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Nature’s original patterns are
reproduced on various scales
and in various contexts
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e magnetic field e magnetic field
e energetic particles e energetic particles
e plasma (ions)

MMO : comprehensive
plasma instrumentation
MPO : e magnetic field
e ions and neutrals
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1. Different = Different science possibilities

Cycle 24 Sunspot Number Prediction (September 2012)
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— MESSENGER flybys

-Ll’dgriner 10 flybys

McNutt et al. [2012]
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2. Different = Different science possibilities

MESSENGER 29 Sep 2011 (DOY 272)
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2. Different = Different science possibilities

MESSENGER 29 Sep 2011 (DOY 272)
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2. Different = Different science possibilities

MESSENGER 29 Sep 2011 (DOY 272)
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2. Different = Different science possibilities
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= field-aligned currents [Blomberg and Cumnock, 2004]
= « offset dipole » versus « dipole + quadrupole » ?

Lowsaltitude B sampling in northern hemysphere
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3. Different = Different science possibilities
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3. Different = Different science possibilities

Bepi Colombo science:

Interior - Core/mantle, composition, magnetic field

Surface - Morphology, composition, temperature

Exosphere - Composition, dynamics, sources/sinks, coupling

Mercury Planetary Orbiter (MPO, ESA)
BELA laser altimeter
ISA radio science

MERTIS IR spectrometer

MGNS-MANGA y-neutron spectrometer

MIXS / SIXS X spectrometer

PHEBUS UV spectrometer

SIMBIO-SYS imager, visible-NIR spectrometer

Mercury Magnetospheric Orbiter (MMO, JAXA)

exosphere imager
dust analyzer




3. Different = Different science possibilities
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FIPS 150°
FOV (red)

MESSENGER Top View

Raines et al. [2010]

FIPS Aperture

Three-dimensional lon Distributions

FIPS ion measurements :

- full energy range (0.05-13 keV/q) scanned in 8 s
- 15° angular resolution over 1.4t steradian FOV
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distribution of these N particles

N particles in 3-D volume element in 3-D velocity space Thl‘ ee'dimenSi Onal Ion DiS tl‘ ibu t i On -

of configuration space , cold beam, )

MMO @ ISAS, Mare

D distribution function f =
3D distribution function dx dy dz dv, dVy dv,

2
It is measured indirectly from directional differential flux : f —- J
. ) ) i C 2E
j being obtained from patrticle count rate : j=_L
GE

= 0 order moment = number density
== 18t order moment = bulk velocity
= 2nd order moment = pressure tensor

Hence, information on particle populations and dynamics

Onboard MMOQO, 3D distributions obtained in 1 s
- electrons from MEA 1-2 (3 eV/q - 30 keV/q)
- ions from MIA (5 eV/q — 30 keV/q)
and MSA (1 eV/q — 38 keV/q ; mass : 1-60)




Three-dimensional lon Distributions
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Three-dimensional lon Distributions
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Three-dimensional lon Distributions
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\ Three-dimensional lon Distributions
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SEQ 4B72 STAT 4 TM 6 TLC- 1 ORE @32 MADE 511
DATE 26 MAY 1983 TIME 19.14.0.880 UT ROT

Electron measurements
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Bosqued et al. [1986]




SEQ 4B72 STAT 4 TM 6 TLC- 1 ORE @32 MADE 511
DATE 26 MAY 1983 TIME 19.14.0.880 UT ROT

Electron measurements
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SEQ 4B72 STAT 4 TM 6 TLC- 1 ORE @32 MADE 511
DATE 26 MAY 1923 TIME 19.14.@.880 UT ROT

Electron measurements
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Electron measurements
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Electron measurements
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& [ndirect evidences of energetic electrons
from XRS (caused by bremsstrahlung
of ~10 keV electrons).

