lllustration ®E Inflow
of magnetic reconnection

occurring at an x-type magnetic
neutral line. Plasma and
magnetic field flow in from the
top and bottom of the figure
and flow out toward both sides.
Only in the diffusion region,

where R, <1, is plasma not tied
to magnetic-field lines.
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Gyro Motion

Schematic of
particle motion in a magnetic
field. On time scales of
gyroperiods, the particle spirals
about the magnetic field (see
illustration of gyromotion at the
left). If there is a field-aligned
gradient of the field strength, the
component of velocity parallel
to the field decreases as the
particle moves into regions of
increasing field magnitude,

Bounce Motion

Drift Motion

although the total velocity is
conserved. Eventually, the
parallel velocity reverses. The
reflection of the parallel motion
is called “magnetic mirroring.”
Motion between mirror points is
called bounce motion (central
panel). As the particle bounces,
it also drifts about the source of
the field, tracing out a drift shell
(see the right-hand illustration).
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luiMa AND POTEMRA: FJELD-ALIGNED CURRENTS DURING SUBSTORMS
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I Current into ionosphere
(a) Current away from ionosphere (b)

Fig. 13. A summary of the distribution and flow dicections of large-scale field-aligned currents determined from (a) data
obtained from 439 passes of Triad during weakly disturbed conditions (|4L| < 100 ¥) and (b) data obtained from 366
Triad passes during active periods (|AL| = 100 ).
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Sequence of events in the magnetotail during a substorm. White arrows indicate
plasma flows. The plasma sheet is bounded by field-line 5. N” is the second neutral line
that forms in the substorm, and picture 8 shows the plasmoid being expelled down the
tail. (E. W. Hones, in Magnetic Reconnection (ed. Hones). A.G.U. Monograph 30,

1984)
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Coordinate System

» Geocentric (Geographic), Geodetic

» Centered Dipole (Geomagnetic, MAG)

 Invariant latitude (Mcllwain L-value)

» Eccentric Dipole/Geomagnetic (EDM/EGM)

» Corrected Geomagnetic (CGM)

» Altitude Adjusted Corrected Geomagnetic (AACGM)

» SM(Solar Magnetic)
 GSE(Geocentric Solar Ecliptic)
 GSM(Geocentric Solar Magnetospheric)

Geomagnetic Field Model

* IGRF (International Geomagnetic Reference Field)
» Tsyganenko field model




Geographic & Geodetic

a=16378.16 km
a=6371.20 km
b =6356.77 km
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Altitude Adjusted
Corrected Geomagnetic

Geomagnetic (MAG)

m Definition:

— 7 axis goes thru the center of the earth and is aligned
with the magnetic dipole (as defined by the IGRF
model).

— Let D be vector from origin to south magnetic pole.

Let S be vector from origin to south geographic pole.
Y=Dx8§
» So X is in the plane defined by D) and S.
m Convert from Cartesian to Spherical coordinates to
determine magnetic latitude and longitude.

MAG advantages and
disadvantages

m Advantages
— Very easy to calculate
— Orthogonal system and transformation from geographic
to MAG is simply a rotation matrix.
— Inverse transformation is the transpose (inverse) matrix.
m Disadvantages
— Ignoring the non-dipole terms of the magnetic field
leads to serious inaccuracies.

— Coordinates are NOT constant along a field line.

Eccentric Dipole (EDM)

® Find Z (not thru center of earth) such that if
you expand the magnetic field in spherical
harmonies, the quadrupole term is
minimized.

m Once Z is determined, X and Y are defined
as in MAG.

EDM advantages and
disadvantages

m Advantage:
— More accurate that MAG for ordering data (but
still not really accurate enough).
m Disadvantages
— Transformation from geographic to mag is
more difficult because a translation as well as a
rotation is involved.
m Advantage
— Orthogonal system with well defined inverse




Mcllwain B,

m Based on adiabatic invariants. Defines drift-
shells.

m L is the measure of the distance from center
of earth to the drift shell in the magnetic
equator IF THE FIELD IS A DIPOLE.

