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« EJSM/JGO & RPWI consortia
 LP capabillity
* Near DCE-field capability
- Cassini RPWS/LP experience
» Several electron “populations™? Anisotropy?
« Secondary electrons from energetic particle impacts
« Secondaries from dust impacts
» Dust-plasma effects (charged dust, sheath effects, ...)

- Guidelines for SPIS development
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Radio & Plasma Wave Investigation

(RPWI)
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S/C Modelling support for RPWI Sensor
accommodation

= Potential patterns
— fr. C. Cully code

= Wake & S/C photo-gatterns
— fr. SPIS applied to ROSETTA

— Only SW conditions 0 0.5 1.0
V/V,.
Wake pattern in Solar wind Photo-electron density in solar wind
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= BaselineFour 3m booms on S/C body

= Preferred (Sci. performance) optidfour 1m sticks at tip of solar panels

Calculations by C. Cully
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SPIS development request 1

® (Include photo electrons)
" Include mobile & time variable S/C structures



RPWI Science Performance

Measured Quantity

Range

LP-PWI
Electron density (n., dn/n)
lon density (nj)
Electron temperature (T.)
Lon drift speed
lon temperature upper limits
Spacecraft potential

Electric field vector, SE(f)

Integrated solar EUV flux

MIME
Electron density (1)
Electron temperature
Electric sensor calibration
Effective antenna length of sensors
Deployment length of sensors

RWI
Electric field vector, SE(f)

SCM
Magnetic field vector, dB(f)

RA-PWI
Electric field, 8E(f)

MLA (opt)
Magnetic field component, dB(f)

10* - 10° em™, 0(DC)-20 kIlz
1-10° em™, <1 Hz

0.01 —20 eV, <1 Hz

0.1-200 km/s, <1 Hz

0.01 —20 eV, <1 Hz

+100 V, <1 Hz

DC - 1 MHz (waveform), £1 V/m
Bit resolution: 0.015 mV/m
Expected error at DC: | mV/m
Resolution 0.05 Gphotons/cmz/s

0.0l —1.5:10° cm™
0.01 — 100 eV

100 kHz — 45 MHz

0.1 Hz — 20 kHz
Sensitivity at 1 Hz: 8 pT/\/Hz
Sensitivity at 10 Hz: 0.6 pT/NHz
Sensitivity at 100 Hz: 0.06 pT/NHz
Sensitivity at 1 kHz: 10 fT/NHz
Sensitivity at 10 kHz: 4.5 fT/AHz

1 kHz — 45 MHz

100 kHz — 45 MHz ‘
Sensitivity at 1 MHz: 0.3 fT/VHz

Time scale [s]

Characteristic scales encountered by EJSM/JGO

Wide range of plasma conditions!
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Near DC (sub Hzl-field capability

= “EJSM Electrostatic cleanliness”

— The potential difference between any two surfaces on the S/C shall not exceed 1V,
assuming an ambient current density to the surface of 2 nA/cm2.

- Max error: 6-7 mV/m for long Debye lengths

. Jupiter convection field near Ganymede = 10-20 m4rh V over S/C)

. The ability of LP-PWI to measure magnetospheric eation fields requires a
conductive S/C surface

. Denser plasma near GanymesteshortA, (30 cm — 1m)y2 better than 1 mV/m accuracy

. Solar panel mounted sticks + sensors improve Bast a factor 5 (longer separation
distance & less photoelectrons from S/C & more sytnim configuration)
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Alfvén Waves & Plasma flows

G8 flyby in GphiO coordinates
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SPIS development request 2

= S/C simulations for a wide range of external plasma
conditions

" IncludevxB and other large scale electric fields
(for non-conductive S/C surface)



RPWI Thermal plasma capabilities

® Electron/lon number densities

- LP bias voltage sweeps (both electrons & ions)
— Monitor f,
— Monitor U, (proxy method)

— Continuous sampling of probe current (irdh/n)
[Morooka et al., Ann. Geophys., 2009]

05

— Active mutual impedance

" Electron temperature

: -1

- LP bias voltage sweeps
- Active mutual impedance

Z[R

" |on drift speed

- LP bias voltage sweeps
- Near DCE—field (convectiorExB)
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[eV]

T

e

LP capability to measure thermal plasma

= S/C photoelectrons (fr. ESA SPIS)

—~ Worst problem for J-> 0, less for W. negative

RPWI/LP-PWI, 3m booms, r, .= 5 cm

' S/C photo-¢” limit -
Debye Sheath

. Electron current determination domain

10 -

Vi e [kmvs]

