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The	
   25	
   GeV	
   Proton	
   Synchrotron	
   (PS),	
   with	
   a	
   circumference	
   of	
   628	
   metres,	
   was	
   CERN’s	
   first	
  
synchrotron,	
   acceleraDng	
   protons	
   first	
   Dme	
   on	
   24	
  November	
   1959,	
   and	
  was	
   for	
   a	
   brief	
   period	
   the	
  
world’s	
  highest	
  energy	
  parDcle	
  accelerator.	
  Ever	
  since,	
  the	
  PS	
  has	
  accelerated	
  protons,	
  alpha	
  parDcles,	
  
oxygen,	
  sulphur	
  and	
  lead	
  nuclei,	
  electrons,	
  positrons	
  and	
  anDprotons.	
  Today,	
  the	
  PS	
  supplies	
  protons	
  
and	
   lead	
   ions	
   in	
   the	
  pre-­‐injector	
   chain	
   for	
   the	
   LHC.	
   The	
  PS	
  also	
   supplies	
  protons	
   to	
  a	
   target	
  where	
  
anDprotons	
   are	
   generated	
   for	
   the	
   AnDproton	
   Decelerator.	
   The	
   DIRAC	
   and	
   CLOUD	
   experiments	
   use	
  
proton	
  beams	
  from	
  the	
  PS	
  and	
  are	
  situated	
  in	
  the	
  CERN	
  East	
  Hall,	
  located	
  adjacent	
  to	
  the	
  PS.	
  DIRAC	
  
uses	
  a	
  primary	
  proton	
  beam	
  and	
  CLOUD	
  uses	
  a	
  secondary	
  charged	
  pion	
  beam	
  from	
  a	
  proton	
  target	
  in	
  
order	
  to	
  simulate	
  galacDc	
  cosmic	
  rays.	
  

The	
  DIRAC	
  experiment	
  measures	
  Hydrogen-­‐like	
  atoms	
  consisDng	
  
of	
   a	
   charged	
  meson	
   pair	
   at	
   the	
   PS.	
   Dimesons,	
   such	
   as	
   the	
   π+π-­‐	
  
(A2π)	
  and	
  the	
  πK	
  atom	
  (AπK)	
  –	
  provide	
  a	
  unique	
  tool	
  for	
  exploring	
  
low-­‐energy	
  hadron-­‐hadron	
  interacDons.	
  	
  	
  	
  	
  

The	
   measurement	
   of	
   dimeson-­‐atom	
   lifeDmes	
   provides	
  
informaDon	
  on	
  SCATTERING	
  LENGTHs	
  –	
   the	
  basic	
  parameters	
   in	
  
low-­‐energy	
   QCD,	
   to	
   be	
   compared	
   to	
   results	
   from	
   ChPT*)	
   and	
  
la-ce	
  QCD.	
  

*)	
  Chiral	
  Perturba<on	
  Theory	
  

A2π	
  (pionium),	
  produced	
  
in	
  Ni,	
  is	
  detected	
  through	
  
its	
  breakup	
  (ioniza<on).	
  
Alterna<vely,	
  the	
  A2π	
  
annihilates	
  (decays).	
  	
  

The	
  magneDc	
  double-­‐arm	
  spectrometer	
  
detects	
  and	
  iden<fies	
  π+π-­‐	
  (π-­‐K+	
  and	
  π+K-­‐)	
  
pa i rs	
   wi th	
   smal l	
   re la<ve	
   c .m.	
  
momentum.	
  	
  

DIRAC	
  	
  	
  CollaboraDon	
  
with	
  SWISS	
  members:	
  	
  

DIRAC	
  observed	
  DIMESON	
  ATOMs	
  and	
  measured	
  their	
  lifeDme:	
  

	
  Breakup	
  probability	
  depends	
  on	
  atom	
  life<me:	
  	
  	
  	
  Pbr	
  =	
  f(τ)	
  	
  =>	
  	
  τ	
  =	
  f -­‐1(Pbr)	
  	
  

nA	
  =	
  #	
  “atomic	
  pairs”	
  measured	
  
NA	
  =	
  #	
  A2π	
  	
  produced	
  	
  calculated	
  

➛	
  nA	
  /NA	
  =	
  Pbr	
  	
  	
  breakup	
  probability	
  

The	
   CLOUD	
   project	
   invesDgates	
   the	
  
possible	
  influence	
  of	
  galacDc	
  cosmic	
  rays	
  
on	
  the	
  aerosol-­‐cloud-­‐climate	
  interacDon.	
  
For	
   this	
   the	
   proton	
   synchrotron	
   is	
   used	
  
producing	
  pions	
  to	
  simulate	
  atmospheric	
  
ionizaDon	
   condiDons	
   from	
   ground	
   level	
  
to	
  the	
  upper	
  free	
  troposphere.	
  The	
  27 m3	
  

cloud	
   chamber	
   is	
   designed	
   to	
   allow	
   for	
  
precisely	
  controlled	
  experi-­‐ments	
  with	
  a	
  
very	
  low	
  contaminaDon	
  background	
  and	
  
close	
   to	
   atmospheric	
   condiDons.	
   The	
  
unique	
   combinaDon	
  of	
   resources	
  allows	
  
us	
   to	
   run	
   experiment	
   of	
   high	
   relevance	
  
to	
   understand	
   aerosol	
   and	
   cloud	
  
formaDon	
   and	
   therefore	
   their	
   influence	
  
on	
  climate.	
  	
  

Our	
   studies	
   have	
   shown	
   so	
  
far	
  that	
  the	
  main	
  driving	
  force	
  
of	
   aerosol	
   nucleaDon	
   –	
  
sulfuric	
  acid	
  –	
   cannot	
  explain	
  
ambient	
   nucleaDon	
   rates	
   (1).	
  
We	
   showed	
   that	
   addiDonal	
  
ingredients	
   are	
   needed,	
   such	
  
as	
   dimethyl	
   amine	
   (2)	
   and	
  
oxidized	
   organics	
   (3).	
   Also	
  
ions	
   influence	
   the	
   nucleaDon	
  
rates ,	
   be ing	
   e spec ia l l y	
  
impor tant	
   a t	
   ve ry	
   l ow	
  
nuc l eaDon	
   ra te s	
   ( 1 , 3 ) .	
  
However,	
  a	
  full	
  assessment	
  of	
  
the	
   importance	
   of	
   ions	
   first	
  
needs	
   a	
   more	
   deta i led	
  
exp loraDon	
   o f	
   the	
   fu l l	
  
experimental	
  space.	
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