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Dust is all over the place:

(images: NASA)



Dust is all over the place:

* main rings, halo & gossamer ring



Dust is all over the place:
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Dust is all over the place:

* main rings, halo & gossam

* stream particles from Io's volcanoes
* dust from the irregular satellites

ring

* external dust, magnetospherically captured

(images: NASA)
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Dust from the Galilean moons:

-> dust exospheres
(Kruger, 1999, Nature)
replenish cirumplanetary
dust environment
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Dust from the Galilean moons:

-> dust exospheres
(Kriuger, 1999, Nature)
replenish cirumplanetary
dust environment

JKrivov et al., 2003
Sremcevic et al., 200:

Gldata +--»

G2 data

G7 data + &

GB data + - «
Model

,Sl

Density I

Number density (m™)

Number

1 " PR A PR
01 02 03 05 1 Radicl Distonce [R ]
sot
Altitude (R(;:l

(Kriuger et al, 1999, Nature) (Kruger et al, 2003, Icarus)




Dust from the Galilean moons:

-> dust exospheres
(Kriuger, 1999, Nature)
replenish cirumplanetary
dust environment

—~._ Modeling

-> relevant for o
JUICE dust hazard L 00y et al., 2003
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Dust from the Galilean moons:

->

ejecta from impacts

of interplanetary dust:
fill region of Galilean
moons

relevant for NaCl -> water
JUICE dust haza (Postberg et al, 2009, Nature)
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Dust from the Galilean moons:

-> ejecta from impacts
of interplanetary dust:
fill region of Galilean
moons

-> relevant for nano-silica
JUICE dust hazard -> hydrothermal activity

(Hsu et al, 2015, Nature)

-> S/C with dust
spectrometer:
analyse grain
composition
* Cassini
CDA@Enceladus
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Dust from the Galilean moons:

-> ejecta from impacts
of interplanetary dust:
fill region of Galilean

moons

1 I id |
-> relevant for e eorey | mpacts generate

JUICE dust hazard

_ SUDA @ 25 km
. | detects 40 ejecta/s
-> S/C with dust ol

spectrometer:
analyse grain
composition

* Cassini L
CDAQ@Enceladus RRIOR T S RIININ TN
* Europa Clipper

SUDAGEuropa Mass Yield ~ 4000

Koschny & Grun, Icarus, 2001; Krivov et al., Icarus, 2003



Dust from the Galilean moons:

-> ejecta from impacts -> habitability:
of interplanetary dust: non-ice composition
fill region of Galilean exchange processes

moons

1 I id |
-> relevant for e eorey | mpacts generate

JUICE dust hazard " SUDA @ 25 km

-> S/C with dust
spectrometer:
analyse grain
composition
* Cassini
CDA@Enceladus
* Europa Clipper

SUDA@Europa Mass Yield ~ 4000
Koschny & Grun, Icarus, 2001; Krivov et al., Icarus, 2003




Galileo Dust Detection Subsystem (DDS)
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B

(@)

D -

E O3STTT®D -
- T T .||||||||||||||||||||||||_|®|_||||||||n
- Mn.\ —

8

Y]

O

)

O
- 0O _

——
......................... opowiuen .
——
S edoang -
—s—
E o D D D e e D D e e D D D e e e e e e e e mm - - - - n|V||n
_ I_
oA

< ™ (Q\]
D D b

[€-..W] ALISNIA H3gGNNN

35

30

LO

Al
.Il.v.
15
LLI

.9

N Z
T
2
=
=

=0
<
o

10

jschmidt Mon Sep 12 11:52:50 2016

rs/jschmidt/Projects/Dyne2/GalileoData/DDSPIot

12



Galileo Dust Detection Subsystem (DDS)
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Galileo
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Dust Model
for the
Galilean Satellites:
JMEM



(Liu et al, JGR, 2016)



dust creation,
launch to orbit:

-> want to test effect of different
starting distributions?
-> dynamics through Hill-sphere (nearly)

generic ,
(Liu et al, JGR, 2016)



long term orbita
evolution:

A -> CPU expensive. Want to

: re-use individual trajectories
dust creation,
launch to orbit:

-> statistical weighting with
probabilities from A
-> want to test effect of different
starting distributions?
-> dynamics through Hill-sphere (nearly)

generic ,
(Liu et al, JGR, 2016)



~10% particles
from surface

-> tabulate phase
space density @
Hill sphere

(Liu et al, JGR, 2016)
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-> for each Galilean moon

~10 CPU hours
-> repeat for various starting
distributions, if wanted
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-> for each Galilean moon

~10 CPU hours
-> repeat for various starting
distributions, if wanted
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DRAG MOONS SOLG

-> long-term integrations (using abscissa values
of Gaussian weighting as starting conditions)

(Liu et al, JGR, 2016)



DRAG MOONS SOLG

planet, inc. higher moments

-> long-term integrations (using abscissa values
of Gaussian weighting as starting conditions)

(Liu et al, JGR, 2016)



JUP RP DRAG MOONS SOLG

planetary magnetic field
+ corotational E field

-> long-term integrations (using abscissa values
of Gaussian weighting as starting conditions)

(Liu et al, JGR, 2016)
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radiation pressure
and Poynting-Robertson drag

+ r
DRAG

SOLG

-> long-term integrations (using abscissa values
of Gaussian weighting as starting conditions)

(Liu et al, JGR, 2016)



DRAG

)

plasma drag

MOONS SOLG

-> long-term integrations (using abscissa values
of Gaussian weighting as starting conditions)

(Liu et al, JGR, 2016)
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MOONS

t

gravity of satellites

RP DRAG SOLG

-> long-term integrations (using abscissa values
of Gaussian weighting as starting conditions)

(Liu et al, JGR, 2016)
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DRAG SOLG

)

solar gravity

-> long-term integrations (using abscissa values
of Gaussian weighting as starting conditions)

(Liu et al, JGR, 2016)



+ 7
MOONS

SOLG

)

solar gravity

DRAG

long-term integrations (using abscissa values

of Gaussian weighting as starting conditions)

do this for 10 particle sizes from 0.05 micron

to lcm

integrate until the particle hits a sink:

planet, moons, escape from the system

repeat for each moon: 60,000 CPU hours on
large cluster (CSC Espoo)

(Liu et al, JGR, 2016)



+ 7
MOONS

SOLG

)

solar gravity

DRAG

-> long-term integrations (using abscissa values
of Gaussian weighting as starting conditions)

-> do this for 10 particle sizes from 0.05 micron
to lcm

-> integrate until the particle hits a sink:
planet, moons, escape from the system

-> repeat for each moon: 60,000 CPU hours on

large cluster (CSC Espoo)

save (osculating) orbital elements

~ once per orbit
(Liu et al, JGR, 2016)



3rd step: populate cylindrical grid
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3rd step: populate cylindrical grid
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3rd step: populate cylindrical grid
20
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4th gtep:
co-adding
and
calibration

number density for
grains of size r
in cell 1,3,k

of grid

20



4th gtep:
co-adding
and

calibration o
-Aﬂnoon(552«]7k§70

ﬁmoon 7:7 .7 ]{7;7“ dr :dT/d Pmoon —
( / ) g (5) Vcell(zajvk)
where ¢ =1{¢,0,a,,v}

number density for
grains of size r

in cell i,j,k
of grid

20



4th step:

co-adding A) distributions of

and starting conditions

: : 1st step
calibration o
* Nm()On(f;Za]ak;r)

ﬁmoon ia .7 ]{?;7“ dr :dT/d Pmoon —
( / ) g (5) Vcell(zajak)
where ¢ =1{¢,0,a,,v}

D e Y —
pos and direction
number density for of velocity starting
grains of size r vector

in cell 1,3,k
of grid

20



4th step:

co-adding A) dl?tl‘lblltl?ll? of B)d grid from
and starting conditions 2nd step
calibration 1° Step * l

- .o Nioon 1, .7]{7;70
nmoon(zv.]a ]{;;r)dr :dT/df PmOOn(g) V. l(lé(;’ J]k) )

where ¢ = {¢,0,a, 8,

D e Y —
pos and direction
number density for of velocity starting
grains of size r vector

in cell 1,3,k
of grid

20



4th gtep:

co-adding A) dl?tl‘lblltl(:)ll? of B)d grid from
and starting conditions 2nd step
calibration 1° Step * l