& EPS (25 keV-1 MeV) measures only Ho et al. [2011]

the high-energy tail of energetic electron bursts.
Onboard MMO, 3D distributions obtained in 1 s

- electrons from MEA 1-2 (3 eV/q - 30 keV/q)
- ions from MIA (5 eV/q — 30 keV/q)
and MSA (1 eV/q — 38 keV/q ; mass : 1-60)




Enerqgetic particles

One m@th of energetic electron data
character@t/c of other periods in noon- mgzln/ght
conf/gumtaﬁon (few events in dawn- duska c‘bnf/gurat/on)

Onboard MMO : 38
e HEP-electrons : 500
30-700 keV
(FOV : 20°x130°)

Energetic electron events

Energy (keV)

e HEP-ions :
30-1500 keV
(FOV : 11°x110°)
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Ho et al. [2012]




Plasma Wave Investigation (PWI) onboard MMO

| v
P4 MEFISTO

LF-SC/DB-SC |
wPT /

= two sets of E field sensors : MEFISTO, WPT \
[DC-10 MHZz] ‘
two sets of B field sensors : LF-SC, DB-SC .
[1 Hz-20 kHz, 10 kHz-640 kHz]
three sets of receivers : SORBET, AM2P, EWO

MEFISTO A f wpPT

Apnl 19, 1977

= MEFISTO, WPT (spin plane) : /&f Tles
\..:#wﬂ/\

e first in situ E-field measurements
in specific environment (lack of conducting ionosphere that limits potential drop,
dipole offset leading to precipitation asymetry...)

e plasma convection (DC), ULF wave, substorm phenomena (induced E-field), :
field-aligned currents (current closure), coupling with solar wind and T w W w
characterization of upstream electron populations, SlE
Hermean Kilometric Radiation (trapped below 80 kHz). ..

58 19 00

= | F-SC (spin plane), DB-SC (spin axis) :

e many scientific goals (identification of magnetospheric
regions and boundaries, substorms, wave-particle
interactions, solar wind monitoring, turbulence...)
that all include wave mode analysis
(e.g., whistlers, KAWSs, EMIC...)

Magnetic Field Intensity [dBnT/Hz'?2]
(for free space mode)

Equivalent Electric Field Intensity [dBV/m/Hz'?]

10 100 1k 10k
Frequency [Hz]




Plasma Wave Investiqgation (PWI)
onboard MMO

Fundamental frequency of magnetized plasma :

SORBET :
Continuous spectral power survey along MMO orbit with
= Thermal Noise Receiver (2.5 kHz - 640 kHz)
e quasi-thermal noise spectroscopy
(mapping of electron density and temperature,
both core and halo)
e radio wave detection
(trapped cyclotron waves,
direction finding and polarisation)
= High Frequency Receiver (500 kHz - 10.2 MHz)
e solar activity monitoring
(emissions of type I, Ill, CMESs)
e synchroton emission of radiation belts (?)

AMZP :
Active experiment using mutual impedance principle
that provides electron density and temperature (128 Hz-143 kHz)

EWO :

Detector and frequency analyzer
E-field (DC-32 Hz and 10 Hz - 20 kHz)
B-field (0.1 Hz — 20 kHz)

Voltage power spectrum (107 "2Hz™1)

Temperature (K)

10

19910603 170331

Thermal Noise

20
Frequency (kHz)

Meyer-Vernet et al. [2000]

Plasma Frequency (kHz,
quency {ithiz) x4 640 1000
.

sheath ?

Mercu y
magnértyospheric
cavity ?

10.0 100.0 1000.0 10000.0
Electron Density (cm®)

Moncuquet et al. [2006]




Global Structure/Region ldentifications oo

———— Plasma Wave Investigation (PWI)

— ; N _— « Reconnection?
e

I g _ i Currf:nt e 7 ue Pa:tiaeqccveieraﬁon Onboard MMO

g Cyclotron waves E!ectron!l&\holes
\
\

Global Convection EXB
\

\
|
I

\
| Trapped particles ?
|

/ 'Whistler mode waves !

!
/
f
/
| Electron/lon héles

: 5 :
Sputteredlon pickup  current closure — — T Particle acgeleration
Dissipation on Surface ? -
Alfvenyaves : arg,
~ ’Bs—/ﬁsccmneclion?