Assumed:
+100 V sweeps
10 pA noise level

Situation will improve if
» LP-PWI sensors on tips of solar panels
1 pA noise level reached

Ion current determination domain

'Noise
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SPIS development request 2b

" |[nclude (ion) ram component
- mV, .22 >> kT,
- Vgclarge
— Especially in eclipse cases

" |nclude wake effects



Cassini RPWS LP

5 cm diameter probe

Obvious notes:
* Very close to S/C (1.5 m)
« Many asymmetric structures nearby

» Will be within S/C sheath except for
very dense plasma conditions

» Designed for Titan’s ionosphere
* Turned out it could do much more




Saturn Plasma Disc
measurements

N, =5 — 150 cnd
T,=05-8eV

E-ring dust

Effects of energetic particle |mpacts§

(few 100 eV electrons)

Plasmat ndrmast Saturnus De flesta forskare | Ytterst har plasmat samma —— Magnetfaltstyrd hasughgt
Saturnus radie vaxelverkar elektriskt med det trodde att plasmats omloppstid som Saturnus och | —— Gravitationsstyrd hastighet ‘
60000 km / negativt laddade stoftet i hastighet i stéllet dess —— Plasmats hastighet
S E-ringen. | detta omréde ndrmar skulle minska linjart \
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Im‘il (H30*, H*och &)
Bestar av negativt laddat
stoft och ispartiklar pa en
tusendels millimeter.

(Rhea 1

KARL ASTRAND UNT

Cassini RPWS LP, Rev 3, 2005.02.16 (DOY = 47)

Ubias [V]

uT 16:00 18:00 20:00 2200 00:00 02:00 04:00 08:00 08:00 10:00
R, 693 593 49 411 357 359 414 501 598 699
LT 135 143 152 167 187 211 231 048 146 215
LAT -0.415 -0.411 -0.381 -0.294 -0.105 0.146 0.32 0.392 0411 0.408



|

Ex: Sweep from Saturn Plasma Disc
ISeC

=0.4 -0.6nA
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Plasma Disc J

Gustafsson & Wahlund, PSS, 2010
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Probe in S/C Sheath Effect?
[Olson et al., 2010]
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T11 plasma wake

Photo e- + 1 €- POP.  Photo e- +,2 e- pop. Photo e—jt1 e- pop.
Cassini RPWS LP Start Date: 2006.02. 27
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e Titan plasma wake

Extend several R,
Cold plasma of ionospheric origin

Anisotropic T in Titan’s plasma
wake/exo-ionosphere?

Small Debye lengths

2006-02-27 (058) 07:50

2006-02-27 (058) 08:39
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) B 5,1
ol 0,
07:50 03:00 08:10 08:20 08:30 08:40
R. 20,68 20,73 20,79 20,84 20,90 20,95
Lon 314,12 319,64 32517 330,70 336,24 341,78 Tll
Lat 0,28 0,28 0,28 0,28 0,28 0,28
LT 1,13 1,14 1,15 1,15 1,16 117
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Interpretation of the sheath effect

O Ap ~r, =sheath effect important
[0 potential from charged object shielded by a
cloud of particle with an 0p§)051te charge =

Cassini LP 2006.02.27 08:10:0.566 UT

rono [A]

5

sheath i -
s=0.831, U ) Whipple, 1965 4 p—sorie
/ID kT ) Walker, 1965 g g
3 : .;.--F'“’/_:{‘"’-".-'v,'-"'/-"" 7
P kT aﬁi_;. }?{T e
U1

In the analysis : each e- population have
a Maxwellian distribution function

What we expect if we have a bi-
S|

Maxwellian




SPIS development request 3

nclude magnetic fieldR)
nclude anisotropic J
nclude case with LP within S/C sheath

nclude “weird” S/C configurations giving
anisotropic potential patterns (e.g., booms,
landers, antenna, thrusters ... etc)



Effects of energetic particles

Cassini RPWS LP Sweep Data Start Date: 2008.5.17

= Secondary es fr.

