loss cones in the inner
magnetosphere of Mercury.

Problem: Can the perpendicular I "}Q e -
component be explained by this j Y A g
mechanism?
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DE-1 Ex-Antenna Wide band data of Equatorially

Trapped Fast Magnetosonic Waves at Earth

200

Frequency {Hz)

0

RE 4.2 4.2 4.1 - 4.0 4.0
MLAT 2.7 1.1 -0.4 —2.1 -3.8
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