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      Sputtering       Structural          Chemistry   Implantation       Residues    

      changes  

 

keV-MeV ions  

UV photons 

 

                 ICES 
 
 

Experimental study of the effects induced by fast 
ions on solids of astrophysical interest have been 
performed in several laboratories in the world 

Techniques of analysis : 

IR Spectroscopy 

Raman Spectroscopy 

Mass Spectrometry 



 

 

 

 

 

 
GANIL Laboratories (Caen, France)  

 

LASp  (Catania, Italy) 



Sackler Laboratory for Astrophysics (Leiden, The Netherlands)  

Keck Research Laboratory in Astrochemistry (Honolulu, USA) 



A still open question is to understand if those species are 

native from the satellites or are synthesized by exogenic 

processes such as ion implantation. 

Near IR observations made by the 

NASA Galileo spacecraft showed that: 

Other absorption features (*) and their prime 

candidates are: 

3.4 m (~2940 cm-1) C-H 

3.5     “  (~2857 cm-1) H2O2 

3.88   “ (~2580 cm-1) S-H, H2CO3
**    

4.05   “ (~2470 cm-1) SO2 

4.25   “  (~2350 cm-1) CO2 

4.57   “ (~2190 cm-1) CN 
 

* McCord et al.,1997a,b 
**Hage et al. 1998. 

On Europa, Callisto and Ganymede H2O ice is dominant  

Callisto 

Ganymede 

Europa 

On Io SO2 ice is dominant  



Ion fluxes 

Global Average Energy Flux 

in keV/(cm2s) 

Io  1 x 109  

Europa  4 x1010 

8x1010  

Ganymede  5 x109 poles   

2x108equator 

Callisto  2 x108  

After Johnson et al. 2004. In: Bagenal et al. (Eds.), 

Jupiter: Planet, Satellites, and Magnetosphere. 

Cambridge Univ. Press, Cambridge, UK, p. 485 

Ion Energy  Fluxes 

cm-2s-1 

<  1 MeV 1011-1013 

> 1 MeV 108-1010 

In the laboratory 



        Carlson et al.  

(Science 283, 2062, 1999) 

 

 H2O2 found on the surface of  

Europa by Galileo NIMS spectra 

 Radiolysis is supposed to be  

The formation mechanism 

 



O. Gomis, M. A. Satorre, G. Strazzulla, G. Leto 

Planetary and Space Science 52, 371 (2004) 



Sulfuric acid (H2SO4) Hydrate 

Hexahydrite: MgSO4·6(H2O) 

Epsomite: MgSO4·7(H2O) 

Dalton et al PlSpSci 77, 45, 2013  



Dalton et al PlSpSci 77, 45, 2013  





We demonstrate that S-

implantation efficiently 

forms hydrated sulfuric 

acid whose observed 

abundance is explained 

as caused by an 

exogenic process.  



Frozen SO2? 

 

Endogen or Exogen? 

 







Vidal, Bahr, Baragiola, Peters,  

Science 276, 1839 (1997)   

Ozone on Ganymede 

Teolis, Loeffler, Raut,  Famà, Baragiola, 

ApJ 644, L141  (2006)   
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Parkinson, et al. “Enceladus: Cassini observations and implications for 

the search for life” A&A 463, 353-357, 2007. 



What next? 

- Irradiation of Ices: to use more sensitive techniques to evidence the 

formation of complex molecules and/or fragments that are of  primary 

relevance for Astrochemistry/Astrobiology.  

 

- SUPPORT the JUICE ESA Mission 
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