— L can still be defined for non-dipole fields and
still defines a drift shell

— Drift shells are NOT magnetic shells (defined
by field lines)

(B.L) advantages and
disadvantages

m Excellent coordinate system for describing particle
drifts in the magnetosphere.
m Does not exactly show magnetic conjugate
relationships, however.
— If your data is organized by particle drifts then this is an
excellent coordinate system to use.
— If your data is organized by magnetic conjugacy it is
not so good.
m For non-dipole field it is not orthogonal and does
not have a simple inverse. And it is complicated
to calculate.

CGM advantages and
disadvantages

m Advantage: Very good for working on data
in the ionosphere.

m Disadvantages:

— Points on the same field line have different
coordinates — does not show conjugate
relationships.

— Not an orthogonal coordinate system
» Calculation is difficult

» Inverse 1is difficult to determine

More on CGM
disadvantages

® You must trace to dipole equator

— If you use a strictly internal magnetic field model
(IGRF) there are no open field lines | so that’s OK], but
there are low latitude field lines that never cross the
magnetic equator.

— If you want to include the effects of external fields then
the high latitude lines can be open field lines and don’t
cross the equator.

» Papitashvili, et al. have suggesting tracing to the minimum B
pﬂll“.

— You therefore have patches where CGM is not defined.

Corrected Geomagnetic
Coordinates

m Introduced by Hultquist and and Gustafsson
[JATP, 1960]

m Start at a point, P (in the ionosphere at some
altitude)

m Follow the magnetic field line out to the
Dipole equator using the full magnetic field
model.

m Trace back to your original altitude, but
using only the Dipole field.

CGM definition

m The new point, P* will be at the same
altitude as P, but at a different latitude and
longitude.

= Assign the MAG latitude and longitude of
P* to the original point P.

m NOTE: the tracing backwards isn’t really
necessary. We know the equation defining
a dipole magnetic field line, so the
calculation is trivial.

Altitude Adjusted Corrected
Geomagnetic Coordinates
(AACGM)

m Originally referred to as the PACE (Polar
Anglo-American Conjugate Experiment)
Geomagnetic (PGM) coordinate system.

m Original reference:

— Baker, K. B. and S. Wing (1989). “A new
magnetic coordinate system for conjugate
studies at high latitudes.” Journal of
Geophysical Research 94(A7): 9139 -

AACGM Concept

m Use the same basic approach as CGM but
with differences:
— No matter what point you start at, trace back all
the way to the ground. This means all points on
a field line have the SAME latitude and
longitude.
m Define the coordinate transformation in
terms of an expansion in Spherical
Harmonics.
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Principle and Technique
for Space Electric Field and Plasma Wave
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Electrostatic Energy Analyzer (ESA)
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Figure 2.23: A schematic cross section of the Wind FC instrument along its symmetry axis showing
the entrance aperture, the modulator assembly, the limiting aperture, the suppressor grid, and the
collector plate (oriented perpendicular to the page), which is split into two semicircular plates.
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Requirements for Space Plasma Particle

Instruments onboard Spacecraft in Space

» \Wide energy coverage is necessary because the space
plasma distribute over the wide energy range.

» Wide field-of-view (FOV) is required because the velocity
distributions of the space plasma could be anisotropic or
drifted in a certain direction.

e 3- or 2-dimensional velocity distribution functions should be
obtained independently for electrons and ions discriminated by
their species.

v’ Several types of instruments for electrons and ions based on
appropriate techniques for energy/flight direction/mass
analyses and particle detection are applied in each mission.

v" The combination of wide FOV, for instance, using a planar
FOV up to 2r rad. with only a half spin motion of spacecraft
can realize the whole coverage over the full solid angle, 4= sr.
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Figure 2.33: Schematic diagram of a toroidal top-hat analyzer with a spherical top-hat. The radius
R4 is chosen to provide a continuous curved surface by matching slopes at the interface between
different curvatures. From Carison and McFadden [1998].
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Low-Energy Electron Instrument
(Reimel Satellite, ISAS/JAXA)

Electron energy (K)

<€ +3~+3000 V
12 eV ~ 12 keV Cylindrically symmetric
Incoming C‘P GND

Charged Particles
PLLE FOV o
%%%%%%%%%%%%%%%%%%%%Z%%%%%%%%%%%%%%%%%%%

Electron
lSpLecmftstructure
~ 4 PIEYZ W PN — A\
IPUE[EC[Oir (UVICF) IP
|

Electrostatic Energy
i | U —

Spececraft structure
|

Pulses dependent on flight directions

Pictures of Low-Energy

Electron Instrument
(Reimel Satellite, ISAS/JAXA)

High-voltage power

Weight: 1.4 kg | | supplies for electrostatic
Power: 2.4 W | | energy analyzer (lower)
and MCP (upper)

e
D2

J /

' )

P AY
4

/4
0242682119




electric analyzer

ions |fso
SRR T focal piaone

Figure 2.38: High-performance double focusing mass spectrometer of the Mattauch-Herzog design.
From Nier and Schuttier [1985].

