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Abstract: Although inflation is, by far, the best known mechanism to explain the observed properties of our Universe, there is still some room for
alternative models, most of which implying a contracting phase preceding the current expanding one. Both phases are connected by a bounce at
which the expansion rate must vanish. General relativity can only produce such a phase provided the spatial curvature is positive, in contradiction
with the current observations. | will discuss the lines along which one can modify either the matter or the gravity sector (or both) in order to
implement a bounce, and show the generic observable cosmological consequencesit can induce, in particular in the microwave background.

Pirsa: 10050009 Page 1/60



Problems with standard model:

THE MAIN TJER OF THWE

Singularity CNELATIONARY UMVERSE SCENARIQ

Horizon

Flatness

Homogeneity

Perturbations

Dark matter

Dark energy / cosmological constant

(Linde’s book)

Topological defects (monopoles)
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= solves cosmological puzzies

= uses GR + scalar fields [(semi-)classical]

> can be implemented in high energy theories
= makes falsifiable predictions ...

2 ... consistent with all knewn observations

= string based ideas (brane inflation, ...)
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Alternative model???

string based ideas (PBB, other brane models. string gas, ...)
Quantum gravity / cosmology

singularity, initial conditions & homogeneity
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[A brief history of bouncing cnsmolog}'J

. C. Tolman, ~On the Theoretical Requirements for a Periodic Behaviour of the Universe | PRD 38. 1758 (1931)

. Lemaitre, L 'Univers en expansion , Amn Soc. Sa. Bruxeiles {1933)

L AL SlﬂIUb!ﬂSk}'. "On one non-singular isotropic cosmological model | Sov. Astron. Lett 4_ 82 (197H)

R. Durrer & J. Laukerman, ~The osciflating Untverse: an alternative to inflation | Class Quantum Grav. 13, 1069 [ 1996)

= Penrose: BH formation

PBB - Ekpyrotic - Modified gravity - Quantum cosmology - Quintom -
Horava-Lifshitz - Lee-Wick



Pre Big Bang scenario: (cf. M.Gasperimi & G. Veneziano, arXiv: hep-th/0703055)

Pre-Big Bang Post-Big Bang
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Pre Big Bang scenarno: (cf. M.Gasperimi & G. Veneziano, arXiv: hep-th/0703055)
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string frame Einstein frame




Ekpyrotic scenario:

Bulk
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Self consistent bounce:

— — Positive spatial curvature
—— : 7




fluence of the spatial curvature? ds* = dt* - o*(t) ( ——— + FdO* | =

— Modify GR to non singular theories (curvature invariants)
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Model for the bounce phase only:
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A specific model: 4D Quantum cosmology

Perfect fluid: : bounce

no horizon problem if W > ——

Results:




The two-slit experiment:




Trajectories in the two-slit experiment
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luantum cosmelogy
ranonical transformation
rescaling (volume ...) = a simple Hamiltonian:
anits
Wheeler-De Witt HWY ()
) . ; _- g 1 — — l-lf 1 ¢ r—'".i_.l'
+ Technical trick: h=U= % — S s
_ I\ A
space defined by \ ~ ' constraint V- R T2 v By
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alternative way of getting the solution:

WKB exact superposition: WV =

- )

Gaussian wave packet —

, 1- - & j A -

' | 2 (T2 + T2 | Iy +1

phase 5 = — I — —. ctan *__
Bohmian trajectory H |




'uantum cosmelogy
ranonical transformation
rescaling (volume ...) = a simple Hamiitonian:
Inits
Wheeler-De Witt HWY =1()
; : Sl Y= AT "E" | o~
+Technical trick: A =0 = x m— e Ly ey
: ni,r iy
space defined by \ ~ constraint =y v




alternative way of getting the solution:

WKB exact superposition: W

Gaussian wave packet
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quantum potential ',




What about the perturbations?

Hamiltonian up to 2™ order /H = H H

factorization of the wave function

WV =WVun(aT)¥o (v, T:a(T) _
comes from 0" order -
_Lr'i'} ' ¥ : ==
Bardeen (Newton) gravitational petential
s~ 1= (1) l + 2®)dn” — [(1 — 2®) ~,; + h;;| dz*dx? |

conformal time dy) = o™ "dT




+ canonical transformations:
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+ evolution (matchings and/or nmmerics)
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spectrum P.

id. grav. waves:

CMB normalisation AT

C———) bounce curvature

LoUue




WMAP constraint
predictions
spectrum slightly blue
power-law + concordance .
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