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Cassini-Huygens Mission 



Cassini Payload 



Huygens Probe 
 

(in-depth study of the clouds,  

atmosphere, and surface of Titan) 



Huygens Payload 



Saturn‘s Icy Moons 

Total number of moons discoverd until August 2015: 62 

Icy moons: all ? 

Major icy moons: Titan, Rhea, Iapetus, Dione, Tethys, Enceladus, Mimas, Hyperion, Phoebe 



Saturn‘s Moon Enceladus 

3.95 RS 

Enceladus 

„Tiger stripes“ 
Discovered by W. Herschel in 1789 

Inner moon of Saturn (orbit at 3.95 RS) 

Radius: RE = 252.1 km   



[Postberg et al., 2011] 

Enceladus‘ South Polar Geysers 

[Spitale & Porco, 2007] 



Saturn‘s Magnetosphere 



Interaction of Enceladus  with Saturn‘s Magnetic Field 

 Saturn‘s dipole field: B0 = 325 nT 

 Magnetospheric plasma: 

 Species: H+, O+, OH+,  H2O
+, H3O

+   

 Density: n0 = 45 - 90 cm-3  

 (Sub-)Corotating with Saturn ( T≈10h ) 

 Plasma velocity u = 30 - 39 km/s  

  Orbital velocity of Enceladus: v = 13 km/s 

 Relative speed u0 = u – v = 17 - 26 km/s  

Sub-Alfvenic 



[Dougherty et al., 2006] 

Interaction of Enceladus with Saturn‘s Magnetic Field 
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3.1: Plasma instruments as charged dust detector  

 in virtue of anti-Hall effect 

 

3.2: Plasma instruments as neutral dust detector 



B-Field Draping and Twisting: Alfven Wing 

Jx = σH  Ey 

+ By   

σH < 0  or  σH > 0 : Hall conductivity 



Pedersen Conductivity 

Hall Conductivity 
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Anti-Hall Effect 



Modeling of the Interaction 
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Simulation Results: Magnetic Field 

E15 

[Kriegel et al JGR 2014] 



Magnetic Field With and Without Dust  

Anti-Hall Effect 
[Kriegel et al JGR 2014] 

[Simon et al JGR 2012] 



Summary of Charged Dust Modeling 

constraint: 

[Meier et al PSS 2014] 
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3.1: Plasma instruments as charged dust detector 

 

3.2: Plasma instruments as neutral dust detector 

 in virtue of Stochastic Equilibrium Model 



MAG as detector of neutral dust 

 

  

 

 Cassini Dust Observations 

 

 - only charged dust is observed 

 - CDA    μm 

 - CAPS 0.5….2 nm (slope) 

 - no direct neutral dust observation ! 

 

 

 

 

 

[nasa.gov] 



Grain Size Modeling of Charged Dust 

● Charged dust and plasma are coupled to the uncharged dust 

● Estimation of uncharged dust from its feedback 

constraint: 

[Meier et al PSS 2014] 



Uncharged Dust Modeling 



Stochastic Equilibrium Model 

N0 : number of uncharged grains (Z=0) in volume V 

[Meier et al PSS 2015] 

NZ : number of grains in charge state Z in volume V 



Stochastic Charging vs. Continuous Charging of a Grain 



Equilibrium States for Low and High Plasma Density 



Eigenvalue Problem for the Dust Densities nZ  at Charge States Z 

Normalization of the Eigenvector: 



Transition Probabilities Between  Neighboring Charge States  

Z  →  Z – 1  : 

Z  →  Z + 1  : 

Pe(Z), Pi(Z) are dependend on the embedding plasma density and temperature 



Solutions of the Stochastic Equilibrium Model 

Range of solutions by: 

-Ti = 1….35 eV 

- Single…..multiple charging of a grain 



CAPS Data and Dust-Plasma Simulation Results for E3 



CAPS Data and Dust-Plasma Simulation Results for E17 



Summary 

1: No Cassini instrument for neutral Enceladus dust 

 

2: Interaction with plasma and charged dust allows 

 determination of neutral dust properties  

 

3: Total nanograin density ~ ⅓ ….1 ion density 

 

4: Most nanograins are charged 

 

5: Neutral grains  ~   1% for singly chargeable grains 

    ~ 25% for multiply chargeable grains 