DEVELOPED VIEW
" B1 G B3 S B RADIATION SWIELD .
(]

\, AL =
-—-—-_._.___'___'___LJ_lLI:______ \_:' =

ENERGY DETECTOR:
PAEAMPLIFIER
/LCHANNEL ELECTRON MULTIPLIER

74

RADIATICN  SMIELD

e

WELIFIER
ELECTRON MULTIPLIER

S a—— =
— :IJIIIIIIU'I?IfI-|!|||||'|i|’\1~'\|.|I||=UHI||_i|51|lJJ

ENTRANCE SuiT 81 MONEYCOME BASE PLATE
SATELLITE SKIM \ RAPTON SEAL st 53

e

DRFT REGION WITH —| _ |
LIGHT BAFFLLS

RETARDIMG POTENTUAL L 3 J
AMALYZER 1
B2

Iz

0Nz
L]

W




GeotaMA I4T>I*)b¥—ﬁﬁﬁj\$ﬁ%§

CPU 6-hit address counter

mass distribution

Pulse- Peak- b,
Pre-Amp Shaplng Hold B“ffef ><5 SetS

total count
SUM Comparator Counter
| FAD
TP

re-Amp Fulse- Peak Buffer

Shaping Hold Li |
C-BOX ping ||
T {A-Electrode) FAD

(B-Electrode) »—{Anode) Low Gain
{C-Electrode) J &

{MCP-out)
(MCP-in)

—(Mesh)—

Mass
Spectrometer
Svy| °F

TL Retarding) 4+5 / +10 E]

= Collimator

1

Jonsa A

NOHNEBHBARENFIRIILET—71%

(Electron/ Ion Energy Spectrum Analyzer:
ESA/ISA)

b

Incoming Collimator |
Charged Particles |

Electron

FOV

Spececraft structure S
L

I~ . .Detector. . -

E Spacecraft structure
[ ]

T T

3000V * 20 keV/12 keV =5 kV
3000V * 16 keV/12 keV =4 kV

0 20mm




Sectional view of ESA/ISA

Incoming |

Charged Particles ———0 = F—/—r/—1

Sweeping HVl

FOV

Spececraft structure T

Multi-anode MCP for Obs. T |
and APD for Cal. (ERG) !

Spacecraft structure -

—

Q

V.

02:26/ 2119

L]

A

MCP anode
pattern

R ERERIGR

Position
Hit pusiti o TDC Table
a‘fpﬂ.rtic]e I
\ Counter
/Pu]se ofcharge (30 channels)
yoll RAM
Pulse of charge Satellite
CPU system
INDEX/ESA Preamp#3 INDEX /ISA Preamp#5

0.6F L 0.6F L S

0.5E 3 05F 3
Y E E ] E 3
= = E = = 3
[ E 3 [ E 3
= 04F 4 = 04F =
o E 3 o E 3
= | 9 =] | |
o E 3 o E 3
o E 3 o E 3
o 03F 3 - 03F E
w E 3 w E 3
= E E E E
£ 02F 4 g o02fF =
] E s B E B
o E 3 0 E 3
= E B =4 E E

015 = 015 =

O.OZ‘ ) N | OOZ , ) ) ) N ) |

—200 —100 0 100 200 —200 ~100 0 100 200

Position [deg](5.20 x TOF channel)

Position [deg](5.20 x TOF channel)




