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The Cassini-Huygens space craft:  
 

l  size    6,7m x 4 m 

l  mass:    5700 kg (2500 kg dry) 

l  launch à arrival Saturn:  Okt 1997 à Jun 2004 

l  mission end:   ~ Sept. 2017 

l  11 scientific instruments 

l  3 – axis stabilized  

Our Analytical Lab at Saturn: Cassini-Huygens 



Our Analytical Lab at Saturn: Cassini-Huygens 





Enceladus 





Icy Jets of Enceladus 



Resolution 6m/pixel 



Fitting combinations of both contributions with a
consistent E-ring particle background to the data,
and requiring that no second peak develops in the
rate at the closest approach, we can estimate the
maximal strength of the impactor-ejecta dust
creation at Enceladus relative to that of the south
pole source (Fig. 1B). From this fit (HRD data
for Rp 9 2 mm), we can infer the rate of particles
larger than 2 mm emitted by the south pole
source and escaping the moon_s gravity to
amount to 5 ! 1012 particles s–1, whereas the
impactor-ejecta mechanism would produce at
most 1012 such particles s–1. These numbers
correspond to an escaping mass of at least 0.2
kg s–1, assuming Rp 0 2 mm for all grains. For
an extended size distribution, this rate may
extend to kilograms per second. The E-ring
particle background, which is naturally contained
in the HRD data, has been simulated, following
the motion of particles subject to gravity and
perturbation forces (18, 19), until they are lost in
collisions with Enceladus, other E-ring moons, or
the main rings. A self-consistent combination of
the simulated dust populations is in reasonable
agreement with the observed HRD rate (Fig. 1B).

A differential particle size distribution in-
ferred from the data of both HRD sensors fits to a
power law n (Rp) º Rp

a with a slope a È j3

that remains almost constant during the flyby
(Fig. 1C). This near constance of the exponent
indicates that the dynamics of larger grains is

Fig. 2. Side view of a simulated
dust plume at Enceladus’ south
pole. Contours of equal column
particle density are shown in a
Cartesian frame fixed at the
center of the moon. The brightest
contour denotes 107 particles per
m2, the column density dropping
by one-half from level to level.
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Fig. 1. Comparison of
the CDA data to simu-
lations. (A) Particle den-
sity in the plane of
Cassini’s trajectory esti-
mated from simulations,
darker shades referring
to a higher density. The
impactor-ejecta process
(left) leads to a more
symmetric dust cloud,
whereas a localized source
at the south pole of the
moon (right) shows a
strong asymmetry. Circles
denote the intersection of
the plane with the Hill
sphere of gravitational in-
fluence, and the normal
projection of the moon’s
center (not in that plane)
is marked by a cross sym-
bol. Cassini’s trajectory is
plotted as a dash-dotted
or dashed line, respective-
ly. The central plot shows
the count rates predicted
by the simulations com-
puted along the actual
spacecraft trajectory, both
normalized to the peak
rate of the data shown
in histogram mode. (B)
The sum of the rates de-
rived from the two sim-
ulations and the simulated E-ring background, normalized to the
observed peak rate. The maximal strength of the impactor-ejecta process
relative to that of the south pole source is chosen in a way that no
secondary peak develops in the combined rate near the closest approach.

(C) The slopes of the differential size distribution n (Rp) º Rp
a versus

time to the closest approach. The increase of a for t 9 4 min is due to a
maneuver of Cassini and the related change in the instrument’s
boresight.

SPECIALSECTION

www.sciencemag.org SCIENCE VOL 311 10 MARCH 2006 1417

Fitting combinations of both contributions with a
consistent E-ring particle background to the data,
and requiring that no second peak develops in the
rate at the closest approach, we can estimate the
maximal strength of the impactor-ejecta dust
creation at Enceladus relative to that of the south
pole source (Fig. 1B). From this fit (HRD data
for Rp 9 2 mm), we can infer the rate of particles
larger than 2 mm emitted by the south pole
source and escaping the moon_s gravity to
amount to 5 ! 1012 particles s–1, whereas the
impactor-ejecta mechanism would produce at
most 1012 such particles s–1. These numbers
correspond to an escaping mass of at least 0.2
kg s–1, assuming Rp 0 2 mm for all grains. For
an extended size distribution, this rate may
extend to kilograms per second. The E-ring
particle background, which is naturally contained
in the HRD data, has been simulated, following
the motion of particles subject to gravity and
perturbation forces (18, 19), until they are lost in
collisions with Enceladus, other E-ring moons, or
the main rings. A self-consistent combination of
the simulated dust populations is in reasonable
agreement with the observed HRD rate (Fig. 1B).

