II\/IPRS Lectur
Magnetosphe€sg=
12 16 Septe 1

i '_. o
Norbert Krupp T R . .
Max-Planck-Institutgisf; Jgrlrl.arldjgr*

Katlenburg-LindaueEHary g—. \\ .

7
Max-Planck-Institut far
““._Sdnnensystemforschung



Magnetospheres-Earth and Outer Planets

Part 1. Planetary Magnetospheres — Overview
Part 2: Magnetosphere of Jupiter
Part 3: Magnetosphere of Saturn
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Magnetospheres-Earth and Outer Planets

MERCURY: EARTH: JUPITER: and other Gas Giants
= Small * Intermediate * Giant

* Minute timescales * Hour timescales * Timescales - minutes to months?

* Solar wind dominated - Solar wind driven * Rotationally driven - solar wind triggered?

Mariner,
MESSENGER

Bepi Colombo

~100 missions since 1957
e.g. Polar, Geotail, FAST,

Testing our understanding of Sun-
Earth connections through application Ealllec: Cassinl Juno
to other planetary systems

Pioneer, Voyager, Ulysses,
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Saturn 0°

C : D Rotation axis Earth
A

. Magnetic axis
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Planet Magnetic field plasma density
[NT] [cm~]

Mercury 46 — 21 /3 -33

Earth 8 5

Jupiter 1 0.2

Saturn 0.6 0.06

Uranus 0.3 0.01

Neptune 0.005 0.005

The velocity is almost constant in the inner part of the heliosphere and
ranges between 400 and 800 km/s

MPS)
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Mercury Earth Jupiter
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Nmax
cm?3

Compo
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Source
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Mercury

H+
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Wind

Earth

1-4000

O+

H+
lono-
sphere

Jupiter

>3000

On+ Sn+
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lo
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Saturn

o 10]0)

(@2
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H* N,
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Triton,

lono-
sphere
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Jupiter N Saturn
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Mercury - Magnetic field Ganymede - Magnetic field
detected by Mariner 10 in 1974 detected by Galileo in 1996

¥ 7
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o<t Jupiter's
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Main differences from Earth: Jupiter and Saturn

1. Rotation dominated; driving - Symmetric
energy is the fast rotation and - ~Dipolar

not the solar wind :
- Strong plasma production

: : : - Limited solar wind influence
« plasmais (partly) corotating with

the planet
Uranus and Neptune

2. Strong plasma sources inside

: - Highly asymmetric,
the magnetosphere (satellites or

- Highly non-dipolar

rings)

« radial outward plasma transport;

additional loss mechanisms

Complex transport (SW +
rotation)

Multiple plasma sources
(ilonosphere + solar wind +
satellites)

MPS)
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Neutral atmosphere must N -
tate with the planet : height-integrated conductivity
corota P : neutral atmosphere velocity

+ = : horizontal electric field
Electrical conductivity 2 : height-integrated current density

: flow velocity above ionosphere
must be very large
(effective atmosphere/
ionosphere coupling)

| is coupled by field-aligned currents to the current system in the
magnetosphere with current density | radial stress
balance

Corotation of plasma

MPS
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Jupiter

—— e

« plasmasphere in the inner magnetosphere with closed flow lines

« if scaled to Jupiter: closed flow lines outside the magnetosphere
— rotation dominated

MPS)
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Saturn Jupiter
4.3 X 106 km

1.2 X 105km .

]
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- e
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CAMBRIDGE PLANETARY SCIENCE

S ACE SCIENCES SERIES OF ISSI
U P I TE R e The Outer Planets and
their Moons
The Planet, Satellites and Magnetosphere T. Encrenaz, R, Kallenbach,

T.C. Owen and C. Sotin (Eds.)

ey

EDITED BY Fran Bagenal, Timothy Dowling
- and William McKinnon

£ s
&1 Springer gt
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SPACECRAFT TRAJECTORIES IN THE KSM EQUATORIAL PLANE
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TABLEI
Measured positions of magnetospheric boundaries at Jupiter and Saturn.

