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Energy of Black Holes,Dark Matter, Dark Energy
 Remo RuffiniICRANet, ICRA and Università di Roma “La Sapienza”
 Thursday 20 October 2005
 “Geometry and the Universe” - A symposium on General RelativityStony Brook University, New York, USA
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Einstein and Levi Civita
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Einstein (1916)
 Rµν − 12 gµν R = kTµν
 ds2 = gµν x( )dx µdxν
 … an incredible conceptual revolution with very few experimental evidences in 1916!
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On the continued gravitational contraction
 Oppenheimer & Volkoff,Phys. Rev. 55 (1939) 374:
 - Free degenerate neutrons- Einstein equations for equilibrium\- Mcrit = 0.7M
 Oppenheimer & Snyder,Phys. Rev. 56 (1939) 455:
 On the “gravitational collapse” of a sufficiently heavy star at the end point of the thermonuclear source of energy described within Einstein theory of general relativity
 Einstein Clusters,Ann. Mat. 40, (1939) 922:
 “On a stationary system with spherical symmetry consisting of many gravitating masses”

Page 5
                        

Einstein Relativistic Clusters
 “If one considers Schwarzschild's solution, [....] there arises the question whether such regionswith vanishing g44 do not exist in cases which have physical reality.
 In fact this can be done by choosing, as the field producing mass, a great number of small gravitating particles which move freely under the influence of the field produced by all of them together. [ ... ]
 We can further simplify our considerations by the special assumption that all particles move along circular paths around the center of symmetry of the cluster. [...].
 The result of the following consideration will be that it is impossible to make g44 zero anywhere, and that the total gravitating mass which may be produced by distributing particles within a given radius, always remain below a certain bound”.
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Einstein, Yukawa and Wheeler
 Dedicated: to Remo Ruffini, companion in the search for the deeper meaning of Einstein great theory, with warm regards, John Wheeler, 5 April 1968
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Princeton 1970
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Equations of motion in Kerr-Newman geometry
 … Although the symmetries provide only three constants of the motion, a fourth one turn out to be obtainable from the unexpected separability of the Hamilton-Jacobi equations… The equations of charged particle orbits can be integrated completely in terms of explicit quadrature.
 Brandon Carter, Phys.Rev., 174, 1559 (1968)
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Magnetized Plasma around
 collapsed stars
 Victor F. Shvartsman,Astron. Zhurnal, 48, 479 (1971)
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The effective potentialof a Kerr-Newmann geometry
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Introducing the Black Hole
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Les Houches, Mont Blanc,
 1972

Page 13
                        

The Black Hole structureThe only three parameters:Mass M, Charge Q and Angular momentum L
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Particles around a Kerr Black Hole
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Pierelli TEST & Takahashi photos
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Landau - Lifschitz:The classical
 theory of fields
 E/µ = 1/√3
 pφ/mµ = 2/√3
 E/µ = 5/(3√3)
 pφ/mµ = -22/(3√3)
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The Uhuru satelliteThe discovery of the binary X-ray sources
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The identification of the first black hole in our galaxy: Cygnus X-1
 • Φ = 1037 erg/s = 104 L= 0.01(dm/dt)accc2
 • Absence of pulsation due to uniqueness of Kerr-Newmann black holes
 • M > 3.2 M
 Leach & Ruffini, ApJ 180 (1973) L15
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Varenna, 1975
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Cressy - Morrison Award (NY, 1973)
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Giacconi, Sweden (2002)
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Extraterrestrial Civilizations working on Kerr metric
 Roger Penrose,Riv.N.Cim., 1, 252 (1969)