A differential particle size distribution in-
ferred from the data of both HRD sensors fits to a
power law n (Rp) º Rp

a with a slope a È j3

that remains almost constant during the flyby
(Fig. 1C). This near constance of the exponent
indicates that the dynamics of larger grains is

Fig. 2. Side view of a simulated
dust plume at Enceladus’ south
pole. Contours of equal column
particle density are shown in a
Cartesian frame fixed at the
center of the moon. The brightest
contour denotes 107 particles per
m2, the column density dropping
by one-half from level to level.

-200 -100 0 100 200
KILOMETERS

-500

-400

-300

-200

K
IL

O
M

E
T

E
R

S

Fig. 1. Comparison of
the CDA data to simu-
lations. (A) Particle den-
sity in the plane of
Cassini’s trajectory esti-
mated from simulations,
darker shades referring
to a higher density. The
impactor-ejecta process
(left) leads to a more
symmetric dust cloud,
whereas a localized source
at the south pole of the
moon (right) shows a
strong asymmetry. Circles
denote the intersection of
the plane with the Hill
sphere of gravitational in-
fluence, and the normal
projection of the moon’s
center (not in that plane)
is marked by a cross sym-
bol. Cassini’s trajectory is
plotted as a dash-dotted
or dashed line, respective-
ly. The central plot shows
the count rates predicted
by the simulations com-
puted along the actual
spacecraft trajectory, both
normalized to the peak
rate of the data shown
in histogram mode. (B)
The sum of the rates de-
rived from the two sim-
ulations and the simulated E-ring background, normalized to the
observed peak rate. The maximal strength of the impactor-ejecta process
relative to that of the south pole source is chosen in a way that no
secondary peak develops in the combined rate near the closest approach.

(C) The slopes of the differential size distribution n (Rp) º Rp
a versus

time to the closest approach. The increase of a for t 9 4 min is due to a
maneuver of Cassini and the related change in the instrument’s
boresight.

SPECIALSECTION

www.sciencemag.org SCIENCE VOL 311 10 MARCH 2006 1417

Cassini Flyby 14 Juli 2005 
 

closest approach: 270 km 



Enceladus properties 
 

 
 

l  eff. Diameter:    D = 502 km 
  

l  density:   ρ  = 1610 kg/m3 

  

  rocky core:  D ~ 330 - 400 km  

l  temperature:   TAequator. ≈  75 K 
  

    TTiger Str.  ≈ 190 K  
 

l  south polar emission   > 15 GW   
  

l  energy sources 

radio activity:    < 0.5 GW 
   tidal forces:    ~ 1.0 GW 

 
  no steady state possible! 

   



CIRS temperature map 
 

Damaskus Sulcus 
 

August 2010 

190 K 

120 K 

170 K 

1 km 
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Plume properties 
 

l  gas emission   150 - 250 kg/s 
 

 gas speed    ~ 400 – 1500 m/s 
  

l  ratio: gas/icy dust  ~ 2 - 5 
   

l  dust particel size  0.001 – 10 µm 
  

l  dust particle speed  10 - 300 m/s 
  

 escape speed   ≈ 230 m/s  

 à       gas- and dust flux are decoupled 

 à       0.5% - 5 % escapes and forms Saturn‘s  

  E-ring (~1 kg/s) 

l  relatively steady emission over years 

l  matter emitted by Enceladus dominates 

Saturn‘s environment even beyond Titan! 

 



Composition 
 

l  Gas phase: 
  

l  H2O   > 92 %  

l  CO2        ~ 0.5 - 5% 

l  volatile organics  ~ 1 – 3 % 

l  NH3   ~ 1% 

l  CO   < 3% 

l  N2        < 0.5 % 

l  Na   < 0.0001 % 

l  surface (from IR-spektroscopy): 
  

l  almost the entiry surface is pure water ice 

l  exception: CO2 inclusions and traces of organic material 
at the Tiger Stripes 



Since when is 
Enceladus active? 