0Ca distance
time BS (Rp)

Jupiter | 0600 124-189
1974 | Jupiter 109.7-79.5
Jupiter 90.8-95
1979 | Saturn 24-20
Saturn 49-102
1979 | Jupiter
Jupiter
1980 | Saturn
Saturn
1979 | Jupiter
Jupiter
1981 | Saturn
Saturn
1992 | Jupiter
Jupiter
1995 | Jupiter
)JO | Jupiter
Jupiter
Jupiter
Jupiter
Saturn

Saturn

standoft
BS (Rp)

102-130

92-100

79-95
18.5
50-70

85-104

100-130

distance standoff
MP (Rp) MP (Rp)

1974 | Jupiter | 1000 | 108.9

96.4-50 80-96
98-150
97-64.5

17
30-40
67.1-46.7

70-101

72-104
83-124
120 90
107-149 84-107
88-98
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Cassini trajectory around Saturn

2004/06/01-08:42:00
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Magnetospheres-Earth and Outer Planets

 Global configuration
— regions
— the special role of lo
— particle flow pattern
— global ion composition
— neutrals

« Dynamics
— interchange motion
— aurora
— particle injections
— substorm-like processes (particle bursts)
— boundary phenomena

« Moon phenomena
— Ganymede’s magnetosphere
— lo torus
— Europatorus

MPS)
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Global configuration of the Jovian magnetosphere

regions

the special role of lo
particle flow pattern
global ion composition
neutrals

MPS)
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MAGNETIC FIELD
——OF-JUPITER—

MPS)
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discovered after the
'G' ¥ detection of bursts in the
—] radio waves Burke and
Franklin (1955):

synchrotron emission from
trapped particles in
radiation belts was used to
determine the rotation
period

particles in this region
interact with the moons
(Metis, Adrastea,
Amalthea, Thebe);

the Jovian rings
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Jupiter’s moon lo
source of sulfur and oxygen in Jupiter’'s magnetosphere "sokm .

After quantities of lava are removed from below, the
crust cracks and tilts, making tall, blocky mountains.

Tvashtar
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lo’s volcanoes and geysers

Pilan Plume

Prometheus

Pilan 5 months apari\ o -
. W | w

v
LS

InfraRed
MFS)
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lo Plasma Torus (Schneider and Trauger)

MPS
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Solar Wind

-— Sun

Magnatosheath

Solar Wind

Cushion Region

$

Magnetotail currant
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lon intensity
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a) Rigid

b} Bent

c) Wavy |

- 0 —————

d) Wawvy 11
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EQUATQORIAL PLANE MERIDIAN SURFACE
MAGNETIC X-LINE

_== MAGNETIC

Q=-LINE
/d

Vasyliunas 1983

——T
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DISTANCE (Ry)
3800w ekl a0

RMAG R,

M- MODE
ANALYSIS

/_/COROTATION

n
~
=
x
=

_ COROTATION
7 L- MODE

ANALYSIS

Vp (KM/S)

V:
(kms)

SPACECRAFT EVENT TIME VOYAGER |

 Voyager 1 PLS results
— McNutt et al., JGR, 86, 8319, 1981
— Sands and McNutt, JGR, 93, 8502, 1988

« Velocity lags rigid corotation trend to “constant” velocity outside 20 RJ

MPS)
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« flow is predominantly in
corotation direction

« temporal stable in this
averaged view

 flows in the deep magnetotail
still in corotation direction,
however substantially
subrotational

. deviation from ,normal“ state

‘ \ due to dynamic processes
vector scqling:

« larger flows with radial outward

0 components (100-200 km/s) at
0 1500

max = 1840.854 dawn compared to smaller

160 B SN S flows with small radial inward
‘ B = components at dusk (50 km/s)

100 -

150 100 -50
JSE R |

180

Krupp et al., 2001
MPS)
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Flow LT 05:00-07:00

radial flow

= azimuthal flow

a north-south flow

—rigid corotation
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80

Krupp, 2002 distance [R;]
MPS

IMPRS Lecture @ MPS 12-16 September 2005 Norbert Krupp e R eiGlnsting fur

Sonnensvstemforschunag




Magnetospheres-Earth and Outer Planets

gridsize

—

250 km/s

MPS)
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Northern Lobe

Southern lobe

XX

Distant X-line
MPS
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IME=0 IMF=southward (top) and
northward (bottom)

