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La science en tant que facteur de la vie humaine est
un retardataire. L’art existait avant la derniére époque
glaciaire et a au moins cinquante mille ans.

La science moderne, au contraire, est née il y a seule-
ment quatre cents ans : Galilée était le pére et la gravi-
té 'accoucheuse ; I'historiographie et la tradition ont
assigné le réle d’événement mythique fondateur au
récit de 'Expérience de Galilée a la tour penchée de
Pise. Deux autres contes, Newton assis sous le pom-
mier et la pensée la plus heureuse d’Einstein de sa vie,
articulent I’histoire des idées que nous avons sur la
gravité.

Mots clés Gravité - mythe - géométrie

1
) DES

wd SPAZIU ke |
CULTURALE 2.7



Why did we start this research

| Can we find a truly cyclic universe?
| (AdS s not a good example)
' Try k-essencenodels of cosmology



Myth of the eternal return
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Thename "#u$%

I (Pythagora$57081495BC) wasthe first man to call himself a
philosopher ("lover of wisdom'Cicero, Tusculanglisputations
5.3.898.

I (Pythagorasvasthe first to calkosmosthe encompassing of all
things becausef the ordethatreigns in itEAetius,Placita (1st
century A.C).




Cosmology

I CThe task of theontemplation of the natuféheoria phusike)
IS to examine the substance of the sky and the stars, the powe
and the quality of generation and corruption and, by Zeus! It is
capable of leading demonstrations on the subject of the size of
the form and of the order of such things.

I As for the astronomy(astrologia) it doesnot undertakdo speak
of anythinglike that but it demonstrateshe order (taxis) of
celestial things, having declared (apophenash that the sky
(ouranog is truly a world (kosmog it speaksof forms, sizes,
distancedrom the Earthto the Sunandthe Moon, eclipsesthe
conjunctionsof the stars,on the quantityandthe quality thatare
shownin their revolutionsE

Posidonius(135 BC- 51 BC)



The Life ofPhytagoras
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Dicaearchusf Messina quoted by Porphyry

I 18. Whenhe reachedtaly he stoppedat Crotona His presencavasthat of a
free man, tall, graceful in speechand gesture,and in all things else
Dicaearchusgelatesthat the arrival of this greattraveler,endowedwith all the
advantagef nature,and prosperouslyguided by fortune, producedon the
Crotoniansso great an impression,that he won the esteemof the elder
magistratesby his manyandexcellentdiscoursesThey orderedhim to exhort
theyoungmen,andthento the boyswho flocked out of the schoolto hearhim;
andlastly to thewomen,who cametogetheron purpose

I'19. Throughthis he achievedgreatreputation,he drew greataudiencedrom
the city, not only of men, but also of women,amongwhom was a specially
illustrious person named Theano He also drew audiencesrom amongthe
neighboringbarbariansamongwhom were magnatesandkings Whathe told
his audiencesannotbe said with certainty,for he enjoinedsilenceupon his
hearersBut thefollowing is a matterof generainformation He taughtthatthe
soul was immortal and that after deathit transmigratednto other animated
bodies After certain specified periods, the same events occur again that
nothing was entirely new; that all animatedbeingswere kin, and should be
consideredas belonglngto one greatfamily. PythagoraSNas the first oneto
iIntroducetheseteachingsnto Greece



CosmologicaEquations
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Equation of state

p:f(p78)
p=wp U



Pure kessence models

L(¢,0¢) = F((0¢)") = F(X)

1

NV — (aXF) 8MQ0 8,/90 — 5 Fguy.

L(¢,0¢) = V1(9)F(X) + Va(9)



Flat k-essence: cosmologicaduations
ds® = dt? — a®(t) (da? + dy? + dz?)  ¢=¢(t) X =¢*>>0
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o(X) =% — XOyF — +F p(X) =
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Field equations (OxF)VvX =+ (@) , ag 7 0
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Dependence on the cosmic time
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Barotropicfluids

1

F(X):sgn- | % ("#)% =2p Q=| —§|((‘9q5)27

__°F
2v — 1

p=wp

e v = 0 corresponds to the cosmological constant
e v =1 corresponds to stiff matter

e v = 2 corresponds to radiation

e The limits v — +o00 corresponds to dust (p = 0)

e The limit v — % corresponds to empty space



TheChaplyginGas
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Polynomial interactions: standard case
N