ESA/ISAD IR ILX—-HEILE

ESA ISA

XEER  FIEER RERER FEGR

ESA Energy - Alpha diagram ISA Energy - Alpha diagram

Experiment Ray-tracing Experiment Ray-tracing
50 T T T T T T T T LI LI T aor T LI 30 T T 1
5 45 45F 45 1
g 3 g | £ !
) i = s |
& & ]
2 2 é - 2 1
K] G = 5
T a0 S 40 % a0t o 40b 1
& & ] &
g g g g
i i i § |
sk 35 asp 35 1
io | 1 in | ol | 0 ]
L] 4 2 (1] 2 L 4 2 a & 4 2 o L] 4 2 (] 2
Azimuthal Angle[deg] Azimuihal Angle{deg] Aziauthal Anglefdeg] Azinuthal Angle[deg)
Gefactor = 6.3 x 107Tem’ o 6 VieV/22 59 Gefacter = 6.2 x LO¥em? or £V/eVI22 57 Gefactar = L1 x 10 ¥em® & eVieV22 50 Gefacter = L0 107 Tem® or 6VI2VI 2259

Low-Energy lon Instrument
(FAST Satellite, NASA)

400 mm

\4

500g

- T
400 S

| / Electrostatic P j

erjl_ergyha?talyzemrm;\; Ultra-thin
o (Top-hat typejms @+ /carbon foil

y|
0 l‘\
R
N =]
A
\

|
Elemrons,i.‘
)

Protection Grid jﬁ
-15to -25 kV
-400 -300 -200 -100 0
R-Directio e

TOF (Time-Of-Flight) gL | J. 4=
mass (velocity)  -*|-
spectrometer 1

MCP




Electrostatic
Analyzer

DEVELOPED VIEW
B2 G B3 51 Bi  RADIATION SMIELD

ENERGY DETECTOR:
PREAMPLIFIER

m
Uacc © = \ . \ // 5 CHANNEL ELECTRON MULTIPLIER
! / T : B T If - RADIATION SHIELD
_ / — C-Foil T L_!]}b“_‘_————_ MASS DETECTOR:
2 2 i TLECTRON MLTIPLIER
TOF - Section o lons = —Pei
o S TP i
Ug o— T i ‘ A
el R U e N T T T I
l | iI ! ENTRANCE SUIT 81 HONEYCOME BASE PLATE INSULATING FEET 53 WITH BAFFLES
Semi-Transparent | | I Semi-Transparent SATELLITE_ SKIN KAPTON SEAL sut 5
Grid \\“_‘__"._ / \ | 4 Grd T i
\ F
“T:En?‘ﬂrfég" WAVE SHIMS HOUSING
,—'//u-t!ru SHIELD
RETARDING POTENTIAL | 1
AMALYZE : | MaONET
§ !m [——uass ANALYZER
T st _ PLATES
:::1 B LE._ L\ml SHOE
— Ui
Stop SECTION A-A
‘ L wem i
SF Ur SFR

Figure 2.43: A schematic showing the Cluster CODIF TOF principle of operation. The top portion

of the figure depicts the motion of an ion through an electrostatic analyzer and accel

lerated by the

electrically biased carbon foil. The secondary electrons produced by the ion passing through the foil
are steered by biased electrodes to the left hand side of the MCP to create the START signal while
the ion continues on a linear path to the right hand side of the MCP to produce the STOP signal. The
bottom portion of the figure shows the processing of the signals from each side of the MCP to the
Time-to-Amplitude Converter (TAC) that provides the measure of the time-of-flight of the ion. From

Réme et al. [1997].

SELENEZ & A1

S HTER (IMA)
(ES-Deflector-RPA -
ESA-EF-TOF)

IMA-EA

v'Electrostatic energy analyzer

v Angular scan

v'LEF(Linear Electric Field)
TOF velocity spectrometer

MgO plate

Carbon foil

v’ Sensitivity control IMA-MA

1. Energy per charge (E/Q)
2. Velocity

Printed
resistors

Reflection /] MCP/

end

1 & 2 — Mass per charge (M/Q)

Angular scanning
deflectors

3. Sensitivity
- control
” electrodes

& Spherical
deflectors

Inner: -V
Outer;: GND

|_ Post acceleration

-15kV
T Ceramic cylinder

+15kV

: Center anode
Start grid

*). Neutral, negative ion
or highly energetic ion

1-D resistive anode

3cm

- »




TOP-HAT
Front End

e INHEEBERAC D

ELECTRO-

MCP Energy ﬁ\nalyzer
1

PREAMPS (8)

