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Problems with standard model:

. . THE MAIN TRER QF THE
Sli’lgUZCU’IZE INELATIONARY UNIVERSE  SCENARLD

Horizon
Flatness
Homogeneity
Perturbations
Dark matter

Dark energy / cosmological constant

Baryogenesis
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Accepted solution = INFLATION : =

Linde’s book
Topological defects (monopoles) (Linde’s book)
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Inflation

@ solves cosmological puzzles

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

© can be implemented in high energy theories
© makes falsifiable predictions ...

© ... consistent with all known observations

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

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

singularity, initial conditions & homogeneity
bounces

provide challengers!
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o r & Trans-Planckian
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- x & Hierarchy (amplitude)
V(p) <1012

Lt Apt

& Singularity

Ht(ioc); a(t) — 0
© Validity of GR?
BEins ~107°M,,
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[A brief history of bouncing cosmology}

R. C. Tolman, ““On the Theoretical Requirements for a Periodic Behaviour of the Universe”, PRD 38, 1758 (1931)
G. Lemaitre, ““L’Univers en expansion”, Ann. Soc. Sci. Bruxelles (1933)

A. A. Starobinsky, ““On one non-singular isotropic cosmological model’, Sov. Astron. Lett. 4, 82 (1978)

R. Durrer & J. Laukerman, “The oscillating Universe: an alternative to inflation’, Class. Quantum Grav. 13, 1069 (1996)

Penrose: BH formation

Quantum nucleation? Sy > 5,

1

Sg>SQ>Sl 4

PBB - Ekpyrotic - Modified gravity - Quantum cosmology - Quintom -
Horava-Lifshitz - Lee-Wick - ...
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Pre Big Bang scenario: (cf. M.Gasperini & G. Veneziano, arXiv: hep-th/0703055)

Big Blang
L

Pre-Big Bang Post-Big Bang

Cargese - 6% July 2010 6




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

ag

PRE-BIGBANG POST-BIGBANG

He
string frame Einstein frame
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SHandard Yailires and some solilions

A ®{ngu[ar{tt) Merely a non issue in the bounce case! &

t
A @ fongI dy = a(t) / 97 can be made divergent easily if # — —0
t; CL(T)

d a . .
—10—-1l= -9~ i<0&a<0
@ Slatness Llo-11=-25
accelerated expansion (inflation) or decelerated contraction (bounce)

A @Dmog en eﬁ't) Large & flat Universe + low initial density + diffusion

tdissipation A

o -
tHubble Rll{/ 3

A . . .
(1 + iR ) enough time to dissipate any wavelength
H

vacuum state!

@ %erturbationg see coming slides
A therg dark matter/energy, baryogenesis, ... %
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Initial conditions
fixed in the a(n)
contracting era
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Self consistent bounce:

—>  One d.o.f. + 4 dimensions G.R.
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Perturbations: ds? =
3Hu 1
— = 5, = -
2(129 a
. 0//
u’ + k2—7—3’C<1—(15):|U—0 PC

3K

_Pe
Po + Dy

)

Ppa®

a®(n) {(1 +20) dn? — [(1 - 20) 5, + hyy) da'da’)
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A specific model: 4D Quantum cosmology
' R
S—/\/g ——— +p | d*
. 602
Perfect fluid: p=wp bounce
@ no horizon problem if > ! @
w —_—
P 3
I 12w :
Lon,=n, — 1= !
: ’ : 1+ 3w |
Results: T
i §:4><10*2 ng—1
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Digression: about QM

Schrodinger —— = | —
2m

o[ V2
ot

V()] v

Polar form of the wave function U = A (7, )70

S (VS)?

Hamilton-Jacobi i
ot 2m

+Vir)+Q(r,t)=0

quantum 5
potential V=A

1
2m A
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Ontological interpretation (BdB) 3 z(t)

'12;',‘ t
Trajectories satisfy m( 115 ) = -V(V+Q)
d¢2

© strictly equivalent to Copenhagen QM
probability distribution (attractor)
PrOpertieS: HYL();[) <$.7L()) = ‘\Ij (ZE‘.YL())‘Z

© classical limit well defined () —— 0
© state dependent
@ -] intrinsic reality

non local ...

® no need for external classical domain!
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The two-slit experiment:
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Trajectories in the two-slit experiment
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Quantum cosmology ds* = N*(1)dr — a®(7)v;;dz'da?
+ canonical transformation

+ rescaling (volume ...) = a simple Hamiltonian:
+ units
(ng
Wheeler-De Witt HV =0
e 2q3(1=w)/2 oV 19%V
+ i ick: = 0= Y= == ==
Technical trick X 51— w) 0 a7~ 102
traint g% _ g
space defined by x > 0 ————— constrain o Ox
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alternative way of getting the solution:

WKB exact superposition: U — / BT p(E)pp(T)dE

. 2
Gaussian wave packet —*D x e~ (ETo)

8T, ! Tox? o
|:> U = —02 exp <—2 ox 2) e 5 T)
(1§ +17?) 15+ T
Tx? 1 o T
phase S = W + 5 arctan T — Z

Bohmian trajectory a={a,H} )

Coma]i ()]
a=aop |1+ | =

Th
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quantum potential
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What about the perturbations?
Hamiltonian up to 2" order [/ — Hpy+ Hey + -
factorization of the wave function

V=W (a,T) V) [v,T;a(T)]

comes from 0t order
Ap_ St [ptp d (%)
2 w dn \a

Bardeen (Newton) gravitational potential

ds® = a*(n) {(1 +2®) dn* — [(1 — 2®) vi; + hij] da'da’ }
conformal time d7) = ¢~ 'dT
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+ canonical transformations:

7/7(977 = /d x 552 + 5’0,;1)7 - V(o)

/!
a
Fourier mode vy 4 | 2k* — — ) op = 0
" (
2 _ /
CS = \/(; 7& 0 .
e~ iCq kn

vacuum initial conditions

+ evolution (matchings and/or numerics)
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Spectra
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spectrum Po o< k| ®g|” oc AZK"s
12
. a h
id. grav. waves: /" + <k2 — > =70 = —
/ a
exp(—ikn 2 ,
[ini O exp(—ikn) Pr o< k? |hy|” oc A2 K™
VEn
same dynamics + initial conditions ———) same spectrum
! 12w
Ne=ng —1=—7—
t i 1+ 3w
isati A? =208 x 10717
CMB normalisation g = 2.Us X
3
——) bounce curvature Toag” ~ 15004,
28
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WMAP constraint
ng =0.96+0.02= w8x107*

predictions

spectrum slightly blue

~ (.62
power-law + concordance

r_cp r
— = " T x Jw
S CS) A?
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Cosmology without inflation?

B

Cosmology without inflation!

& New solutions to old puzzles

=999 . :
monopoles = 7?7 © No singularity
Dark energy ... -
Y GR. ..
Model dependence

New predictions (oscillations, 7/S ...)

Future
String implementation

Non gaussianities
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