
Joan Solà 

HEP Group 
Departament d’Estructura i Constituents de la Matèria (ECM) 

Institut de Ciències del Cosmos, Univ. de Barcelona 

TAE 2015, Benasque,  Sep 20 – Oct 02,  2015 
Joan Solà ( TAE 2015) 



Joan Solà   (TAE  2015 ) 



Joan Solà   (TAE  2015 ) 

!! 



!! 

!! 

Joan Solà   (TAE  2015 ) 



Joan Solà   (TAE  2015 ) 



e+ 

e- e+ 

e- 

e+ 

e- 

Joan Solà   (TAE  2015 ) 



e+ 

e- 

e+ 

e- e+ 

e- 

e+ 

e- 

e+ 

e- 

e+ 

e- 

e+ 

e- 
e+ 

e- 

Joan Solà   (TAE  2015 ) 



Pauli (1933) 
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Gauge Principle and the SM of Particle Physics 

SM 
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    The CC problem (s)   
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Bubbles at the Planck scale !!: 

Aside the hot chocolade…the donoughts!! 
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Opening Pandora’s box 
of Cosmology (DM+DE)!!… 

SM (et al) becomes a “bit” shaken  
and  even badly beaten by cosmology issues ... 
despite  its present “glory”... Joan Solà   (TAE  2015 ) 
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 ‘’Canonical’’ definition of Dynamical Dark Energy 
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(unmixed conservation laws) 
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Nice feature of quintessence field: 

Problems with quintessence field: forgets SM vacuum!! 
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With  phantoms the situation is worst: 

``Big Rip’’  



quintessence 

phantom DE 
``Big Rip’’ 

Various Forms of DE versus matter 
Beyond the CC 

matter 

radiation 
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Vacuum Energy and Quantum fluctuations  

(quantum of action)  Planck const. 

Heisenberg’s 
Uncertainty  
Principle 
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Zero point energy  
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Planck+Einstein: 
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Casimir effect  

Hendrik Casimir (1909-2000) 
 

Electrically neutral conducting plates 
attract each other in the vacuum! 

Proposed: 1948 

Measuring the energy of the  
quantum vacuum !! 
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Casimir effect 
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Mesurements: 1958, 1997, 2001… 

(pressure) 
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The CC problem stems from realizing that the effective or 
physical vacuum energy is the sum of two terms: 

 The old CC problem as a fine tuning problem 
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 “Fine” details of the Fine tuning problem !! 
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 Dynamical vacuum models with variable G 
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