F(X)ZZCan. co<0, ¢,>20 for n>1.
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Polynomial interactions:

generalkase
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A completely soluble model: lessons
form the quartic selinteraction

F = —A+ p(39)* + A(9p)*

F=—-A+pX+2X°



K-essence with a cosmological constant

F=—-A+pX+2X° >0, A>0




K-essence with a cosmological constant

3
Field equations (OxF)VX =+ (@) , ag # 0
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With the cosmological constant

W=

a(X) = ap((2X + 1)V X) 73,
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Without the cosmological constant

A=0, u<0, A>0

F=-X+4+X%=—(0¢)%+ (0¢)*
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F=—-X+X?=—(0¢)*+ (0¢)*

a(X) = ap((1 — 2X)VX)~5
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Flat de Sitter modelLema’tre 1924)

A
@ + X4 = Rex@

( t

Xo = Rsinh %+ 5pef|i]?

X1 = exp IL{ 1

{ Xo = exp(%)

X3 = exp(%) 3
_ t_ L op72
X4 = Rcosh g — 5peR|T|
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Mimicking a negative cosmological constant




Phenomenology of a branching point

A=0, u<0, A>0 F=X-X?
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Phenomenology of a branching point

A=0, u<0, A>0 F=X-X?

p

The presence of a branching point in the physical region F R I
renders the dynamical behaviour subtler e

The following equations are the starting point: o1

a(X) = ag ({”/\/Y(1—2X)>_1,

3V6X(2X —1)VX —3X2  ow|
6X — 1

X = +

the final task is to describe
the scale factor a(t) as a function of the cosmic time.




Phenomenology of a branching point

A=0, u<0, A>0

Initial conditions at X = 0 (which means a ~ 0).

o) = 20x - VX aa(x)
0X Va{/(1-2x)vVX

oa . _ 3X(3X_2) _M(p+3p) < 0.
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Phenomenology of a branching point
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Phenomenology of a branching point

V3 o V3 3V3
a(Xc)—%, a(Xc)—25/3, a(X,.) = 55
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So what happens at the branching point?
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First scenario

X(t)
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First interpretation

When the field gets at the critical point the density reaches a

maximum and the universe cannot shrink anymore. Like in
the elastic collision the sign of the velocity is reverted. The
expansion following the collision keeps decelerating as the
acceleration in this model is always negative.

. The Universe starts at ¢t = —oo with infinite radius and zero velocity. It
is a flat Minkowski spacetime.

. The evolution of the universe makes the radius shrink with a negative and
decreasing velocity a up to t = 0 when the universe hits the branching
point.

. The (unstable) bulged bounce. The branching point acts like a wall and the
universe undergoes an elastic collision where the velocity is reverted and
becomes positive. The universe enters in a phase of decelerated expansion.
At t = At’ the expansion stops and the universe starts again to shrink up
to t = 2At’ where it hits the branching point for a second time.

. At the branching point the velocity is reverted again. The universe enters
in a phase of everlasting decelerated expansion that will drive it back to
Minkowski space at t = oo.

. There is no singularity at ¢ = oo.
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Second interpretation

Creation of
a pair of
universes

Annihilation of
a pair of universes

X(t) aﬁld a(t) are plotted in trompe l’eeil . What is the meaning of such dia-

grams?' They rep:

resents the clever solution that the universe gives to apparently

unsolvable problem it has to face when arriving at the branching point: how
could it go from a(X.) = v/3/v/2 to a(1/3) = /3 with a negative velocity and

from a(X.) = —v/3/2%/3 to a(1/3) = 0 with a negative acceleration? Running
backward in time!



Second interpretation

The ramification point in the equation of state is encountered
twice during the time evolution. When the universe gets at
the ramification point the time starts flowing backward till
the universe gets again to the ramification point, when the
usual forward orientation of time is recovered. The
phenomenology is essentially the same as in the previous
conservative description but the inversion of the velocity is
caused by an inversion of the sense of the flow of time,
inversion that is short-lived.

Borrowing from relativistic quantum mechanics ideas it is
tempting to say that a universe pair is annihilated when the
ramification point is first encountered; a pair of universes is
created when the ramification point is encountered a second
time.

There is only one possible difference. Since the time runs
backward the instability due to the negative squared velocity
of sound needs to be reconsidered.
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Creation of
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