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Why did we start this research

! Can we find a truly cyclic universe? 
! (AdS is not a good example)
! Try k-essence models of cosmology



Myth of the eternal return



The name: !"#µ$%
! ÇPythagoras (570Ð!495BC) was the first man to call himself a 

philosopher ("lover of wisdom") Cicero, Tusculansdisputations 
5.3.8Ð9. 

! ÇPythagoras was the first to call kosmosthe encompassing of all 
things, because of the order that reigns in itÈAetius, Placita (1st 
century A.C.).



Cosmology

! ÇThe task of the contemplation of the nature (theoria phusike) 
is to examine the substance of the sky and the stars, the power 
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.

! As for theastronomy(astrologia) it doesnot undertaketo speak
of anything like that but it demonstratesthe order (taxis) of
celestial things, having declared (apophenasa) that the sky
(ouranos) is truly a world (kosmos); it speaksof forms, sizes,
distancesfrom theEarthto theSunandtheMoon, eclipses,the
conjunctionsof thestars,on thequantityandthequality thatare
shownin their revolutionsÈ.

Posidonius(135 BC - 51 BC)



The Life of Phytagoras



Dicaearchusof Messina quoted by Porphyry
! 18. Whenhe reachedItaly he stoppedat Crotona. His presencewasthat of a

free man, tall, graceful in speech and gesture, and in all things else.
Dicaearchusrelatesthat the arrival of this greattraveler,endowedwith all the
advantagesof nature,and prosperouslyguided by fortune, producedon the
Crotoniansso great an impression,that he won the esteemof the elder
magistrates,by his manyandexcellentdiscourses. Theyorderedhim to exhort
theyoungmen,andthento theboyswho flockedout of theschoolto hearhim;
andlastly to thewomen,whocametogetheronpurpose.

! 19. Throughthis he achievedgreatreputation,he drew greataudiencesfrom
the city, not only of men,but also of women,amongwhom was a specially
illustrious personnamedTheano. He also drew audiencesfrom among the
neighboringbarbarians,amongwhom weremagnatesandkings. What he told
his audiencescannotbe said with certainty,for he enjoinedsilenceupon his
hearers. But thefollowing is a matterof generalinformation. He taughtthatthe
soul was immortal and that after deathit transmigratedinto other animated
bodies. After certain specified periods, the same events occur again; that
nothing was entirely new; that all animatedbeingswere kin, and shouldbe
consideredas belongingto one great family. Pythagoraswas the first one to
introducetheseteachingsinto Greece.



CosmologicalEquations
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Equation of state



Pure k-essence models



Flat k-essence: cosmological equations



Barotropicfluids
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The ChaplyginGas



Polynomial interactions: standard case



Polynomial interactions: 
general case



A completely soluble model: lessons 
form the quartic self-interaction



K-essence with a cosmological constant



K-essence with a cosmological constant



With the cosmological constant



Only "<0 



Without the cosmological constant







Flat de Sitter model (Lema”tre, 1924)





Mimicking a negative cosmological constant



Phenomenology of a branching point



Phenomenology of a branching point



Phenomenology of a branching point



Phenomenology of a branching point



Phenomenology of a branching point



So what happens at the branching point?



First scenario



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.



Second interpretation



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. 