- S/C
— Probe
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Cassini RPWS LP Sweep Data Start Date: 2008.11.8
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SPIS development request 4

" [nclude secondary electron (& ion) emissions
due to energetic particle radiation

- Fr. S/IC
_ Fr. LP

" |[nclude different energetic particle
distribution functions (energy & pitch-angle)

® Include different surface material possibilities



Wahlund et al.,

PSS, 20
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Distance from equator [103 km]
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SPIS development request 5

" [nclude dust-plasma with significant charge
partition on the negative dust

- Ne+ ZgNg =N,
- Effect on S/C sheath
® [nclude collisions (effect on sheath)

-~ With neutrals
- With charged dust
- Between electrons & ions



Overview: Enceladus EO03 Encounter

Cassini RPWS 2008.03.12 (orbit 61

¢ o Electron depletion w/i
- -S1 [ the ideal co-rotation wake
as =
P F5] [ .
= 21 < No corresponding ion
S 21 [ -
= %1 [ depletion signature
i3 EE
m i B - -
1ot pm-sized dust impact signatures Evilo o E-I’Ing Um-SIZEd dUSt
[ * Enceladus plume

=]

* dust + plasma

[Farrell et al., 2009;
Morooka et al., 2010]

Ion current

log (dI/dU) [A/V] _ ==

RPWS/LP sensitive to
electrons < 8-10 eV

Bias Voltage [V] Bias Voltage [V]

UT 1855
Z[Rg] 3572 19.59



Distance from Equator plane [RE]

a b c d [Morookaet al., 2010]

Time
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! I f AL s LR SRARH FRERE ) IR AR | | | I | | ] | ] I I
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e e b H19:10:00

10l 102 103 104 0 0204 0608 1 0 02 04 06 08 1



Enceladus far plume

® Optimum fit (magenta):
- N.=43 cm3, N, =490 cn?¥
Assuming ion density correct (green)

Assuming electron density correct (cy.
Hardly reach }, levels

l..c= 10 NA = const

can not explain shape of characteristic

= | P characteristic must be due to
thermal ion population

Cassini LP 2008.03.12. 19:09:1.3 UT

02

o
n

sweep current [pA]
o

0.05

T h} =
+  data

Ng
N; s

: 4.3:20) [em3)

Mode¢l parameters

4.9-102 [em~3)
10.5 [km/s]

sweep current [uA]
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Ej ¢ 4.5-102 [em37| ]
I 10.5 [km/s]| |
Ugot -5.3 [V]

Hg ¢ 4.0-100 [em~d)
[#; ¢+ #.0-101 [em3)|7
|vy ¢ 45.0 [km/a]]| {
Ugat -2.B [V)

-10 0 30
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Enceladus central plun

" Electron current saturates!
~ 0.5—2uA ()

-~ No question about that a very dens

plasma exist here

/ KgT,
Ieo = ALP N.de. ﬁ

- NJcnr3]VT JeV] = 5000-10000
" |on current huge (0.1-0J3A)

- Isec<<

= Saturation occurs neagl)= +1V

- Short Debye length necessary
— Collective effects

sweep current [pA]

10°

sweep current [pA |

—
C:*I
b

10°
-30 =20 -10 0 10 20 30

Cassini LP 2008.03.12. 19:06:373 UT

Noise: Dust hits

Model parameters

N : 1.0e+04 [em ]
N, : 2.0e+04 [em ]
v, : B.0 [km/s]
U =3.9 [V]

bias voltage [V]



SPIS development request 6

" [nclude secondary €% ions) from impacting
dust

- On S/C
—- OnLP

" [nclude case where major part of negative
charge Is situated on dust (dust-ion plasma)






U< In Saturn’s
Magnetosphere

" Equatorial Ug-
Plasma Disk (<11-14 Ry) : <0V

- Beyond 11-14 R > 0V
- High N + few V
- Low Ng +15-40V

= Z-dependence:
- Loberegions. +25V to +60V

- SW: + few V

Py
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Contribution from secondary electrons

Encelad US far pIU me will make ions colder & slower !

[see alsalacobsen et al., 2009]

5 XIW'T Cassini RPWS LP  2005.07.14 20:09:18.144 - 20:09:19.167 UT o* 10” Cassini RPWS LP  2005.07.14 20:09:18.144 - 20:09:19.167 UT

No eug. 53 =-1.8, 7.3, 16 [V]

N
25 oelﬁoﬂs_-w -7.3,-16[V]
1926, 23, 4[eV]

oL T'%056,23,4[eV]

4, 34 [om(-3)]
(VF=25 [kmis]
| T'=144,8 [eV]
m 18, 1[amu]
N

Hot & co-rotating
lons + H -

12F

120

c . -f.:‘ o c
- Tt — 08f
S 08 : -
33 06 yolf %, 08f
S 0
£ 04 4 S04t
. : =
o2t 02F
0 B e it | ! ! OMWWJ . \ !
-30 -20 -10 0 10 20 30 -30 -20 -10 0 10 20 30



E-ring plasma
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