N 1 Nmoon 2, .,]{7;7“
nmoon(l,], k7r)dr :d?“/df P’moon(g) V l(lé(; ]]k) )

where | ¢ = {¢,6,a, 8, )

N——— ———
pos and direction
number density for of velocity starting
grains of size r vector
in cell i,j,k numerical integration:

of grid use Gaussian weights

20



4th gtep:

co-adding A) d1§tr1but1c.>n§ of B)d grid from
and starting conditions 2n¢ step
calibration 1° Step * l

N 1 Nmoon 2, .,]{7;7“
nmC)On(Zv.])k;r)dr :dr/d§ Pmoon(g) V l(lé(; ]]k) )

where | ¢ = {¢,6,a, 8, )

| —
pos and direction
number density for of velocity starting
grains of size r vector
in cell i,j,k numerical integration:
of grid use Gaussian weights

Ntotal (4, J, K3 > 1) = Z Cmoon / dr’ f(T/) Nmoon (1, J, K; T/)

moons

20



4th gtep:
co-adding
and

t
calibration 1% step

ﬁmoon(iaja k; T)dT :dT/

A) distributions of
starting conditions

B) grid from

lznd step

Nmoon(f? 1,7, k; 7“)
Vcell(iajv k)

v

d€ Proon (§)

where | ¢ = {¢,6,a, 8, )

number density for

grains of size r
in cell i,j,k
of grid

o0
ntOtal(i7j7k;>T): Z Cmoon/
r

moons

N———
pos and direction

of velocity starting
vector
numerical integration:
use Gaussian weights

dr’ f(r") femoon (1, 7, k5 77)

Tplausible power

. law: e.g. r-3-7



4th gtep:

co-adding A) d1§tr1but1c.>n§ of B)d grid from
and starting conditions 2n¢ step
calibration 1° Step * l

N 1 Nmoon 2, .,]{7;7“
nmC)On(Zv.])k;r)dr :dr/d§ Pmoon(g) V l(lé(; ]]k) )

where | ¢ = {¢,6,a, 8, )

| —
pos and direction
number density for of velocity starting
grains of size r vector
in cell i,j,k numerical integration:
of grid use Gaussian weights

Ntotal (4, J, K3 > 1) = Z Cmoon / dr’ f(rl) Nmoon (1, J, K; T/)

moons T T
normalization plausible power

from Galileo DDS law: e.g. r-3-7
20



4th gtep:
co-adding
and
calibration

* do the same for the velocity in a given
grid cell

Votal (2, J, k3> 1) = Z Cmoon / dr’ f(rl) 5m00n(i7jv k; T/)

moons T T
normalization plausible power

from Galileo DDS law: e.g. r-3-7
21



4th step:
co-adding
and
calibration

* do the same for the velocity in a given
grid cell

* to reconstruct the flux on a user

specified surface: also store moments
for <v2> and <v3>

O
T7total(iaj7 ki > T) — Z Crmoon / dr’ f(?“/) ﬁmOOn(ivjv k; T/)

moons T T
normalization plausible power

from Galileo DDS law: e.g. r-3.7
21



4th step:
co-adding
and
calibration

* do the same for the velocity in a given
grid cell

* to reconstruct the flux on a user

specified surface: also store moments
for <v2> and <v3>

* populating the grid cells takes about
2 CPU hours for all moons, grain sizes

O
’Utotal(iajy ki > T) — Z Crmoon / dr’ f(?“/) ﬁmOOn(ivjv k; T/)

moons T T
normalization plausible power
from Galileo DDS

N law: e.g. r-3-7
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Calibration, in practice