Pressure and Flow £ =0 Plane Pressure and Flow £ = 0 Plane
(B = 1) (p%* = (L0%nPa)
pv' = 0.180Pa 300 ks
P _ (B, = —0.84nT. T = 600 hours)

300 kn's

- — —— — —— —

e —— T i,

T ———
e e e e e g i
e e e e e e g,

¥ ey o o 2 2w T

N

Walker, 2001
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Radioti et al., 2005

MPS
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']

Galileo

-
=3
-
=
Q

20 40

Radial Distance
Radioti et al., 2005
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Jupiter as a source of hot neutrals

30 jovian radii

to Sun

“MPS)
T
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Jupiter as a source of hot neutrals

Hot neutral wind

%
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CHARGE EXCHANGE PROCESS

ENERGETIC ENERGETIC
&9 > o
ion (trapped) Farze neutral
exchange
THERMAL THERMAL

neutral ion (trapped)
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(b) Charge The co-existence of an energetic charged particle
rge- . . .

exchange Energetic population (solar wind, magneto.spherlclplasma) and
collision e R a planetary neutral gas leads to interaction, e.g.,

through charge-exchange:

A*(energetic) + P(cold) = A(energetic) + P*(cold)

Trapped
energetic ion Little exchange of momentum — conserve velocity

(E~100 keV) Magnetic field ENA are not influenced by E- and B-fields; they

line | travel on straight ballistic path like a photon
| Directional detection of ENAs yields a global image
of the interaction and allows to deduce properties of
the source populations.
ENA production mechanism in space plasmas
Charge - exchange reaction with atmospheric / exospheric gases
Sputtering of planetary atmospheres
Backscattering from the planetary atmospheres (ENA albedo)
Sputtering from planetary surfaces
lon neutralization / sputtering on dust particles

Recombination (CMI) MPS \
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The directional ENA flux (J,,5) at a point in space represents an integral
along the chosen line-of-sight of the product

of the hot ion flux toward the observation point (ji,,(r,v, t)), the cold neutral
density (n,eutral(f-t)), and the charge exchange cross section. That is,

9. @)]

JENA = / dr X Jion(r, v,t) X nneurrar (r) X ocg(|v])

0

where

r is the location along the line-of-sight at which the charge
exchange interaction occurs,

Y is the ion vector velocity at the instant of the interaction

t time

MPS)
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Dynamics of the Jovian magnetosphere

radial transport
interchange motion
injections

plasma sheet dynamics
particle bursts
boundary phenomena
aurora

MPS)
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A: interchange events
B: flow bursts

C: electron bursts

D: upstream events

x
x
x
X
x
x
x
x
X
x
x
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Outward moving
flux tubes
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Jupiter’s Aurora - The Movie
Fixed magnetic co-ordinates rotating with Jupiter

Clarke et al.
Grodent et al.

oo M)
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Jupiter
Different types of aurora
06ba02011_rzd

2 Maln QVaI

Hubble Space Telescope

Clarke et al.

12/14 /2000 10:46:4

Polar Auﬁ‘)ra

R ]'8‘5‘--1-:1 ....... ..........

Io‘a_footp‘r‘_"i_-n.t,.---" -

0%
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Jupiter s main aurora

 Shape constant, fixed in
magnetic co-ordinates

« Magnetic anomaly in north
e Steady intensity
e ~1° Narrow

Clarke et al., Grodent et al. HST

\_s/,l
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O Radial and FAC
C_JD current system

After Hill (1979)
and Vasyliunas (1983)

« Discovery of a local time asymmetry in the system of azimuthal currents which distend
the field lines away from the planet (Bunce and Cowley, 2001a; Khurana, 2001)

* Investigations of field-aligned currents associated with magnetosphere-ionosphere
coupling currents found to be ~1pAm-2 (Bunce and Cowley, 2001b; Khurana, 2001)

MPS)

/
Max-Planck-Institut fur
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it/ A ni?

