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BlLg-Baing Cosmangz

“what mechanism turned the gquantum universe into a
classical flat FRW space-time with the very specific
large-scale features & ingredients we observe’?



- BLg Balhng -> Big Boulce

“start smoothing when universe big & classical
& there is plenty of time to generate the large-
scale structure we observe”



smoothing contraction

e.kpvro&i.c conkraction: ¢ > 3

-» solves homogeneity, flathess, and isotropy problem

-» eliminates causal horizon prabi&m



V(o): flat & positive -> steep & hegative
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super-horizon modes “for _«free"
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mgde ’bv- mode. Pia&ure: |
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No mulkiverse

inflation:
what you thought were Ejpmat
regions become akypical
-> theory breaks down, cannot
Erust predm&wms

Sp/p ~ 1
naktural “mwmesser”

contraction:
what you thought were typical
reglons remain Ejpé«tad.
= theory remains valid, can Erust
pre_dic&oms

5p/p << 1
nabural smoobkher



(earlier) no-qoes

smoothing contracting scenarios with scale-invariant
curvabure Fer&urba&mh spectrum

= admit no stable bo\cwgraumd solukions
- require more tuning (than those with the wrong spec&rum)
= Eypicawj Prc:»du,te too much nan~gauss£amﬁj

- cannol bounce
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simplest ekpyrotic Eheérfj
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-» stable solubtions
-» least buned |
->» generic: f, = ©

from ekpyrotic phase




Not so i meto&mno\rj cosmology 2
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Simplest textboole models are ruled out or strongly disfavored bj
Planckrol3, Planck2ols and other CMB exparimem&s.
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s a cosmological bounce pussébl.e?
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 The thattengé

24 Friedmann eg; {H — (p+ 4 Wz=-cH €0 } “ull energjcandﬂ:wn"'

standard
big-bang expansion

smoothing non-singular bounce

conkrackion has ko sEoLbi.-j violake

the null enerqy condikion!
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NEC-violation with Horideski matter |
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action: 5= [d*x|-g(>R+L) where

L= P(X, 0 + G(X, 0300 + GL(X, 0) ((20) - (V,V,092) + @)X, 0)R
+GO(X, 0) ((00)2 - 306(V, V 0)* + 2(V.V 6)°) - 6G, V'V'G(X, 0)

baewgraumd: SH = AT =P 6X¢HG3"X -G, - WG, +24HX(G, , + XG 4}“)
= 12HX¢&4‘¢X - 6HOG, | + 2HXU(SG, |, + X, ) -6HX(3G,  +2XG, )

S
a I&(a J) = 7, where

3= 6P, + 6HXG, , - 20G, + 6HI(G, , + XG, ) - 12HXG,  + 2HX(3G_, + 2XG

4,XX

) - 6H NG, + XG, )

5,XX

Fer&urbo&éons: = -H 6_(1) ‘co-moving gauge'
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ij Hordeski matber?

foundations secure (all classical field theory)

most general Lorentz-invariant scalar-tensor theory with
~ second-order egs. of motion

-> evades Os&ragadsk‘i ghost
-> can be tested in non-linear regime using numerical GR

motivated by fundamental symmetries: conformal &
' Gralilean shift (¢ -> ¢ +b x+)

seems bo appear Ma&urod.bj LA U\a’--aampi.e&e theories:
-> th SUGRKA, ,
=>» i higher-dimensional theories with branes, ete.
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but ... Rubakov @‘Primée&am May '16: no-q0

B Horndeski cosmologies that have no ghost or

gradient ms&abuh&es must encounter a singularity

Libanov, Mironov, Rubakov 2016
Kobayashi 2016

B(E) = (D) T (aOVB ) 150 where () = H-1bi"

alb)
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blow-up ak some finite time ke,



‘quilk by association’
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It is not clear that the blow-up must occur during the bounce!

Bi.ow-*u[a has nothing to do with NEC violation ->



What is the source o{‘ the bad behavior?
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bad t?ekavtor is feature of L, Horndeski!

-> add L, Horndeski interaction: Lo G»f;*}()(, 0) ((Dd))z - (Vuvvq))zj + &(X, 0IR

modifies expression for BE): B - &1(5:)——( (6 AZ%?] B, (&)
where 50 - [dtadt) 00 - 23]



A exa\m!ai.e Ehak mo-ﬂfsh
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Summary % Outlook
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Classical non-singular bounces are possible and
con be embedded into fully stable cosmologies.

Ongoing & future work:

> simplification: replace L, by multi-field L; scenario
-> test in non-Llinear regime using humerical GR

=> brane picture/SUGRA implementation '

> observational implications

-» compare wikh qu&h&um bounce
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