STATIC

DEFLECTION
ELECTRODES
TOROIDAL
ra -.
/

ANALYZER

|
o S ] | =
TOF ~
REGION )
IONS/ 7777
NEUTRALS
-10kV
——— SECONDARY
TOF HV\ ELESTRONS Acﬁmelgs'l-o-n
MISC.—~_|
LOGIC STOP MCP -
HV e Wl
e —-"% 8/ T
! I8l  PREAMPS (8) F— e
/ 2 oo SPACECRAFT g R AU
‘ CONNECTOR A AT —
e 10~ | 15cr ‘l\_ —tn i LEF Region =
SONVERTER MICRO- —— A egion T
PROGESSOR - ' TEpZ =
E— _—

AND S/C
INTERFACE

——————————————————

HV Divider string

\
I W Y
ik \

~—

ST Stops
Starts

. Dwnded Anode

v'Electrostatic energy analyzer
v'TOF velocity spectrometer
1. Energy per charge (E/Q)
2. Velocity
1 & 2 — Mass per charge (M/Q)

FH

IR)LF—

1. SSD

IRILF—AAERIZS
KT AT (10keV ~ 100keV)

IRIILF—REREEDNTT 5

2. HERSHTIEE RELGBERFE-EBX 75“2%
TOFA=wk

— FR

¥ bt

BT, /M -BR S L RARE

1. SSDOEIEINE. FoTRDZSFNrorIL-FvTik
2. INISEER-TOFA=VrDEF




Geotail & &

AT R L —A A ELURIZE (STICS)

(ESA-TOF-SSD)

€+ DPPS

v'Electrostatic energy analyzer

v'SSD energy an

v TOF velocity spectrometer

alysis

1. Energy per charge (E/Q)
2. Energy (E)
3. Velocity

1& 2 & 3— Mass (M) and charge (Q)

200

140

&0

GO 1

TOFZC 4}

RE DT ax

“I*’“F“—ﬁyﬁiﬁugé"
(ESA. TOE- SSD)

0

180

160

120

100

‘boundary_pictureMIMS.txt"
trIONMIMS bt

+5kV

r—

TrELECMIMS. tat’

./<5T(;—' |
BHEEITRIL

D HTER

+5kV




Medium-Energy lon Instrument
N /

/
\
lons
8 ——
— Electrostatic

energy analyzer

K=—> Q m/q
(H*, He*,
SD array H92+, O+)
cOf-Flight) 1
locity) > \/
eter
K= %VZ

~200mm

Arbitrary unit

0 10 20 30 40 50 60 70 80 90100
Time-of-Flight[nsec]

190 KeV 5 s |
Het IS |
O mmmm |
0+

Arbitrary unit

Multi Anode

0 5 10 15 20 25 30 35 40
Time-of-Flight[nsec]

.............

TR JLX—AAERIES

Courts otal Count in ADC Channels [%)

(ESA-TOF-SSD)




PRI RILF—HEEFE RIS

HkeVho#+keVDEF

BESF
" (Esa) | —

B AR HH 25
(SSD)

SSD .. BETRIJLF—EI/ A XD

10 100 1k 10k

100k

Electron Energy (eV)

1M 10M 100M

= E DR

ESA .. MCPFDRHEE DR LT DR E

Normalized Count (%)

v APDIXEASCRHEZR T, WERFIE

[ &=
w 4] S w

[=] — )
w — &) ) &)

[=]

Out

&TAIFAAPD
(7/§7//I-77J'I~5f'fﬁ'—|3)

v HkeV~30keVIHEBEFDIRIILX—HIEEZRRIE. 75
AIBRHBEDIRILF—ERMELZERFTRETHD.

put Pulse Height Distribution of Hamamatsu APD for incident electrons

151V biased)

[

1000 (8.60 onpg (10.9)
ADG Channel number Unduced Ohargel(fCH

3000 (16.7

SNHH=0 /A X158,

electron e
m
Dead Layer 1 p+(0.3um)
L

Pair Creation A0
& Acceleration p(10um)

maacre | eeeesess |
Multiplication

Drift & Collection

500um
/substrate




MEP-e

Electrostatic Energy Analyzer

- —
— —
— —
- —
- M
- el
- o
i

-
>y -
L4 PN,

APD Array

CLUSTER-IIBEBASIRIILX—EFH s
(RAPID IES)

