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A 30 PLASMA AND ENERGETIC PARTICLE INVESTIGATION
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Fig. 1. Electron energy flux (E(dJ/dE)) in the interplanctary medium and outer magnetesphere,
Counting rates per channel for the EESA and S5T are indicated on the lefl and night axes, respectively.

Lin et al., 1995



THE CLUSTER ION SPECTROMETRY (CIS) EXPERIMENT

| HIA LOW SENSITIVITY
IONS |
1010 1 T T IV ]
~ sw-\ﬂ ./coan LOW
- A~ SENSITIVITY
‘HIA HIGH
" SENSITIVITY

DIFFERENTIAL DIRECTIONAL ENERGY FLUX {cmés.sel’

( \\EOBIF HIGH -
1] 10 100 1000 10000  SeNSITIVITY

CODIF-RPA  £NERGY [eV)

Representative Ion Differential Energy Fluxes in Various
Regions of the Magnetosphere of the Earth (Reme et al., 1997)
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DISCOVERY OF THE RADIATION BELTS

A g m———T—
1201 1958 ¢ 7
San Diego
100+ 28 March 1
. 1748 UT
g = -
-3
E sol
2
: wf -
o
0k, N
L L i i
1] 20 40 60 80 100 120
Time from previous interrogation (minutes)

B ———————
LT T
d‘d ‘\
o S
-~ -
Magnetic -~ 100 “\
Axls Py e Y
£ m=--.1000 \
7 -~ Ay
b, ~, . ."
b g0 N \
T \ \
LY L] L]
— F T v H
e 2 I" 3 -"4 6 6 7 8 |:
10,000 / r i
s A P ;
3 53-_____,_-/’1000 E 7
* /s

Van Allen et al., 1958, Van Allen and Frank, 1959 (from Williams 1990)



'THE LANGMUIR PROBE

Vel ' Cireuitry

1. A typical LP arrangement, Two cylindrical
:l-m mounted on solid triaxial booms, The. radial pmbem.;: (Brace 1997)
orieniad perpendicutar to the spin axis and the axial probe is ?
paraliel to the spin axis. Both probes are oriented
perpeadicular 1o the velocity vector when the spacecraft is



[on Density (from Ion Saturation Current I;)

L=AN;qv;/m*(1+KkT;/ miviz 1 PEN I'ﬂi‘i'iz )Dj

Electron Temperature (from retardation region)

.= AN, e (kT/2mm,)" exp(eV/kT,)

Electron Density (from electron saturation current I.)

L.=N.Ae2n” (kT./2nm.)" (1+eV/KT.)""

First Application in Space in 50s and 60s:
In Thermosphere, lonosphere (e.g. Tiros-7, Explorer 17, 22)

Modern Application:

SPEDE package onboard SMART-1 (ESA, Small Mission for Advanced
Research and Technology)




THE RETARDING POTENTIAL ANALYZER

;- ELECTRONICS BOS.

GRID PLANES —

= INTERFACE
CONMECTOR
SIC

VELACITY —l————

VEGTOR L

COLLEGTOR -—

GRID DESCRIPTION

Gl- DUAL APERTURE
G2- DUAL RETARDING
G3- SUPPRESSOR
G4- SHIELD

RPA SENSOR CROSS-SECTION

Figure 1. Schematic cross-section of the planar RPA sensor
illustrating the arrangement of internal grids required to
perform the retarding potential analysis of thermal jons.

i (P) = 1/2 Ny V, (1+ erf(B; £) + 1/ mB; V) exp ()

P=q (U, +Uy; U,/ U, grid / spacecraft potential,
Ni density B; = (my/2kT)" ~ 1/vg,
V. velocity £=V, - 2P/m)*

(from Heelis and Hanson, 1997)




Energy / Charge Analysis with Electrostatic Deflection
(Spherical-Section Analyzer)

~ R,
r’ - X
| R,

.fllr {x

T Energy of Particle

q lonic Charge

Via Potential of Plates 1 and 2

V F V: = V]

AR = Rz = R1

Rc = (Rg + R|} 12

O (r) Potential between plates

E (1) Electric field between plates

B (1) =-K/r+d., with K= VR, R,/ AR

For¥V2=0,V=-VI:

d (1) = V(Ur-/Ry) / (L/Ry-1/Rz) = AV (Ra- 1) Ry ;AR /7t

E (r) = VRjRJ/AR/P




Conditions for Transmission, I. Special Case (c=0):

2T/Re
T

q E (Ro)
0.5 q VR Ra/ AR /Ry

A(T) /(T) ~ AR/R,

ForVo=V/2: Rg= 2RiR; J'II(R]_ + Rg},i.e.
b = quu
k= (R|+ Rz}f'zﬂR e RﬂfﬁR

The Analyzer Constant k depends only on the Geometry. The constant k
determines the ratio of Energy/charge and the voltage on the analyzer
plates.

