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We consider gravitational collapse of a spherically symmetric sphere o
a fluid with spin and torsion into a black hole. We use the Tolman
metric and the EinsterCartanfield equations with a relativistic spin

fluid as a source.

We show that gravitational repulsion of torsion prevents a singularity
and replaces it with a nonsingular bounce. Quantum particle
production during contraction strengthens torsion against opposing
shear. Particle production during expansion can produce enormous
amounts of matter and generate a finite period of inflation.

The resulting closed universe on the other side of the event horizon
may have several bounces. Such a universe is oscillatory, with each
cycle larger in size then the previous cycle, until it reaches the
cosmological size and expands indefinitely. Our universe might have
therefore originated from a black hole existing in another universe.

3
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A We can see the Universe expanding: galaxies iookeras they speed away

(just as sirens sound lower pitched).

| dz06f SQa fl oY &ALISSR 2F NBOSRAyYy3 3l EA
A Big Bang Nucleosynthesis (Gamow).

If the Universe is closed, thed2mensional
surface of the balloon is an analog to our
3-dimensional space.

The 3dimensional space in which the
balloon expands is not analogous to any
higher dimensional space. Points off the
surface of the balloon are not in the
Universe in this simple analogy.

The balloon radius = thecale factor.

Image credit: Ondinute Astronomer

The Universe may be finite (closed) or
infinite (flat or open).



How do we know the Big Bang happened?

A We can observe the Cosmic Microwave Background. This electromagnetic radiatior
a remnant from an early stage of the Universe. When protons and electrons
combined (recombination) to form neutral hydrogen atoms that could not absorb
photons, photons decoupled and the Universe became transparent . Currently, the
CMB comes to us from all directions in the sky and has a temperature 2.725 K.

A The temperature anisotropy, about2105, provides information about the
dynamics of the early Universe.

Image credit: Wikipedia



Cosmology is based on General Relativity, which describes gravi
as curvature ogpacetime

A Singularities: points with infinite density of matter.

A Incompatible with quantum mechanics. We need quantum
gravity. It may resolve the singularity problem.

A Field equations contain the conservation of orbital angular
momentum, contradicting Dirac equation which gives the
conservation of total angular momentum (orbital + spin) and
allows spirorbit exchange in QM.

Simplest extension of GR to include QM spin:
EinsteinCartantheory. It also resolves the singularity problem.



A BigBang singularity.
A What caused the Big Bang? What existed before?

A Horizon problem: different regions of the Universe have not
contacted each other because of large distances between
them, but they have the same physical properties (the Univers
IS homogeneous and isotropic). The temperature of the CMB i
almost isotropic.

A Flatness problem: the Universe is nearly flat. The initial
conditions of the Universe must have been finaed.

A What was the initial condition for structure formation?



A Inflation Guth, Linde): exponential expansion of the early
Universe) explains why the Universe appears flat,
homogeneous, and isotropic.

A What caused inflation? Hypothetical scalar fiefdtaton.

A Quantum fluctuations oinflaton are stretched to macroscopic
scales and freeze in upon leaving the horizon. At the later
stages of radiationand matterdomination, they reenter the
horizon and set the initial condition for structure formation.
Inflation predicts the observed spectrum of CMB anisotropies.

A How did inflation end? The largeflaton potential energy
decays into Standard Model particles. Poorly understood.
Eternal inflation may occuir.



A EinsteinCartantheory replaces the Big Bang by a nonsingular
Big BounceThe dynamics after the bounce explains the
flatness and horizon problems.

A Spacetimas equipped with torsion.
Curvatureca 0 S Y R Asgagletimez ¥
Torsioncd (1 & A & (spagelinie 2 T

A Bending a thin rod is more apparent than twisting. Effects of
torsion are important only in extreme situations (in black holes
and in the very early Universe).



A Torsion tensor is field in addition to the metric. ERTEEN

A Covariant derivative of metric is zelcagrangiamensity is
proportional to curvature scalar (as in GR).

A Cartanequations:
Torsionis proportional tospindensity of fermions. ECSK differs
significantly from GR at densities >1Kg/m?3; passes all tests.

1

AS'.)IA' P ‘S'l_(l_lk' _+_ ‘S‘k.(l.)’ = —';,\..\"k.l

arXiv.org > gr-qc > arXiv:0911.0334

A Einstein equations:
Curvatureis proportional toenergy and momentundensity.




Dirac particles can be averaged macroscopically as a spin fluid.

Vo — 1 1 - 2 — v
SHVP = ghvyP sty =0 s*=sMs,, /2

L/

EinsteinCartanequations for a (closed) FLRW Universe become
Friedmanrequations for the scale factar.

Spin and torsion modify the energy density and pressure with a
negativeterm proportional to the square of the fermion number
densityn, which acts likeepulsive gravity



For relativistic matter in thermodynamic equilibrium, Friedmann
equations can be written in terms of temperature:
sF peTHn~T.

(1

—z k1= ih(h*]ﬂ‘ e T )
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Turning pointsy{ = 0) for the closed Universe with torsion are
positive¢ no cosmological singularity!

A 2 pointsif C> (8/9¥2 (absolutey . =1 forC= 1)

A 1 pointif C=(8/9%2 -> stationary Universe

A 0 pointsif C<(8/9%2 -> Universe cannot exist (form)




Near a bounce, Park&tarobinsky2 S f Q Ppartidle @dduction
enters through a term ~‘with] as a production parameter.

To avoid eternal inflation: theterm < 1->1 <I (. F MK H (p P

Forl  f and during an expansion phase, whdr &/areaches
a maximum, the term is slightly lesser than 1 and:
T~const H-~const ¥ ~const.

Exponentialexpansion and mass increase last albwyt .,
then Hand T decreaseTorsion becomes weak, inflation ends,
and radiation dominated era begins. No scalar fields needed.



EinsteinCartantheory mayhaveconsequencem particle physicghat can be

tested experimentally
A Fermionsare not point particles
A Quantumelectrodynamicss ultraviolet finite.

Visitando Machu Picchu, 23 de noviembre de 2018, antes del Xl Simposio
Latinoamericano de Fisica de Altas Energias, Pontificia Universidad Catolica del Pert

Lima, Peru. "



ECSK gravity and spinors

ECSK gravity removes the GR constraint that the affine connection I‘Z—’; be
symmetric by regarding the antisymmetric part of the connection, the
torsion tensor S ki- = F[@'@']v as a variable. Varying the total Lagrangian density
—iR\/——g + L, where R is the Ricci scalar and Ly, is the Lagrangian density
of matter, with respect to the contortion tensor C;r = Sijk + Sjki + Skji gives
the Cartan equations

j J i1
S7. — Si0;, 4+ Sio; = — 5Kk
where S; = S*, and s% = 2(§L,,/5Ci;1)/+/—9 is the spin tensor.

The Dirac Lagrangian density for a free spinor 7 with mass m, minimally
coupled to the gravitational field, is given by Ly, = /=gy, — ¢.i7") —
m+/—g1), where 7% are the Dirac matrices obeying ~ink) = ¢"F I a semicolon
denotes a covariant derivative with respect to the connection, and a colon de-
notes a Riemannian covariant derivative with respect to the Christoffel symbols:

1 .
Y =Y + Zcijk')/[z”)/‘?]w-
The resulting spin tensor (and thus torsion) is quadratic in spinor fields:

. . . |
Szgk; _ _ez_;rklsl’ gt — 51?,)/@,}/57#.
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ECSK gravity and spin fluid




