
C om plete  s tudy o f 
‘unknow n p lanet’ near the  S un
The innerm ost p lane t M ercury w as a lready 
know n in  the  ancien t days, bu t it w as v is ited  on ly  
by the  M ariner 10  spacecra ft 3  decades ago. 
M ercury is  s till “unknow n” and prov ides im portan t 
keys to  the  so la r system  sc iences.

H istory  o f Inner S o lar S ystem
M ercury ’s  h igh  dens ity  and com position  te ll us  the  
in itia l s tage o f the  innerm ost so la r system .

O rig in  &  S tructure  o f M agnetic  F ie ld
W hy do p lanets  have m agnetic  fie ld?   M ercury  
p rov ides the  firs t chance to  com pare  the  m agnetic  fie ld  
w ith  E arth .

M agnetosphere: S im ilar o r D ifferen t ?
M ercury ’s  spec ia l m agnetosphere w ithout th ick  
a tm osphere  w ill p rov ide  another v iew  o f the  p lanetary  
m agnetosphere.

B aseline  S chedule
2013  Launch
2019  M ercury A rriva l

B aseline  S chedule
2013  Launch
2019  M ercury A rriva l

F irst fu ll-scale  
E uro -Japan  jo in t m ission

Tw o orb ite rs (M P O  &  M M O ) w ill observe  M ercury 
s im u ltaneously  w ith  instrum ents deve loped by 
E uro-Japan jo in t research  team s.

M M O  （M ercury  M agnetospheric  O rb iter）
is  a  sp in -s tab ilized  spacecra ft.  The M M O  w ill s tudy 
m agnetic  fie ld , a tm osphere , m agnetosphere , and inner
in te rp lanetary  space.  C om parison o f m agnetic  fie ld  &
M agnetosphere  w ith  E arth  w ill p rov ide  the  new  v is ion
for space phys ics.

M P O  （M ercury  P lanetary  O rb iter)‏
is  a  th ree-ax is  s tab ilized  spacecra ft. The M P O  w ill
s tudy geo logy, com position , inner s tructure  and the
exosphere .  A bnorm al s tructure  and  com position  o f
M ercury  w ill p rov ide  the  keys fo r the  p lanetary
fo rm ation  in  the  inner so la r system .

M M O [JA X A ]
B epiC o lom bo : M iss ion  to  M ercury  - M M O  pro ject

JA X A /B ep iC o lom bo P ro ject O ffice:  h ttp ://w w w .stp .isas .jaxa .jp /m ercury /JA X A /B ep iC o lom bo P ro ject O ffice:  h ttp ://w w w .stp .isas .jaxa .jp /m ercury /
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Surface

ExosphereMagnetosphere &
Inner Heliosphere

Magnetic Field &
Internal structure

Magnetic field
Structure: Dipole or Multi-pole?
Origin: Dynamo or Crust?

Internal structure
What does internal structure look like?
Why does Mercury have large core?

Global view
Is “analogical view” true ?

- How is “the small-scale magnetosphere” ?
- How is “the current system” without ionosphere ?  

Energetic process
How is the acceleration / heating process ?
How is the scale effects?

Structure & Composition
When and how did the crust form?
Unknown region:  Ice on the pole?  Volcano?

?
?

?
??

Structure & Composition
What is the origin ?
How and why is the fast variability ?

?

Fact: Magnetic field observation at 3rd Flyby of Mariner 10
[Connerney and Ness, 1988]

Model: Internal structure of MercuryFact: Radius-Density relation of terrestrial-type planets

Expectation: Spectroscopy of Lunar surface

Fact: Image taken by Mariner 10

Fact: Optical line image of Na & K

Expectation: Spatial distribution of Na 

Na

Fact: Fast changes of Na atomsphere

Fact: “Magnetosphere”(?) observed in 1st Flyby of Mariner 10
Variation of magnetic field & Unique energetic events

Expectation: Model of Herman magnetosphere

?

Surface / Exosphere / Magnetosphere / 
Heliosphere interactions

How are the relationship between them 
through photon, fields, particles, dusts, etc.?