B CROSS-SECTION
2R TTHItREF A+ of the
EE B & 8 IES-HEAD

SHIELDING

-  THLF—HHASSD
Foil-coated SSD
— lon Rejection

Particle Injection

— Charge Cloud in SSD
— Pulse Height Analysis
— Particle Energy

A\

™

\\l\\\“‘““‘}’r

wm

7

eivsut — Collimation
ACTIVE

STRIP AREAS

L\
N\




High-Energy Electron Instrument
(BepiColombo MMO, ISAS/JAXA)

1. Pinslit-type Collimator
2. Energy Analysis with Strip-type SSD
3. lon Rejection

Cutaway Image of HEP-e

Appearance of HEP-e
Mooy Yy

BepiColombo-MMO#2 £ B
= LRI —EFE RIS (HEP-Ele)

Energy: 30-700 keV (SSD)

FOV: 20 X 130 deg. (@) -
ey
Two Assemblies of
Al-Coated SSD
[
[—ﬁ L | @
>, N
Pinslit-type
Collimator
\/ AN S




1 T P A R ’|—“
DEFL COLLZ2 STOP HV - DISTR,
[ MCP
. FOIL
15

b
Z

Geotail &5 A
BEIfrILE—
Tk a3 |
(TOF-SSD)

v"No electrostatic energy analyzer
v'SSD energy analysis
v'TOF velocity spectrometer

1. Energy (E)
2. Velocity
1 & 2 — Mass (M)

(HEP-lon)
(TOF-SSD)

Carbon Foll

Collimator

/
»

8

&

MCP Assembly

8.

=N\

J i NI s ¢
//// LF ‘~4 \.’//’v L7 \\
2aN

%! o
/) > X
A oy
/\9}”4‘ 58
S\

ssemblies of SSD




BepiColombo-MMOf £ & & F
= LRIV —RIF 72 HT 2 (HEP-lon)
(TOF-SSD)

Incident Particle (i 11)

*
e e, e, e, e, e, e, e, e, e, B, e, e, e, e, e, e, e, e, e, e, e, e, e, e, e, e, e, g% -

[ g g g gt gt gt g gt g g g g g g g g g ] . & e S
ffffffffffffffffffffffffffffffffffff

Energy Pulse
Height Signal
> TOF Stop Signal

S — .
- TOF Start Signal

7’a N2 A TETIL - B BASiKH R

1 7 /LOrEF

e




EIRILEF—FEF(>MeV)IRH
(1xk

J
MeVEF DSSD(1:RJT)

EEER S

BEIRIILT—HFRED-HIC
BRHREER (BAIL, 6B)

+«— PSSD(2&7T)

1RTRHBOTERE
! :> JEB[COL /Nyp FEERLLEEE
EBEBD2X5TiE
o 7 ASARDFEERTE
2 K5 (Pixel) FvF CHAHL [}

HEGEYFASMIRE - /\VITSURRENTTEE

SSDD/NEHE - B IRILF—AEREEH
[ZmI+T
HEPRHE A& A H LEIER DB FE (ASIC@ISAS)
. 1&71:%9"(’/*)1/ S L

ml RFrURILFEAHL

34mm  “AAEIR1 RS DEEAEKR !
& H1%£300 4 Wich

: s i v —>HEFD1/100LLTF

< e > /1 XEHEIX0.7keV@OpF

e 2RILETF o rILEAHL

28 A

12 X 12F ¥ 3B HLUERE
—2RFTAAT TR F DA A—2 2 il EE
BEFvORILBBAITREBEEETIUL
e =1 4.9mm —JEEIT/NBEORHIEFHTTRE

' ZE1NTREROFEAHLEIRELTE
BEET S




SSDICKAHETRILF—RHEICHEIFTT

— Single-sided Si Strip Detector (SSSD)

« I5MMADKSHEAFEEFEENL ., AGTHEEDES
Z L. 20keV A o B 7E AT e

“"!F Strip electrodes
Size: 15 mm x 15 mm

Strip : 32strips with guard-ring
Pitch : 400 um

Thickness : 300 pm

Sio,

900 17.6 keV
e

13.9 keV

21.0 keV

59.5 keV
26.3 keV

400§compton
- edge /

2000 J

0 10 20 30 40 50 60 70
energy [keV]

