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Eichler et al. GRL  2009 

solar activity & temperature 

Before 1850 changes in solar activity was the main driving force 
of temperature changes in the Central Asian Altai. 
After 1850 additional contributions as greenhouse gases. 

Temperature proxy: ice core oxygen isotope 
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 cosmic rays and cloud cover 



possible mechanism 



 Cosmics Leaving OUtdoor Droplets 

CCN Cloud cover Climate change 

GCR Ions  Nucleation Growth 

CLOUD 



CLOUD collaboration 

Support in Switzerland: 

    - FORCE project 

    (linked to smog chamber 

     project at PSI) 

Support in Germany: 

    - BMBF 



CLOUD chamber 

T11 PS 3.5 Gev/c π+ 

up to 3000 ion pair/cm3 



CLOUD chamber 
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typical experiment 

Ternary nucleation H2SO4 + H2O (+ NH3) 
 

Experimental temperature range  +20°C to -
25°C 



results nucleation rates 

As the temperature is reduced, 
lower H2SO4 concentrations 
are sufficient to maintain the 
same nucleation rates, due to 
decrease of the H2SO4 
saturation vapour pressure. 

Ground level ionisation 
enhances the neutral 
nucleation rate by a 
factor of 2 at 298 K. 

Kirkby et al. Nature 2011 



results role of ions 

J = Jn+k[Ion-]p          p= 0.7–1.0 



results ammonia 

Mass spectrometry shows that at 
292 K the clusters containing more 
than 4 sulfuric acid are found always 
together with additional nitrogen-
containing molecules   (NH3, amines, 
urea). 

Contaminants play a crucial role. 

NH3 intentionally added. 



results ambient data 

At 292 K we measured 
nucleation rates 1000 times 
smaller than the nucleation 

rates observed in the 
atmosphere 

additional nucleating 
vapours are needed 



next 

 Ion induced growth enhancement?  



conclusions 

 First quantitative measurement of ion-induced nucleation. 

 Background contamination resulted in an interesting "fault".  

 H2SO4+H2O alone cannot explain atmospheric nucleation. 

 New experiments with organics in 2011. 

 Chamber performance test 2011: T down to -88°C.  



Thank you for your attention! 





The negative cluster ion spectra display 
strong, quasi-stable peaks corresponding to 
the charged pure monomer, dimer and 
trimer of sulphuric acid.  
 
At 292K, pure acid clusters with n=4 are 
highly suppressed, showing that the 
charged pure tetramer is unstable and 
evaporates rapidly. The clusters are 
seen to grow by a striking stepwise 
accretion of NH3 molecules, each one 
stabilising a distinct additional number 
90 of acid molecules, depending on the 
ammonia concentration 

results APiToF 



wall losses 



negative ions nucleation 