MMO

SM

CPM
SEPM

M ission  S cenario

M P O

launched by 
S o yuz Fregat 2B

from  K ourou

R ed:
B lue :
R ed:
B lue :

Launch: 2013 A ugust A rriva l: 2019 A ugust

9.3h
400km  x 12 ,000km

2.3h
400km  x 1500km

O bservation : 1  E arth  year

E arth /Lunar sw ing -by
V enus    sw ing -by x 2
M ercury sw ing-by x 2

In terp lanetary C ru is ing
E lectric  P ropu ls ion  

[S E P M ]

M ercury O rb it Insertion
C hem ica l P ropu ls ion

[C P M ]

M C S  =  M M O +M P O +C P M +S E P M
(M ercury C ru ise C om posite  S ystem ) ‏

M M O  S cience S ub -G roup
P ro ject S cien tis t: M . Fu jim oto   (IS A S /JAX A , Japan) 

(D eputy) Y . K asaba (Tohoku U n iv ., Japan) ‏
T. Takash im a  (IS A S /JA XA , Japan) ‏

M G F M agnetic  F ie ld  Investigation  (2  sub  instrum ents)‏
stud ies m agnetic  fie ld  from  the  p lanet, m agnetosphere , and
in te rp lane tary so la r w ind .

P I: W . B aum johann (IW F, A ustria ) 
C o-P I: A . M atsuoka (IS A S /JAX A , Japan) ‏
M em bers: Japan , A ustria , G erm any, U K , U S A

M P P E M ercury P lasm a P artic le  E xperim ent (7 sub -instrum ents)‏
stud ies p lasm a &  neutra l partic les from  the  p lanet, m agnetosphe re ,
and in te rp lanetary so la r w ind .

P I: Y . S a ito  (IS A S /JA X A , Japan) 
C o-P I: J .-A . S auvaud (C E S R -C N R S , F rance), 

M . H iraha ra (R ikkyo U n iv ., Japan), 
S . B arabash (IR F , S w eden) ‏

M em bers:  Japan, F rance , S w eden, U K , Ita ly , C zech, B e lg ium , G erm any, S w itzerland , U S A , Ta iw an

P W I P lasm a W ave Investigation (7 sub -instrum ents)‏
stud ies e lectric  fie ld , e lectrom agnetic  w aves, and rad io  w aves from
m agnetosphere  and so la r w ind .

P I: H . M a tsum oto  (K yo to  U n iv ., Japan) 
C o-P I: J .-L . B ougere t (LE S IA , F rance), 

L . B lom berg (K T H , S w eden), 
H . K o jim a (R IS H , K yo to  U n iv .), 
S . Yag itan i (K anazaw a U n iv .) ‏

M em bers:   Japan, F rance , S w eden, N orw ay, F in land , H ungary, E S A

M S A S I M ercury S od ium  A tm osphere S pectra l Im ager
stud ies th in  sod ium  a tm osphere  o f M ercury.

P I: I. Yosh ikaw a (U n iv . Tokyo , Japan) 
C o-P I: O . K orab lev (IK I, R uss ia ) ‏
M em bers:  Japan, R uss ia , Ita ly, U S A

M D M M ercury D ust M onitor
stud ies dust from  the  p lanet and in te rp lanetary &  in te rste lla r space.

P I: K . N ogam i (D okkyo U niv ., Japan) 
M em bers:  Japan, G erm any
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M M O  P ayload

M E A   low -energy e -

M S A  low -energy ion
M IA  so lar w ind  ion

H E P -e  h igh energy e -

H E P -i  h igh energy ion

E N A  energetic  neutra l a tom

M G F m agnetic  fie ld

P W I  rad io/p lasm a w ave/
e lectric  fie ld

M D M  dust

M S AS I atm osphere (&  surface)‏
im age

In ternal m agnetic  fie ld
S tructure &  D istribution
O rig in  &  Internal structure

M agnetosphere
S tructure, K inetics, P rocesses
S caling  law
E ffect of “boundary conditions”

no-ionosphere,  sm all-scale,   
fast-process, &  d ifferent S W

Atm o sphere (E xosphere)‏
S tructure, V ariation
P roduction  from  surface
Loss to  solar w ind  &

m agnetosphere

S urface/C rust
P resent structure  &  E volu tion
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