AE =1.05 keV
(FWHM) _
backscattering

s E’] 'M'JEE/,JIE%

B2 ELHxE

1. AAVBRHEIZKSFEEEAHIE (Polar)
2. EBRIZROT—LMBREEELFNE (Freja. DEFH)

— INEY - R = (b [l RE

Bl
1. Polar¥&#; TIDE 17 kg + PSI #f kg
2. Frejafg& CPA+boom 5kg




Polarfg1 &£

EEARMNAT U EE 5 ME: (TIDE)

(ES-Mirror-RPA-TOF)

|||||||||||||||||

e[ MIRROR

vvvvvvvvvvvvvvv

MIRROR

RPA

J - I ' 5
b RPA

[ IMMERSION LENS i = [ IMMERSION LENS E = |
- L - 4: =
L b 1 L
L DEFLECTOR/ ] = |  DEFLECTOR/
F UV REJECTOR 4 - UV REJECTOR
. [ ] 4 F START FOIL T

START FOIL

STOP MCP

)] - o~
START MCP ] k
1 [
—_— - .
: r STOP MCP
i P I SN T T T T [ A e e L
4

Y-AXIS [inches]

HES

s

(ES-gate - ES-deflector)

Discrete A

/ 5 \\LT | Entrance A

e
T T

REV - EBRNA AV EE NS

\perture

node —» —=—oaa * Microchannel Plate (MCP)

« Time of Flight => Mass (lon Type)
e Landing position = Energy




BmEEE

Pa

AER - BRNAT UV EE S e

Sensor Top
Skin

Deflection

Elevation Baffle
Rings

Dome Support
Plate

Time-of-Flight
Gates

IRM Sensor
Head
Inner Dome MCP Housing
Outer Dome Micrachannel
Plates
Anode PCB
‘ Pixel Encoder
Card
Eg;Comroller Bulkhead
Adapter Card
i PCB Standoffs
Sensor Boom
Adapter Plate s . Sensor Lower
2 |"T—"I 'Y PN sl | % Skin
Boom Insulator = DO I x T !
Plate ¢ :
(_l_‘] Boom Clamp
e 1) —
W 8
r 46
ey quIM Boom
. dapter
IRM Sensor Cross-section

2005.05.05

Boom Stem

i 4 F B B8
“*Atmospheric Neutral Analyzer (ANA)”
ﬂ%i;,—@r.ﬂg RBEFD

ETAE

ﬁ
=]

| iz

|

e ™
AT AR AR SRR 7 > B HE

(RFEEE51ED) y
B YARIZOAAFEMFR(BEHH)
B X, ZARDAFUEREITRTE
B ZRITRE S (Vx,Vz) EE
= R FEEOERE. BR, ZE4RE R E T EE




Ny B S 5T

R

RFEE 2 HER
A

r

Y
Vrr = Vo sin(wt) + Vic

N FIFAIE R AR

. DC ¥, DC

: E vy~ : :

b E . " ipiap OB
E i E+AE, . :

m (> s > —y
i S A=K - ;EE RPAAYS a1 i
# 5 5

MRS RFES Eepp~E+AE,

A A

BENHLE-WWA> BEREEDAAVIEIRF RFESGERMICIES
NREEDEE(CLESE | ESTHRLIINESIh MM FUIERPAZ &S

SEIG THIHIMZE % L TR FHRHH BRI EIE
EBBAELEEEE (O HTDH)
< 170 mm >
Y —— T E——— |
. 31.6V —
[]
s &
3 = Y
NN
L1
;|
V]- *ﬁ;;@lﬂjgg H RPA: 30 V EEEMMRE: 10V
RFEEDERH |110MHz | =2 [uy

RFEE D #RNE 8V

AR EE 8 km/s

2L
Lo X WS 1 RIEERE 105 mm
v,: RFEIZHP DA A DyAEFERE 23 km/s




MFEEET FEICK S REETHE [(E =7 fFae]

