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“Ich habe wieder etwas verbrochen in der Gravitationstheorie, was
 mich ein wenig in Gefahr bringt, in ein Tollhaus interniert zu werden‘‘

In a letter to P. Ehrenfest on 4 February 1917 Einstein 
wrote about his introduction of the CC term:
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2 8

A. Einstein, Sitzungsber. Konigl. Preuss. Akad. Wiss., phys.-math. Klasse VI, 142  (1917)

(I have again perpetrated something relating to the theory of gravitation that might

endanger me of being interned to a madhouse.)
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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

In fact, only after Lemaitre's successful explanation of Hubble’s discovery changed
the viewpoint of cosmologists. At this point Einstein rejected the
cosmological term as superfluous and no longer justified. He published his new view 
on it in:    Einstein A. Sitzungsber. Preuss. Akad. Wiss. (1931) 235-37.

The field equations were proposed by A. Einstein in 1915: "Die Feldgleichungen der 
Gravitation". Sitzungsberichte der Preussischen Akademie der Wissenschaften zu Berlin: 
844–847.

Funny enough, after the CC was rejected by Einstein, it was later re-introduced by Eddington in 
order to explain the age of the Universe when H_0 was thought too large (500 Km/s/Mpc) 
implying   t_0  of  only  2 billion years (younger than the Earth!).  Similar proposals were made 
later up to the present time to better adjust the modern measurements of H_0 and the ages of stars

condition for static universe:
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!
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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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Pauli (1933)

(For photons we include 
a factor of 2)

!!
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Renormalized ZPE:

We know now that Pauli’s calculation was actually wrong because
he used the unrenormalized result for the ZPE, which depends on the quartic 
power of the cutoff,  whereas QFT tells us that the renomalized result does not 
depend on any cutof but on the quartic power of the mass (see below) 
So indeed photons do NOT contribute to the renormalized ZPE
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Zero point energy

?
e+

e-

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

e+

e-

Mesurements: 1958, 1997, 2001…

(pressure)
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 The old CC problem as a fine tuning problem
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The
 

CC problem (s)
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He also noticed that in the world with an equal number of bosonic and
fermionic d.o.f. having equal masses, the energy of vacuum fluctuations vanishes. 

Ya.B. Zeldovich, Uspekhi Fiz. Nauk, 95, 209 (1968).

Yu.A. Golfand, E.P. Likhtman, Pis’ma ZhETF, 13, 452 (1971);
D.V. Volkov, V.P. Akulov Pis’ma ZhETF, 16, 621 (1972);
J. Wess, B. Zumino, Phys. Lett. 49, 52 (1974).

The first who suggested a possible contribution of vacumm 
energy to the CC was Zel’dovich

Shortly afterwards it was suggested that there may indeed exist symmetry between bosons and
fermions called supersymmetry (SUSY), which demands equal number of bosonic and
fermionic d.o.f.
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SUSY prediction for the vacuum energy

Wess and Zumino (1974)

!!
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However our world is NOT supersymmetric
 

!!

Maybe the CC is a dynamical quantity

Could be mimicked by a scalar field, quintessence
and the like

If no known symmetry can protect the CC, what else… ?

Or it could be a running
 

quantity in QFT in
curved space-time

Running CC
 

and Newton’s G…
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Time-varying CC models

…
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Running both... and ?

Possible scenario:

Bianchi identity leads to
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Running G logarithmically…

Basic set of equations:
(k=0)
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Soft decoupling law for the RG evolution of  
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!!

!!
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Summarized conclusions
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