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 Quantum gravity and Cosmological inflation deserve a preliminary short discussion 

.  

 The Helmholtz – DIAS International School "Cosmology, Strings, New Physics". 

            The lectures will be supplemented by evening discussion sessions.  

  ------------------------------------------------------------------------------------------------------------ 



COSMOS (as seen by a 6-year-old-boy) 



4-2000 BC.  First astronomical observations in Egypt, Central America, England (Stonehenge) 
IV cent BC.  Greeks  Eudoxus,  Aristotle:                                              an earth-centered universe. 
260 BC.        Greek Aristarchus of Samos (c. 315–230 BC)  proposes a sun-centered universe. 
c. 150 AD.    Greek-Egyptian Ptolemy (2nd century AD) developed an earth-centered universe. 
 
1543.  Copernicus publishes his sun-centered theory of the universe (solar system). 
1576.  English mathematician Thomas Digges (c. 1546–1595) proposes that  Universe is 
            infinite  because the stars are at varying distances   
1576-1597.  Tycho de Brahe’s most complete observations of stars positions. 
1584.  Italian philosopher Giordano Bruno (1548–1600) states that the Universe is infinite. 
 
1609-1610.  Galileo’s observations with his `telescope’.      Kepler’s telescope with 2 lenses.  
1632. Galileo champions Copernicus’s sun-centered universe, but is forced Inquisition to recant. 
1666-1671.  Newton constructs the first  telescope - reflector… 
1687, 1713, 1726   Newton’s `Principia’.   1729 edition with added  “The Laws of the Moon's Motion,    

                                                                                                             according to Gravity”    by John Machin 

1705.   Edmond Halley discovers the proper movements of stars. 
1779-1784.  F. W. Herschel  (astronomer and composer)  discovers binary and multiply stars 
 
1845. William Parsons (Lord Ross) discovers spiral structure of some nebulae ……….. 
 
 (Differential geometry: Gauss, Lobachevski; Riemann, Hemholtz; Beltrami, Levi-Civita, Ricci…) 
 
1912-1914.  Vesto Slipher determines high velocities of 11 spiral nebulae fast fleeing away… 



         COSMOLOGICAL OBSERATIONS  - THEORIES - PREDICTIONS - DISCOVERIES  
 
 end XIX – begin. XX: …Maxwell, Hertz, Lorentz, Poincare, Planck, Einstein, …. - new theor. physics… 
   
1915-1916. Einstein‘s General Relativity (GR) (the final equations; the detailed review 20.03.16) 
 
1917.  Einstein proposes a closed static universe theory (the first relativistic Cosmology) 
                  Further predictions:  Gravitational Waves; Black Holes  (K.Schwarzschild); 
                                                              controversial   cosmological constant 

 
1922. Alexander A. Friedmann :  the expanding Universe solutions of Einstein’s equations    
1923: Einstein: Extension of GR to affine geometry with additional vector field (DE and DM ??) 
1927… G. Lemaître proposes a detailed theory of the expanding Universe (using Slipher’s and, 

later, Hubble’s data).    Earlier, he independently derived the Friedmann solutions (unpublished) 
                                                                                                        Mathematical work:  H.Weyl, E.Cartan, O.Klein 
 
1929. Edwin Hubble demonstrates (in fact) the expansion of the Universe (also with Sl.’s dt.) 
 
1935  Einstein-Rosen  bridge (ER),  ER + Boris Podolsky  paradox (EPR) 
1937. Einstein and Nathan Rosen derived exact cylindrical gravitational waves 
  
 1946.  George A. Gamov – the Hot Big-Bang  theory, prediction of Relic photons at 3 K (CMB).  
 1965. Al. Penzias and Rob. Wilson – observation of bkg. radiation  (rem. Dicke e.a.)     
  



Albert Einstein, 14.03.1879 – 18.04.1955 



Georgij Antonovich Gamov 

  4.03.1904 – 20.08.1968 

Yakov Borisovich Zel’dovich 

    8.03.1914 – 2.12.1987 



                                             Now certainly discovered:  

 

 Background  Radiation,   homogeneity and isotropy of the Universe (with corrections);  

  

 Black Holes,   Dark Energy,   Dark Matter;      the `Age’ and `Radius’ of our Universe.  

 

                                       

                                        

                                       Well established theoretical models: 

 

     Realistic FLRW cosmological models  (homogeneous, isotropic, based on  GR) 

 

  Inflationary Models (GR + scalaron) with possibility to confront  them to observations  

                                                                                                    (small amplitude GW).    

     

             Observed!  Nonlinear Gravitational Waves from collision of 2 black holes!    

     

    The problem of baryons in our Universe (abundance clarified,  

                                                                                               antibarions problem still-?)  



         * Beginning of Inflationary models  and Quantum Creation of Universe ideas 

          A.D.Linde,  A new inflationary Universe scenario: a possible solution of ….1982  

 V. Mukhanov, Physical foundations of cosmology, Cambridge Univ. Press, NY, 2005. 

                   Books and reviews on early universe and inflation 

A.Linde,  A brief history of multiverse. 1512.01203 



Three features of quantum theory are striking from the present perspective: its success, its 
rejection by some of our deepest thinkers, and the absence of compelling alternatives.   

gr-qc/0602013 









                                  Beginning of quantum cosmology 
  

J.Halliwell, Introductory lectures on quantum cosmology, 1990  (arXiv:0909.2566) 

(a thorough review of approaches to quantum cosmology, including work of 

J.Wheeler, B.De Witt, S.Hawking, J.Hartle, A.Vilenkin, V.Rubakov, etc.). 

                                       [see also A.Vilenkin, `Many worlds in one’(2006). @Rus.tr.] 

Note the pioneering works of Ya.B. Zeldovich and A.D.Sakharov, not mentioned  in the review.         

 

 

Ideas on relation between entanglement in quantum theory and gravity 
 

  Raphael Bousso and Leonard Susskind, The multiverse interpretation of quantum  

mechanics, 1105.3796 (discussion of decoherence of q-states in modern approach) 

 

  Mark van Raamsdonk, Comments on quantum gravity and entanglement, 0907.2939 

               Building up spacetime with quantum entanglement, 1005.3035  (short essay) 

 

Dmitri Fursaev, Proof of holographic formula for entanglement entropy, hep-th/0606184 

 

Juan Maldacena and L. Susskind, Cool horizons for entangled black hole, 1306.0533 

 

     L.Susskind, Copenhagen vs Everett, teleportation, and ER=EPR, 1604.02589,  



  Maldacena and Susskind,    Cool horizons for entangled black holes,  1306.0533.  
  
General relativity contains solutions in which two distant black holes are connected  
 through the interior via a wormhole, or Einstein-Rosen bridge. These solutions can  
 be interpreted as maximally entangled states of two black holes that form a complex  
EPR pair. We suggest that similar bridges might be present for more general entangled 
states.  



                                         

THANKS! 