Galileo Dust Detection Subsystem (DDS)
107"I|‘"'ll""l""l""I'l"'l

E E E _ DDS data (H. I*:(rueger)
DDS detected: particles >0.3 micron’

or >0.6 micron

10°

S
o o

(Krtiger et al, 2009)
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Grain lifetimes
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Grain lifetimes
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Model: Grains from Io only
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Model: Grains from Io only inertial frame
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Model: Grains from Io only inertial frame
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Model: Grains from Io only
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Model: Grains from Europa only
DUST DENSITY: CUT THROUGH THE MIDFLANE
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Model: Grains from Ganymede only
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Model: Grains from Callisto only
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Calibration of the model with Galileo DDS:
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Calibration of the model with Galileo DDS:
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Calibration of the model with Galileo DDS:
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Calibration of the model with Galileo DDS:
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Calibration of the model with Galileo DDS:
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Calibration of the model with Galileo DDS:
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Calibration of the model with Galileo DDS:
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Calibration of the model with Galileo DDS:
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All moons:
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Grains > 10 micron
DUST DENSITY: CUT THROUGH THE MIDFLANE
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Systematic velocities
DUST DENSITY: CUT THROUGH THE MIDFLANE
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Systematic velocities
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Systematic velocities
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In a frame

with fixed N
orientation [0.6pm grains . _Sun ’
towards the *from Ganymede 7
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(Liu et al, JGR, 2016)
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In a frame
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Calculation of fluxes:

J = /dgv f(v) |Use — U] O (cosw)

1

we cannot store the full
velocity distribution
function in each grid point!
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Calculation of fluxes:

J = /dgv f(v) |Use — U] O (cosw)

1

we cannot store the full
velocity distribution
function in each grid point!

and:
approximation J = nv does
NOT hold in many cases!
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Calculation of fluxes:

J = /dgv f(v) |Use — U] O (cosw)

1

we cannot store the full
velocity distribution
function in each grid point!

and:
approximation J = nv does
NOT hold in many cases!

=> save 4 moments of the velocity
components and use known algorithm
to reconstruct the distribution from

the moments
38



Calculation of the flux: Example
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Calculation of the flux:
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e.g. particles >300um accumulated by JUICE:
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e.g. particles >300um accumulated by JUICE:
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e.g. particles >300um accumulated by JUICE:
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Fluxes onto the surfaces of the moons:
space weathering, chemical alteration



Fluxes onto the surfaces of the moons:
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Fluxes onto the surfaces of the moons:

space weathering, chemical alteration
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Fluxes onto the surfaces of the moons:

space weathering, chemical alteration

Ganymede
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Fluxes onto the surfaces of the moons:
space weathering, chemical alteration

Callisto
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Summary

* new model/code to simulate dust environment
of Jupiter

* size-resolved number densities and fluxes
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Summary

* new model/code to simulate dust environment
of Jupiter

*

*

size-resolved number densities and fluxes

applications:
-> dust hazard, degradation of SC hardware
-> pointing information for instruments
on future missions:
JUICE (PEP-JOEE, RPWI)
Europa Clipper (SUDA)
-> characterize external inflow of dust

on surfaces, e.g. Io dust on Europa
-> space weathering
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Summary
* TBD:

Sputtering, variable charging processes,
different materials (e.g. silicates)
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Summary

* TBD:
Sputtering, variable charging processes,
different materials (e.g. silicates)

* future applications of the code to:
-> Jovian main and gossamer rings
-> dust from the irregular satellites
(dark color of Callisto & Ganymede)

Thank You!
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spare slides
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Table 6. Fraction of Retrograde Particles Per Source Moon

rg (pm) lo Europa Ganymede Callisto
0.05 0 0 0 5.45E-5
0.1 0 0 0 7.45E-4
0.3 1.79E-2 1.05E-2 1.04E-2 1.91E-2
0.6 2.43E-2 243E-2 2.85E-2 4.67E-2
1 3.09E-2 2.18E-2 3.64E-2 8.38E-2
2 4.38E-2 2.95E-2 1.20E-2 9.70E-4
5 3.72E-4 5.30E-4 6.95E—-4 498E-4
10 3.15E-6 3.84E-6 2.93E-5 9.28E-5
30 6.17E-7 2.49E-5 8.93E-6 1.51E-4
100 1.29E-5 480E-6 6.31E-6 1.14E-4
300 0 241E-6 2.83E-6 2.50E-4
1000 5.88E-7 9.38E-6 2.79E-6 1.19E-4
10000 4.64E-9 5.80E-6 2.87E-6 8.63E-5
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(Liu et al, JGR, 2016)
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