To=T@)+q0®) =TE- qK/t +q s,

Particle trajectories in the analyzer are ellipses with major axis a
a = -qK/2E,with

E = Tm-qgK/r

TR= <dadviv> = 1/4 (AR /R.)’ csc’ (®/2) (7/8+cos (D/2))

(e.g. @ =90°: Quadrispherical Analyzer)
(Ref: e.g. Paolini and Theodoridis, 1967; Gosling et al., 1978)



SPIN AXIS




THE NEXT STEP: 3D RESOLUTION IN 1 SPIN

A SYMMETRICAL QUADRISHERICAL
ANALYZER IN TOP HAT CONFIGURATION

CROSS
SECTION
VIEW  azimuin
Angle
Range

Fig. 1. The basic geometry and angular response of a symmetrical
quadrisphere. The top figure illustrates why the analyzer, in principle,
has a uniform response over 360° of polar angle. In the AMPTE ap-
plication, only 180° are actually utilized. .

AMPTE / IRM Plasma Package
(Paschmann et al., 1985, Carlson et al., 1982)
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for the Missions

CLUSTER-1
FAST
Equator-S
CLUSTER-2

in the Magnetosphere of the Earth
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S ELEHe |
25 keV/e Total Energy kmusﬁm&ﬂé%%ggk
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He++ He«+
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TOF Channel

Figure 16. Time-of-Aight spectrum of 25 keV Ht, He**, He*, N+, OF, and N>+ ions, as mea
with the Flight Spare model of CODIF during a calibration at the University of Bem.
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THE CASSINI PLASMA SPECTROMETER
INVESTIGATION (CAPS)
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) . ESA
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Energy Range: 1-30000 eV 1 — 50000 eV/q
Mass/charge

Range - ' 1-60

Resolution (M/AM): - 50 (<16 keV/e)
| 8 (>16keV/e)
Mass: 23.2kg :
Power: 164 W
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RESEARCH WITH ADAPTIVE PARTICLE =
- IMAGING (RAPID) ON CLUSTER-2

IMAGING ION MASS SPECTROMETER (IIMS)

B WILKEM ET AL.
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Flightpath: 34 mm

Field of view: 6°x 60°
Polar Angle: 4 x15°
Energy-SSD: 5% 15 mm” /300

Anticoincidence-SSD: 5 x 15 mm® /300 p

Energy Range

H (1) 40— 75 keV
(E, 1) 75— 1500 keV

He (- t) 40 - 75 keV
(E, t) 100 — 1500 keV

CNO 210 — 1500 keV

ENA 40 - 200 keV

Geometric Factor: 0.027 cm? sr

Wilken et al., 1997
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ey ';-;-1-1:1:1:1:1:5:5:5:5.

1em
P e
Energy Range* ~ 19 -85 MeV/nuc 0.4 —30 MeV
Geometric Factor®* 0.3 — 1.8 ecm? sr 3—1.8cm’sr

(*) for coincidence measurement
Cook et al., 1993



Long-Term Measurements of Highly Relativistic
Electrons in the Magnetosphere

SAMPEX electrons: 2.0 - 6.0 MeV
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(from SAMPEX Science / WWW Page; contributed by
Dan Baker, LASP, U of Colorado)
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CEPPAD/POLAR

CEFPAD

Plastic

scintillator
Csl(Ti) veto S.S. detectors

SSDs
SSD 1 (AE): 300 m; SSD 2 (Eye): 2 mm

p

Energy Range (MeV) 3.25-80
Nr. of Energy Bins 16

Field of View (conical) 26°
Geometrical Factor (cm® sr) 0.088

e

0.35-10
16

26°

0.088

Blake et al., 1995
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SAMPEX: HRSS5D: = 1.0 MeV electrons
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Kucharek et al., 2000
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INNER MAGNETOSPHERE CONSTELLATION
(IMS)

IMS

A constellation of spacecraft situated in six different low-inclination
orbits can map the build-up and decay of trapped particles while
monitoring the more distant source regions in much the same way as
weather stations track storm svstems across the Earth’s surface.

Technical Requirements:

Microsat technology
Miniaturized instrumentation
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