' Calculated upward field-aligned
/\ current profile

* Bunce and Cowley (2001b), Cowley and Bunce (2001), Hill
(2001) and Southwood and Kivelson (2001) suggest the
main auroral oval is due to the breakdown of corotation of
the equatorial plasma

 Modulation of the oval in anti-correlation with solar wind
dynamic pressure (C&B, 2001, 2003a&b; S&K, 2001)

\

MPS)

Jupiter Aurora
Hubble Space Telescope » STIS

NASA and J. Clarke ity of Michig; TScl-Pil L]
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» Most prominent and well defined
boundary - change in the electron pitch
angle distributions located between 10
and 17 R,

lon intensity
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Inner Region Outer Region

Pancake distribution Field aligned
with electrons

maximum at 90° bi-directional electrons
Tomas, 2004, 2005
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» Local time dependence of the PAD boundary in the equatorial plane

DUSK

18:0

U

» Coverage of the Jovian
magnetosphere in most of the
local time sectors.

. e . . 1

00:00h =t
\ H L
L

» No strong local time
asymmetry between dawn and
dusk.

- PAD boundary

MPS)
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» Comparing the footprints of the PAD boundary (VIP4 model) with the HST observations

North Pole South Pole
00

!
| t-
|
T

1800
ST observations

* Secondary Oval — Footprints 6 and 25 R, (VIP4)
* Main Oval

» Good conjugation between the PAD boundary and the secondary oval
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G7 orbit Pitch Angle Distribution

» Pitch angle diffusion coefficient

N
D :27tfc(§] .

electrons
304-527 keV

(0404 Y B

Normalized countrate

» Strong diffusion limit

Considering:

L-[10,17]R, ~ B—[350, 50] nT
f,.—[10% 10°]Hz  E'-[1.0, 0.1 mV/m

100 318
10'
10° -

10° |

~~
N
L
(3]
£
S~
o
>
Nt
[
c
[}
(=]
]
(9]
Q
Q.
(1))

Frequency (Hz)

10*

CuTN —— D,. ~ 2 Dy = The conditions for

Tomés et al., 2004b s\ Vhistler waves at the strong pitch angle diffusion are

PAD boundary satisfied.

MPS)
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» Considering:
» The precipitation energy flux given by :

o= TEi(E)E

e
=
» Measured electron’s spectra at the PAD g
boundary. s
(=)}
> Strong pitch-angle scattering. &
=
> Electron’s energy : E; € [55, 304] keV. Pheels g cut

Equator

E, € [55, 188] keV. Pole

Courtesy of D. Grodent, Univ. Liége

Sufficient to directly produce the observed auroral emissions of the secondary
oval without the need of a field aligned potential drop.
M'P'S*\

/
Max-Planck-Institut fur
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\Cassini-

Huygens
Galileo

Magnetosphere

“Jupiter

Inferred
magnetopause

High-pressure
magnetopause

model “._  Low-pressure

~~magnetopause
model

Low pressure High pressure
solar wind solar wind

IMPRS Lecture @ MPS

12-16 September 2005 Norbert Krupp
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24 hour Galileo Energetic Particle Spectrogram HST Image of Jupiter’s UV aurora

lona (Z21)

Logys B ; B
{KeV) 363;13h20 . \'\

Electrons
Leg,g E
{KeV]

30:00:00
a7-178

Mauk et al., 1997; 1999, 2000

Extreme “storm-time” dynamics Auroral manifestation of

observed in the vicinity of near-Europa storm

Europa’s orbit dynamics M@
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210000 2300:00 Log,,

