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Plasma source of Saturn’s magnetosphere
Moon Enceladus and its plume observations
Cold and dusty plasma observation by RPWS/LP

Dusty plasma effect in the magnetosphere
(suggestion)

MOP 2011 Boston, Morooka et al.
Saturn's Dust and low tempetarure plasma




Plasma in Saturn’s magnetosphere

Solar wind

-

Hot plasma

Cool plasma

Cold Plasma -

Hot Plasma / ' Radiation belt

from Kellet et al. (2009)
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Plasma in Saturn’s magnetosphere

Plasma are accumulated until SR¢ and
centrifugally transported outward.
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Enceladus plume detected by MAG

|

* Bx shows the expected Alfvén wing
of the southern plume.

* By are rather difficult to interpret.

DOY 048 DOY 068 DOY 195

Y (Saturn Direction in Rg)

- A -
-0 8 6 -4 -2 0 2 4 - - - 4 2 0 2 4 6 8 10
X (Flow Direction in Rg) X (Flow Direction in Rg)

MOP 2011 Boston, Morooka et al.
Saturn's Dust and low tempetarure plasma




Cassini
Enceladus flybys

EQ1 2005/03/09 500 EQ/ 2009/11/02 99
EQ2 2005/07/14 172 E@8 2009/11/21 1603
EQ3 2008/03/12 52 E@9 2010/04/28 99
E04 2008/08/11 50 E10 2010/05/18 198
EQ5 2008/10/09 25

E0o 2008/10/31

&ond HUERTS
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Enceladus plume/E ring observations

Plume detection by B perturbation:
Dougherty et al. (2006)

Neutral observations:
Waite et al. (2006), Water vapor 1n the plume

Dust observations:
Kempf et al. (2010), CDA sub-um sized dust
Kurth et al. (2006), RPWS sub-um sized dust
Jones et al. (2009), Coates et al. (2010), < nano meter sized dust

Dust and Plasma observations:
Tokar et al. (2009), high energy 1ons slowing down
Farrell et al. (2010), CAPS & RPWS comparison and suggesting dust pick up
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nano meter sized dust grains

19:06:00

. 1000 Ikm

Singly (negative and positive)
charged nano meter (up to 2 nm)
sized grains are detected.

b2000 km

=% positive grains

Jones et al. (2009)

19:06:00 19:07:00 19:08:00 19:09:00
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Slowing down of co-rotating ion

Counts/s

co-rotating ion slowing down new cold plume plasma

Tokar et al. (2009)
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Slowing down of co-rotating ion

co-rotating ion slowing down new cold plume plasma
Tokar et al. (2009)
very cold ion also here?
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Farrell et al. (2009, 2010)

Orbit 61 Enceladus Flyby
March 12, Day 072, 2008
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Cassini RPWS 2008.03.12 (orbit 61)
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Cassini RPWS 2008.03.12 (orbit 61)
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Langmuir probe theory

Cassini LP 2006.02.27 08:10:0.566 UT

linear

logarithmic

-10
- s

-30 -20

Printed: 07-Feb-2007 09:31 48

10

MOP 2011 Boston, Morooka et al.
Saturn's Dust and low tempetarure plasma




Langmuir probe theory

x 10~ Cassini LP 2006.02.27 08:10:0.566 UT
U > 0 (electron side)

linear
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Langmuir probe theory

U <0 (ion side)

Current of any large energy
particles becomes constant.
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Langmuir probe theory
LP measured currents: 1 =1, % HTy )+ Do+ Ly

From OML theory (with Maxwellian distribution functien; Fahlesson approximation):
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Langmuir probe theory
LP measured currents: [ =1+ Ly )+ Dt L )

From OML theory (with Maxwellian distribution functien; Fahlesson appraoximation):
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Langmuir probe theory
LP measured currents: [ £ 4tk ALy o+ Dt Ly )

From OML theory (with Maxwellian dlstrmutlon functien; Fahlesson approximation):

U <0 (ion side)

N L

2
© kT -
I=A,ng \/Vz sli | Constant current

+

16 2am AVE
—2 .

* v, is relative to S/C speed °[” ' ' N e

Only thermal 1on created the current slope

1078 |

-10
=1

-30
Printed: 07-Feb-2007 09:31 48

10

MOP 2011 Boston, Morooka et al.
Saturn's Dust and low tempetarure plasma




Cassini LP 2008.03.12.19:09:1.3 UT

LP sweep in the plume
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| CassinilLP2008.(?3.12l. 19:06:37.3 UT — LP Sweep
in the plume centre

Electron current saturates due
to very low Te.

sweep current [UA]

[, saturation also indicates the
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RPWS/LP observation shows:
v" Large Ne and Ni in the Enceladus plume.

— Enceladus creates dense plasma.
v N/N. << 0.5 (£0.01 in the plume). — Electron attaches to dust.

v No N. wake effect. — Surrounding plasma is not co-rotating.
vV V.~V <V

Kepler co-rotation®

Electrons are attached to nm- pum Enceladus | outside plume
: : plume (E ring)

sized dust grains,

.
and the charged dusts drag 1ons
to slower speed.
0 <<d, <<, [OER
Charged dust partcipate | TR T
mcollecive ynamics N T
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Havnes number

Using Havnes number, the balance condition for the electric current
into the dust grains can be expressed as [Barkan et al., 1994]:

v

relationship between
de _eU

eU

eU

kT v
P and T

Using the relationship of the total charge density of dust

Calculation does not depend
on dust distribution.
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Havnes Parameter for our measurements

- Dust potential is zero
Distance from Enceladus
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See strong —Bx perturbation in
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Difficult to place this pass in
context with more localized S
source

also suggesting the dust pick up process near Enceladus
from Farrell et al MAPS 2011 talk




Enceladus plume/E ring studies

* Hybrid simulation study
Simon et al. (2011), Kreigel et al. (2011),

Enceladus-magnetosphere interaction considering dusty plume can explain
mysterious By component.

* Nano meter sized dust density estimation by CAPS
Hill et al. (talk yesterday),

Negative grains density = 103 [cm™]
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[Sakai et al., in preparation]

*Clearly much lower than the rigid co-rotation speed.
*V1 start to be scattered out beyond ~7R.
*Vi increases with the distance from the planet.




Effect of the dusty plasma in the magnetosphere
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A Hot co-rotating lons

(picked-up) )
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Negatively Charged Dust Grains

<

Debye length >> Grain inter-distance

Wahlund et al., (2009)

ry << d << A, Charged dust participate in screening & collective dynamics of ensemble




Contribution from secondary electrons

Encelad us far pl ume will make ions colder & slower !

[see also Jacobsen et al., 2009]
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Plasma Speed from Interferometry

Phase: o=k -d+nm

Phase Dispersion: % _ 0 k-d+nr] =
Jw  Jdw

Doppler: w=w,+Kk-v, where v, = (VSC -V

0w _ 0w, (A

1vin k- v
gving Py

Equating:

¢
v.=cosl,, dAf( / .

Plasma inhom.:
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Interferometer results

[Wahlund et al., PSS, 2009]
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