Page 24
                        

Ergosphere of an extreme Kerr Hole
 Demetrios Christodoulou, Phys.Rev.Lett., 25, 1596 (1970)
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Floyd - Penrose manuscript
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The Ergosphere
 Ruffini, Wheeler, Phys.Today, January 1971
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The “Blackholic” energy:
 E2 = (Mirc2 + Q2/2ρ)2 + (Lc/ρ)2 + p2
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 Christodoulou, Ruffini, 1971
 Damour & Ruffini 1974
 • In a Kerr-Newmann black hole vacuum polarization process occurs if3.2MSun ≤ MBH ≤ 7.2·106MSun
 • Maximum energy extractable 1.8·1054 (MBH/MSun) ergs
 • “…naturally leads to a most simple model for the explanation of the recently discovered γ-rays bursts”
 The blackholic energy and the Quantum
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Yacob Borisovich Zel’dovich (before)
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Yacob Borisovich Zel’dovich (after)

Page 31
                        

The VelaSatellites
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E=1054 ergs

Page 33
                        

External layersof the star
 Collapsing core
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Electromagnetic field created by the charge segregation at the moment of the collapse.
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Black holeformation
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Black hole
 Dyadosphere(electron-positron plasma)
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External layers of the star
 Black hole
 Pair-electromagnetic (PEM) pulse expansion
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Proper-GRB (P-GRB) emission
 External layers hit by the PEM pulse
 Pair-electromagnetic-baryonic (PEMB) pulse
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Accelerated baryonic matter (ABM) pulse
 Interstellarmedium Afterglow
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GRB 031203
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A model by us accepted by ApJ Lett. (in press)
 Edya = 1.85 x 1050 erg
 MBH = 10 MSun
 ξ = 6.8 x 10-3
 z = 0.106
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A model by us accepted by ApJ Lett. (in press)
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Dark matter and
 Neutrinosin the
 Universe
 Victor F. Shvartsman,ZhETF Pis. Red., 9, 315 (1969)
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Evidence for Dark MatterFlat Galaxy rotation curves
 Active Galactic Nuclei
 Cosmic Microwave Background Radiation

Page 45
                        

Neutrinos and Rotation Curves
 M. V. Arbolino, R. Ruffini,Astron. Astrophys., 192 (1988) 107mν < 9eV
 van Albada, Bahcall, Begeman,
 Sancisi,ApJ 295 (1985) 305
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From Einstein Clusters to Relativistic Clustersvia Zel’dovich Podurets
 Ya.B. Zel’dovich,M.A. Podurets,Sov. Astron AJ 9 (1966) 742
 M. Merafina, R. Ruffini,ApJ, 454 (1995) L89
 V. Cocco, R. Ruffini,N. Cim. B 112 (1997) 271
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Fractal Structure of the Universe
 R. Ruffini, D. J. Song, S. TaraglioAstron. Astrophys., 190 (1988) 1
 N =mPl
 mν
 ⎛
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 3
 de Bernardis, et al. Nature, 404 (2000) 955
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On Dark Energy
 There is a novelty in the Universe or an
 additional problem with the understanding of
 Supernovae?
 Perlmutter, et al.ApJ 517 (1999) 565
 Reproduced from M. Della Valle,with his kind permission
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On an alternative cosmological candle. Gravitational collapseof the charged core of an initially neutral star (< 1 sec.)
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 Plasmaoscillations
 Thermal equilibrium
 Hydrodynamical expansion
 Pair creation
 Ruffini, Vitagliano, Phys. Lett. B, 545, 233, (2002).Ruffini, Vitagliano, Xue, Phys. Lett. B, 559, 12 (2003).
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The existence of a separatrix is a general relativistic effect: the radius of the gravitational trap is
 ⎥⎥
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 The fraction of energy available in the expanding plasma is about 1/2.
 Ruffini, Vitagliano, Xue, Phys. Lett. B, 573, 33, (2003).
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Temporal, spectral structure, luminosity of a
 short-GRBemitted by plasma created in the Dyadosphere of an
 EMBH with
 M = 20 MSun
 Q = 0.1 M
 L (erg / (s · sterad))
 kTγ
 (MeV
 )
 t a(s)
 The Proper-GRB(P-GRB)
 Ruffini, Fraschetti, Vitagliano, Xue, Int.J.Mod.Phys.D 14 (2005) 131
 A most powerful tool for cosmology!
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TheItaly - UK - USA
 Swift mission
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Villasenor et al. (2005)
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