Phase Space
Density Gradient
_PSD1 > PSD2

" Hot
¢ Plasma
' Injection

14:00-00 35318
©6-353

(@ Jupiter

: Drift

+ =— Spacecraft g
. 3 Injection Time =
" Day 362, 2300

y
w

The behaviors of Jupiter magnetosphere
injections were understood by invoking
sudden radial injections over confined _. _ _
regions in azimuth followed by slow, Theorstical Fit
dispersive, azimuthal drifts. 400

Energy (keV)

Time of Peak Response (UT Hours)

Day 363, 0300
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EQUATORIAL PLANE MERIDIAN SURFACE
MAGNETIC X-LINE

A
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65 -120 keV
\\"\)\\\\L\\\\044 _‘\\\\N\\

=)

lon anisotropy flow

&
T

268 270 272 o2
96.76 101,33 105,08 108.06
02:15 02:35 02:34 02:43 025

UT, JSE. [R, ], Loc. Time

South-north magnetic field

Location: 90-113 Rj

Krupp et al, 2004

RN P Transient periodical disturbances

bursts

«— U X S with repetition period of several days

Sun ] i

More inward bursts f
-

(the most characteristic 2-3 days)
are observed in the Jovian magnetotail!

MPS)
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- Woch et al, 1998

H.0u10° —#3 ays
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i \::;. qpr:grtirnl Incley Ya

energy spectra
several days periodicities

N
o
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south-north
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rl 3days

I A )

time

00:00 :
96270 6 Location: 90-113 Rj
uTt
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16 days Kronberg et al, 2005

/\
S — Q

3 days

fﬂj‘ \ M W IJ«‘M l‘

A R AL
I

10 - 30 hours’

HHHH\‘\HHHH\H\m\\‘\\\\\\\\\ M TR =il I

agneticlli

Location: 90-113 Rj

Quiet state

spatial development of reconnection process

radial inward and outward flow bursts

plasma flow +

+ thin plasma sheet
+

stretching of the magnetotail reconnection

mass-loading
IMPRS Lecture @ MPS 12-16 September 2005 Norbert Krupp
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A 4

lon mass-loading pick-up current

current sheet thinning P reconnection

centrifugal force

N -
—

several days (as data show)

Local stress balance in the middle and outer magnetosphere is contained in the
momentum equation for the plasma

2 TUR
- po*r+VP=(xB
centrifugal force pressure magnetic force
density gradient density

MPS)
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Jupiter

Interplanatary

Magretic F Tail tdutrana et al, 2004

Neutral Sheet Current

0OM
Radial  Ring  Region? FAC ? “Z2nuthal current
Current Current  FAC 60 MA
60-100 MA 90 MA

MHIZ..]I'IUIUPH use Current

The currents at the equatorial plane of the magnetotail are

o0 _
B(9

= —prB, we,

MPS)
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G2, 269, dbz=0.75nT,

Btot=7.5 nT, V=300 km/s, x—line=80R]j
"5\\\\\‘\\\ \\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\

Ampere’s law:

— _ B
(VxB), =tpl,~—

o

a

= <{—> o Time, days

™ 00kgls P 0
Mass loading rate of ions, kg/s

o

Input parameters:

AB@ ~ ()lBr 0.75nT
o=V /R 3-10°(m/s)/R

Distance to x-line 80 Rj

200 kg/s

The most probable mass loading rate

e
Norbert Krupp SOMax—PIanck-Institut far

nnensvstemforschung

IMPRS Lecture @ MPS 12-16 September 2005



Magnetospheres-Earth and Outer Planets

ENERGETIC EVENTS USE OF RADIO
PWS DATA EMISSIONS

AURORAL ACTIVITY

10 TORUS "ACTIVITY

freguancy (Hz)

LOCAL DENSITY
DISC MORPHOLOGY

R R

og {Vfmz"™)

AURORAL EMIS

RADIO SOURCES AT JUPITER
CONTINUUM
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In Situ*

Russell et al., Woch et al.,
Krupp et al.