~

= Receivers Sensors

EWO SORBET WPT MEFISTO LF-SC

Structure of the magnetosphere

Identification of regions and boundaries of the magnetosphere
Global plasma convection

Global profile of plasma density and temperature

Current closure/dissipation at low altitude

Plasma wave propagation

Dynamics of the magnetosphere

Solar wind—magnetosphere coupling

Response of the magnetosphere to large-scale solar wind structures
Nature of Herman substorms

Magnetosphere—exosphere coupling

Search for transient radiation belts

Energy transfer and scale coupling
Reconnection
Identification of auroral processes

Wave—particle interactions
Nonlinear kinetic processes
Non-gyrotropic effects

Solar radio emissions and diagnostics

Space weather/observation of key parameters

Opportunity of stereoscopic observation

Characterization of solar radiations (interplanetary shocks and electron beams)

Kasaba et al. [2010] Dust impact measurement




ENA imaqging

Before

Precipitating ions (up to ~3 keV)

H 20-50keV 12Dec 2340 - 13 Dec 0020 13 Dec 2004 00200100

12 Dec2004 2300-2330 from the magnetosphere

saturn ¥
— P=8
13 Dec 2004 0052-0108 13 Dec 2004 0100-0140 13 Dec 2004 0228-0244

13 Dec 2004 0420-0536 13 Dec 2004 0732-0848 13 Dec 2004 1028-1108

Brandt et al. [2008]

Brandt et al. [2005]
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The scientific objectives behind BepiColombo can be viewed by considering the following 12 questions :

. What can we learn from Mercury about the composition of the solar nebula and the formation of the planetary system?
. Why is Mercury's normalized density markedly higher than that of all other terrestrial planets, Moon mcluded’?
. Is the core of Mercury liquid or solid?
. Is Mercury tectonically active today?
. Why such a small planet does possess an intrinsic magnetic field, while Venus,
. Why do spectrosgapic.o veal thy ,.liesence of any iron, while thigle
constituent of MEIGUE Jii
7. Do the perman” shad ‘ he po "ns contain sulphur or waje®
8. Is the unseen h¢MISPREIEION ?,, '- =Z WAGliferent from that imaged by Malfiiie
9. What are the proSiiGHOR RISCHRRISHIS OF , ore”
10. In the absencclSiSMRIGRBS DRSO i8R tic field interact with the
11. Is Mercury's magnetised envirpnment ised by features reminisce
and magnetospheric substorms obst arth ?
12. Since the advallcaiBRMSIC! perinelionWas fed in terms of space-timé
of the proximityORISESHE ' improved accuracy?
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International Living With a Star
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MESSENGER Mission News
April 16, 2015
http://messenger.jhuapl.edu

NASA Celebrates MESSENGER Mission Prior to Surface Impact of Mercury

NASA'’s highly successful MErcury Surface, Space ENvironment, GEochemistry, and Ranging (MESSENGER) spacecraft is coming to the end of its operations.
Mission engineers predict that the probe — out of fuel and under gravity’s spell — will impact Mercury on April 30 at more than 8,750 miles per hour
(3.91 kilometers per second).

The spacecraft launched on August 3, 2004, and travelled more than six and a half years before it was inserted into orbit about Mercury on March 18, 2011.

The original plan was to orbit the planet for one Earth year, collecting data to answer six critical questions. But new questions raised by early findings motivated

two extensions of orbital operations for a total of three more years. Moreover, through a series of technological innovations, MESSENGER’s engineers devised

a way to save fuel early on and leverage helium gas later, paving the way for a final one-month extension that enabled mission scientists to continue to acquired
novel, low-altitude measurements of the planet closest to the Sun.

“MESSENGER had to survive heating from the Sun, heating from the dayside of Mercury, and the harsh radiation environment in the inner heliosphere, and the
clearest demonstration that our innovative engineers were up to the task has been the spacecraft’s longevity in one of the toughest neighborhoods in our

Solar System,” said MESSENGER Principal Investigator Sean Solomon, director of Columbia University's Lamont-Doherty Earth Observatory.

“Moreover, all of the instruments that we selected nearly two decades ago have proven their worth and have yielded an amazing series of discoveries

about the innermost planet.”

In a briefing at NASA Headquarters today, MESSENGER scientists and engineers ticked off the top science findings and technological innovations from
the mission. Near the top of the list of science accomplishments is having provided compelling support for the hypothesis that Mercury harbors abundant water
ice and other frozen volatile materials in its permanently shadowed polar craters.

“The water now stored in ice deposits in the permanently shadowed floors of impact craters at Mercury’s poles most likely was delivered to the innermost planet
by the impacts of comets and volatile-rich asteroids,” says Solomon. “Those same impacts also likely delivered the material in the dark layer discovered by
MESSENGER to cover most polar deposits and interpreted, on the basis of its sublimation temperature and low reflectance, to be carbonaceous. By this
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