 

Estimate: 

l  from E ring profile 

àactive since > 1000 Jahren 

l  from „depth of snow“ 

 

Kempf  et al., Icarus 2009 



Schenk et al. 2011 



Schenk et al. 2011 

Since when is  
Enceladus active ? 

 

l  snow layer > 100 m more than 

100 km away from sources  

l  à requires activity of 

      > 10.000.000 years 



From C. Porco, Scientific American, 2008  

Liquid Water ? 



clathrate decomposition 	


	



-> volatile gases are suddenly 	


    “set free” and drag along	


    ice particles	


	



-> H2O fomrs from sublimation	


    of entrained ice particles	


    	



water reservoir(s)	


	



-> slow evaporation	


	



-> ice particles from frozen spray	


    (aerosols)	


	



-> … and vapor condensation	


	



“boiling” water	


	



-> fracture exposes 	


    liquid suddenly to vacuum	


-> explosive boiling produces	


    H2O gas, liquid, and particles	



sublimation of warm ice	


	



-> H2O gas	


	



-> icy particles from through	


    recondensation from vapour	


	



Water ? 

	



	





Chemical and Dynamic Characterisation of  Saturn’s Dust Environment:  
 Cosmic Dust Analyser (CDA) 





CDA measurements of  E-Ring populations 
Postberg et al. (2008, 2009) 

l  ~ 90% of  E ring spectra show almost pure water ice  

l  (H2O)nH+ cluster from defining pattern à pattern strongly varies with impact velocity 

Type I - Spectrum 



l  ~ 6% of  all E ring Spectra 

Type III - Spectrum 

 

l  (NaOH)nNa+ cluster indicate strongly enhanced Na abundance (Na/H2O > 10-3) 

l  (NaCl)nNa+
 and Na(Na2CO3) Na+ cluster: 

      ⇨  NaCl + NaHCO3 / Na2CO3 are the Na bearing compounds 
l  K-salts at much lower concentration 
 

CDA measurements of  E-Ring populations 
Postberg et al. (2008, 2009) 



Type III - Spectrum 

Mass (u) 

l  Reproduction of  CDA spectra in 
the laborartory 

-  simulation of   impact-ionisation:  

-  à IR-Laser on µm water droplets 

-  à High-res TOF mass spectra 

-  à Test with different salty 
solutions 

 

l   Best Fit: 

-   NaCl:         0.1 - 0.2   M/L 

-   NaHCO3:  0.05 - 0.1 M/L 

-   pH  :  ~ 8.5 

-   Na/K:  ~ 100 



 ⇨ 98% ice, 1 - 2% salts   
 

 ⇨ NaCl , NaHCO3 / Na2CO3, KCl    
  
 à saltwater with alkaline pH (8 – 9) 
                            

 

⇨ Exactly these components were predicted for an 
Enceladus Ocean! (Zolotov, GRL 2007) 

salt-rich water ice  
Postberg et al. (2008, 2009) 

NASA / JPL 

Type III - Spectrum Type III - Spectrum 



 CDA measurements at close encounters 
Postberg et al. (2011) 



l  before closets approach: increase of  
percentage of  salt rich particles  

l  Maximum ~5 s after closest approach 

l  salt rich fraction goes down again 

E - Ring 

 CDA measurements at close encounters 
Postberg et al. (2011) 



à salt-rich particles are larger and heavier 
than salt-poor particles 

à heavy particles à lower ejection speed   à 
populate plumes preferably closer to the 
surface 

 

 salt-rich 
salt-poor 

 CDA measurements at close encounters 
Postberg et al. (2011) 



A compositionally stratified plume 

à Enceladus preferably produce 
salt-rich grains 
à liquid water (not ice) must be 
the main source 



How salt-rich particles form ? 

NC: nucleation core	





Bursting Bubbles  
(Lhuissier and Villermaux, PHYSICS OF FLUIDS 21, 091111 (2009)) 



NC: nucleation core	



How salt-rich particles form ? 





Matson et al. 2012 





END 