40 T T T T T T T
35 - -
';J\. 0 RPAEL
ﬁ ;‘ 30 e '__:_:___", e et y=Shoetien. ey Syt s oo s e et
~ 9 | \
B c N
4 @ 20 AN -
¥ D Al
s B 15
g o 10 VAV
& 5 _ 13 amu MW:“*”‘\»\
I\ . = Am/m~11 ] LA
o LU § L o ; a 1
IMBOEE/TA—4% () 5 10 15 20 25 30 o0 40
RFER# 1.1 MHz
RF*E'T’E 8V 6 amum’fj_.yo)ms 30 eV':i&L\I*)[/
REQEHEELL | -40V X—5 BT DAADHERIT/NSILN

Counts [#]

MFHPERICLSIEReETHE [RE 5]

Ralb—lavEkh

350 MR
Tl OB EHFE—R
300 =
$1 74 10° @
250 T
i KFiE O* (m=16 amu)
200 AGTRERS 0-1 sec
f AFE x=0mm, y=0=£0.5mm
100 / N MYMEEE |40V
[ /s &' . RFER 1.1 MHz
b 4 .. Maxwell distSiting | “remo 8V
AE 2098 K REQEEEH | -40V
O i i | i | q:'L'\)izE: 8;14 knJ/S RPAEE 31V
6 65 7 75 8185 9 95 10 105

V, [km/s] (174> DR FELEERE K HE)

TJU—EE  X-ZFERNDIE—HRLGTEZDEEC.
AR LA E DORFEREBIZKVEENTESHONT=T-8.
T49TA T IZIZRAWGENT—4




| 10keV/q~150keV/q T JLX—&i[H
DA EFE—LEZBHITIEIR
IWF¥—AF - BFE—LSAY

#MeV/EEEDBHMN-EIR)ILF—
A4 RU100eV/qfEELL EDIET

FILF—EFHEGT A gEL B A
A BIRILF—BFE—LSIY

E—LZMY

o WHRMICEBENAAVE—LSAUIIEHTHED,
¢ 2DME—LSA2(10eV~10keV, 10keV~150keV)&# FFIFHTESIR1E
/A,




HBEWA A E—LSAY

# eV~10 keVIEEDAA R Al gEGEEANA 4 E—
LA xAFE - R

e BIEREESKM/ISIEEDAAUE—LZEEBEL. BEEEAR<
R FEEN e AT BIET

Vacuum
Electro-Magnetic Chamber
Mass Spectrometer

Beam Expander 220> Analyze
| —
-~

Main Accelerator

Pin hole

Turntable

Pre-acceleration

% |lonization
lon
Source
Introduced
Gases

— oy

. \\\a
, EURE | -=7_

s \
\ 1“‘-3-& %EEE il

855% | N
1 eﬁj k= ﬁ

(1 gy

Vf%%




|—JI;I"~)|/:\: ’f7.|'/ BFE—LTT1Y

r

ExcmpIEreiR@aliration (rJJgr SENGVACNNISHUIMERLS O

bilta]ESH thENACHTN gm;n.moer)




‘Polar (USA) g 1
Launched in 199/,) .
Polar magnetosf
v | T

Geotall (Japéi?\)a
Launched in 1992
Magnetospheric physics

THEMIS (USA) |
~ Launched in 2007 - - : . por :
: Magnetosp’herlc physms Ve i Probes (U 7

Launchet din 1989 ' Launched in 2012

“:

Auroral physics . (8= L C NAL S Radation belt physi§

£y g : y
=7 '___:\:,\;-—_. ety

=2 I %
.’f -

CLUSTER Il (EU)
., Launched in 200 Reimei (Ja_pan) \_
Magnetospheric p s [l Launched in 2005

' Auroral physics
FAST (USA)

Launched in 1996
P0| maanetospheri

-- Phobos 2 (O»SSR) Nozomi (Japﬁn) -
Launched i in 1988, Launched in 1997, but failed
Upper atmospheric phyS|cs Upper atmospheric physics

Planetary Exploration Missions
(Space plasma observations at Mars/Venus)




Cassini (USA)
- Launched in 1993
~Planetary physi

Galileo (USA)
Launched in 1989
Planetary physics

Planetary Exploratlon Missions

(Space plasma observations at Juplter/Saturn)

Under planning
JUICE (EV)

To be launched in 2022
Planetary physics

Juno (USA)" ~
Launched in 2011
Planetary physics