Auroral Spots

Distance 70-120 Rj >100 Rj
Local Time postmidnight premidnight
Size ~25 R; 5-50 Rj
Duration Mins-hours 5 min-1lhour
Recurrence 4 hours-3days 1-2 days
Vies )
IMPRS Lecture @ MPS 1216 September 2005 Norbert Krupp
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~8000 R} x 0.01 ions/cc
= 500 tons per plasmoid

1 per day = 0.006 ton/s
1 per hour = 0.15 ton/s

IMPRS Lecture @ MPS
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Pole View pugercice

tail X-line

Vasyliunas-cycle

Dungey-cycle
open flux

return flow

IMPRS Lecture @ MPS

Vasyliunas-cycle
tail X-line

Dawn

Dungey—cyM
return flow

Sub-corotating
“Hill region”

Vasyliunas-
cycle flows

Dusk

Dungey-cycle
magnetopause
X-line

12-16 September 2005

Magnetospheres-

Sub-corotating]
“Hill region”

Vasyliunas-cycle
flows

-

l\:\‘\Dungeyfc:ycle
magnetopause
X-line

Equator View

Norbert Krupp

and Outer Planets

MPS)

7
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Equatorial
View
Polar View

Cowley et al. 2003 Side View

MFS)
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Hill Region

[ 3 5 Sub-

Polar View y/ corotating
Q 7 plasmasheet

Main Auroral Ov

Cowley et al. 2003 Side View

MPS)
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Polar View r quatorial
lew

Inward motlon N
--> |ess load on IN

Outward motion
--> more load on
lonosphere

Outer Magnetosphere

“Cushion Region™ \ &\ :

Side View . F{\
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Polar View

Magnetospheres-Earth and Outer Planets

Important Is
the Dungey

How Much of
Polar Flux is
Open?

IMPRS Lecture @ MPS

Side View
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:Iﬁlllllllllllllllll—-

Eal |

i
i

“lInterchange

Leaka.:ﬁ"-— —=
of particles —

2

§ b= Injection —
events

: ,' Particle
-y {bUrsts -

events
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Ganymede magnetosphere
A magnetosphere within a magnetosphere

MES)
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Intensity (cps)

Galileo Ganymede Encounter G29

28 Dec. (D363) 2000

TR T T
T

e P

v
100 ———
075441 0B8:00:00 08:10:00

7.54 6.33 413 g
R (GAN)

20000

2 15000+

7 10000

S000

EI_
0 LeBe
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500
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300+
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100+ ,

Intensity (cps)

Q-+00

LPA
Al:42-65 ke Z > =1 jons
E1:29-42 keV electrons
F2; 304-527 keV elecirons

Data gap

Background measurements (BG)

06:40:00 08:50:

6.1

Intensity (cps)

I 1l2fr I

LPA

0o
1

1800

Williams, JGR, 2004

EPD results from Galileo‘s
orbit 29

« Ganymede's
magnetosphere more
complex

Electron beams may be
formed by the entry and
subsequent quasi-
chaotic drift of ambient
Jovian electrons

MPS)
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Williams, JGR, 2004

= [agnetopause region (ion anisoiropy dacreasa) EPD resu ItS fI’O m Gal | I eo ‘ SO rb |t 29

—— Measurement of trapped-like electron and ion distributions
®  Electron beams

« Ganymede‘'s magnetosphere
more complex

» Electron beams may be formed
by the entry and subsequent

o sl F ata G4 quasi-chaotic drift of ambient

Jovian electrons

MPS)
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Ganymede:
Multi-Fluid simulations in Ganymede‘s magnetosphere

-
"

Feledmrn ef i, 20D IMP

=

s

= =d

— k3 S BE O T2

=

Log Temperature (V)

— —
g Bk

Paty and Winglee, GRL, 2004:

Simulation results compared to Galileo magnetometer measurements and Hubble
observations of Ganymede's UV aurora

- good agreement of precipitation in the cusp
—> ionospheric outflow rates determined (10"26 ions/s)

MFS)
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plasma-moon interactions

