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99 years of the CC term in Einstein’s equations!

Conclusions

Inflation and vacuum decay in the early universe

Running Vacuum Models 

Vacuum energy and the CC Problem

RVM’s versus observations: challenging the LCDM
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 Einstein’s Equations 
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Modified Einstein’s Equations 





Joan Solà  



Until about 1930 almost everybody ``knew’’ that the universe
was static, in spite of the two important papers by Friedmann in 1922 and 1924
and Lemaitre’s no less important work in 1927   (recall that Hubble’s law is from 1929)

Einstein himself accepted the idea of an expanding universe only much later

Condition for static Universe:

 Einstein’s Universe in  modern notation
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2016…..Still with         and it will go on and on 

Next year, 100 YEARS anniversary !!
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The CC problem (s)
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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 !!

Joan Solà   (NTHU 2016 )



 Recomputing the renormalized  CC term 
in curved space-time
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 Introducing an external gravitational 
field:  QFT in curved spacetime!



Joan Solà   (NTHU 2016 )



Joan Solà   (Acad. Athens )

Running G logarithmically and        quadratically

Basic set of equations:
(k=0)
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More general running scenarios with      and 

Bianchi identity leads to

Possible scenarios:
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 First evidence of Running Cosmic Vacuum 
with fixed/variable G
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 Increasing  evidence in favor of  of Running Cosmic Vacuum
 from WMAP to Planck 2013 and Planck 2015
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 Dynamical Dark Energy as Quintessence
versus Dynamical Vacuum
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Summarized conclusions

!!
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