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Before Mariner-10 :



● mapping of ∼45% of Mercury’s surface
● exospheric species : H, He, O
● intrinsic magnetic field
● energetic particle injections

Mariner-10

Three flybys : Mar. 29, 1974
Sep. 21, 1974 
Mar. 16, 1975

Christon et al. [1987]

Before MESSENGER :



Ground-based observations (e.g., Na+, Ca+)

Leblanc et al. [2010]

Potter and Morgan [1985]

Before MESSENGER :

Exospheric Na+ content not constant
over a complete Mercury’s cycle



MESSENGER

NASA Discovery mission (planetology)

launch : Aug. 14, 2004

3 Mercury flybys :
Jan. 14, 2008 ; Oct. 6, 2008, Sep. 29, 2009

(quasi-polar) orbit insertion : Mar. 18, 2011
nominal mission : 200 x 15000 km, 12 hours
extended mission : 200 x 10000 km, 8 hours

mission end : Mar. 28, 2015

Hathaway [2012]





EPS+FIPS



MERCURY

Slavin et al. [2009]

MESSENGER
∼600

EARTH ∼20

Different boundary conditions
(tenuous atmosphere, solar wind parameters)
Different spatial and temporal scales

(∼1:8 and ∼1:30, respectively)



Northward offset of magnetic equator of ∼480 km

Anderson et al. [2011]

Intrinsic magnetic field

Anderson et al. [2008]

M1



"bald spot"

Erosion of dayside magnetosphere

Slavin et al. [2014]

Kabin et al. [2000]

Magnetopause closer than expected
in the case of shielding by metallic core induction 



DiBraccio et al. [2013]

Dayside reconnection
Dungey cycle :
Earth : a few hours
Mercury : several minutes

V
in
/V

A
 =

Upstream of Mercury, low Alfven Mach number
(low beta) as compared to Earth
⇒ large reconnection rate regardless of shear

angle (« delta beta - shear condition »,
e.g., Phan et al. [2013])

Intense solar wind forcing

30° average

Measurements (MAG and FIPS) during
MESSENGER « hot seasons »



Slavin et al. [2012]

Flux Transfer Events
(reconnection bursts)

Slavin et al. [2008]

magnetospheric signatures of FTEs

strong core field

bipolar signature

M1



Kelvin-Helmholtz instability

Slavin et al. [2008]

Sundberg et al. [2012]

Paral and Rankin [2013]

M1

Repeated B rotations in
dusk flank characteristic
of K-H driven vortices

Mpause

saw-tooth oscillations

Larger/smaller velocity shear layer with
smaller/larger K-H growth rate on
dawn/dusk sides ?
Mass loading (e.g., Na+) in dawn sector ?
…

periodic Msheath encounters

May 15 2011



Loading-unloading and dipolarisation

Sundberg et al. [2012]

Christon et al. [1987]

Slavin et al. [2012]

Best fit to downtail B decrease Repeated
loading-unloading

Series of large dipolarization events

Field line reconfiguration over short time scales
(∼2 s dipolarization risetime, ∼10 s lifespan)
Efficient (nonadiabatic ?) heating of plasma sheet
populations



Energetic particles

Ho et al. [2011]

Christon et al., 1987

XRSNo evidence of stably trapped
high-energy particles

No energetic particle measurements
from EPS during MESSENGER flybys
(despite observations of loading-unloading, 
e.g., during M3) but indirect evidences
from XRS (caused by bremsstrahlung
of ∼10 keV electrons, i.e., below EPS threshold).

EPS measures only the high-energy tail of
energetic electron bursts.

2011

pulse pile-up of « low-energy » 
(several 10s of keV) electrons

preferential detection near closest approach (every 12 h)



Ho et al. [2012]

Energetic particles
One month of energetic electron data
characteristic of other periods in noon-midnight
configuration (few events in dawn-dusk configuration)

12 h

power law fit

(bullet size
increases with

intensity)

Most intense energetic
electron events near
northern dayside cusp

Some moderate-size
events near local midnight



Zurbuchen et al. [2011]

Magnetospheric populations

Zurbuchen et al. [2008]



Raines et al. [2013]

∆Ф = 30 kV

10 kV

2 kV

Na+

(0.1 eV at ejection)
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Magnetospheric populations
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MERCURY

Yakshinskiy and Madey [1999]

micro-meteoroid
vaporization

solar wind
sputtering

photon
stimulated
desorption

EARTH

different
centrifugal

energization
schemes

∆Ф = 60 kV ∆Ф = 120 kV

escape 
speed

escape 
speed

Centrifugal acceleration : Mercury vs. Earth

gravitational
trapping

7/11Delcourt et al. [2013]



Raines et al. [2014]

Cusp Na+



MESSENGER on March 28, 2015



Magnétosphère structure
composition
dynamique
couplages

morphologie
composition
température

composition
dynamique
sources / puits

Surface

Intérieur

Exosphère

noyau / manteau
composition
champ magnétique

Mercury Planetary Orbiter (MPO)
(ESA, 400 x 1500 km, 2.3 h)

BELA altimètre laser
ISA radio science
MERMAG magnétomètre
MERTIS spectromètre IR
MGNS-MANGA  spectromètre γ-neutrons
MIXS / SIXS spectromètre X
PHEBUS spectromètre UV
SIMBIO-SYS imageurs, spectro visible-NIR
SERENA Search for Exospheric Refilling

and Emitted Natural Abundances
(ELENA, MIPA, PICAM, STROFIO)

Mercury Mercury MagnetosphericMagnetospheric OrbiterOrbiter (MMO)(MMO)
(JAXA, 400 x 12000 km, 9.3 h)

PWI Plasma Wave Investigations
(SORBET, MEFISTO, EWO, LF-SC, 
DB-SC, WPT, AM2P)

MPPE Mercury Plasma Particle Experiments
(MEA, MIA, MSA, HEP, ENA)

MERMAG magnétomètre
MSASI imageur exosphère
MDM analyseur poussières

MPO

MMO

Bepi Colombo



« End member » magnetosphere :

Proximity to the Sun (IMF)
Tenuous atmosphere
Weak planetary magnetic field
(North-South asymetry)
Slow rotation (58.6 days)

Magnetosphere similar to that of Earth
but very dynamical

Contribution from Bepi Colombo :
Intrinsic magnetic field
Wave, plasma and energetic particle
measurements

Multi-point measurements (?)
…