Charge-exchanged neutral
> >

Atmospheric _
sputtering . ~ Pickup ion

>

>
Flowing iy gb o
plasma Photoionization
> e
Scattered
neutrals
After Spencer & Schneigl![@
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Particle Observations:

_.-9(-5;2%1|1i;|:$%)4:.3-r2rt§£§ch;)‘IE}yZE:S‘I,timelil:ksevery 10 minutes starting at 95.341;17:00 ® bounce IOSS Cone (Oo and 1800 PA)
L for protons, oxygen and sulphur
e - additional loss cone at 90- PA for
sulphur
20,00 10,00 000 £ 10.00 20,00 POSS|b|e IOSS mechanism S:
PAD for TO2 and TSt  bounce loss cone: s.catterlng
oo S5 TIOS424 10 5.341.16 2052 = . 10a0? processes near Jupiter
/ = B.0x107
60au” — depletion at 0- (and 180-) pitch
1o angle
» scattering processes in lo-torus
region

Ao — depletion at 90- pitch angle

2.0x107

17:48 18:00

1150 1159
587 573

UT, Loc. Time, JSE.

L tal., 1998
agg et a MF{S\
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70° < o < 90°
30° < o < B0°
—— 5%< ¢ < 20°

Iga Distributions, TO2 and TS1

16:56:44-16:59:02

2.0x10°

oxygen
to2_16 26-51 keV/nucl

Possible loss mechanisms for 90 deg
PA:

1.0x10°

bounce resonant waves

satellite sweeping

shell splitting

particle-particle interactions in lo-torus

sulphur
ts1_16 16-30 keV/nucl

©
=
£
S
i)
x
o
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o
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£
x
>
=
o
2]
=
o
Q

Lagg et al., 1998
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— Coulomb scattering — small cross section

— charge exchange ion-ion — not observable with EPD
— charge exchange ion-neutral:

estimating average neutral number density n and lifetime tau_cx [Ip, 1981]:

lm

—n " N Torus ( ?\‘) g 1
?\'m = / — 7y 4as Y as Tex = =
(Aon) . V| (A) : " © NGOV

assume Gaussian distribution for neutral torus density:

- ?\')2 "'_RTorus ? (x)
R Torus (’1 7\‘) = npEXp (To exXp ( 0 ) R nogeXp To

n,T_,n vs.equ. Pitch Angle

2

L=6.00,0_=1.00e-15
A,=10.00%T =1.00 R

B D_, J
nD—BO.DD cm
time=5.0e+04 s

—
o
@
N
®
=
—_
o
=
£
B
c
N
=

Lagg et al., 1998

MPS)
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channel energy reaction Ocx ' Ao
[keV/nucl] [cm?] [s] [°]

sulphur
TS1 16 - 30 St+X 236-10P 21.10> 3.0-10° 17
TS2 30-62 2.02-10°5 44.10° 1.9-10° 23
TS3 62-310 9.00- 101 4.9.10> 1.4-10° 23
oxygen
TO1 12 - 26 Of+X 151.10° 6910 23-10° 31
TO2 26 - 51 1.09- 10~ 2.8.10° 2.3-10° 30

modell/observation of density OI [cm °] density SI [cm °]
Brown [1981] 30

Smith and Strobel [1985] 30 6
Skinner and Durrance [1986] >29+16 >6+3

this work '

L tal., 1998
agg et a MF{\
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Pitch :‘kna%_lée5 Distributions

21:19:07-21: o
" .+ p(80-220 keV)

12Charge Exchange Window, p*, A,=15°
i -—'.-

3x107°

=
=
=
=
5=
ox
o
zw
lruTl—
ez
£
S

ke -
1.6e-16 cm”

100

11:18LT, 9.20R .
4 Pitch Angle [deg]

interaction time [days]

4x107
8x10°®

O 20 40 60 80 _0O 20 40 60 80 100 D, Parameters:
100 AL=10 AL=2.0
neutral number density [cm™] As=3.0 As=3.0

Lagg et al., 2001
MPS)
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