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Abstract: In its best understood version, the Steinhardt-Turok cyclic universe contains two crucial ingredients: an unstable field trgjectory during the
ekpyrotic phase, and the subsequent brane collision corresponding to the crunch/bang transition. These two features act as strong selection principles
and determine the broad physical properties of the universe emerging from the bang. As such, they significantly alleviate (and perhaps resolve) the
measure problem that is inherent to all cosmological models that produce universes with arange of physical properties.
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What Makes the Cyclic Universe
Predictive?

Two key differences with inflation:
- Smoothing occurs at low H

- There is a strong instability in the model, which
ends up playing the role of a selection principle




Colliding Branes vs. 4d EFT  ows

Khaoury,

Stemfuipie
& Turck

Higher-dimensional picture
Brane collision = Big Bang

4d effective potential
models inter-brane forces
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Derivation from string
theory is an open problern







Low Hubble Rate, Except When Ordinary
Observers are Produced

radiation
2 @ ®

No strong measure problem:

* No amplification of rare large quantum fluctuations

« Vast majority of observers do not live right next to cut-off
* No Boltzmann brain problem

Ordinary Observers produced every Trillion years
"= {8one BB produced every Exp{10760) years
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A. Brown, M. Johnson, JLL

‘Special case:
Incorporating Eternal Inflation

A V(9) * Assume no higher-
Lambda vacuum
accessible

* Still no (strong)
measure problem, as

. long as rate of

ol tunneling is faster

than rate of producing

Boltzmann brains
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Instability of the Potential e
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?ﬁrl':urbatianfs in adiabatic direction blue
Mrhatiﬂns in entropy direction sczle-nvariant

 They get converted to adiabatic perturbations as trajectory bends, either:
- - During the ekpyrotic phase fNL ~ O(-10) gNL ~ O{(+1000) "
- During the kinetic phase fNL~ O(+/- 10) gNL ~ O{-1000)

?W 2} Amplitude larger as the turn occurs further down the potegtial




Selection at 11d

| Brane Collision

sjectories with long ekpyrotic phase:
1d spacetime flat in approach to
ollision (curvature corrections small)
> branes flat

ightest states: M2-branes stretching between boundary
branes

their egs. of motion are regular at t=0
semi-classical particle production ~ (collision velocity)\#

injecture these regions to make it through the bounce

Turok, Perry, Steinhardt
Copeland, Niz, Turak

3jectories with short ekpyrotic phase:
develop large curvature anisotropies in approach to crunch
arge particle production at crunch

+rire thece recionce o re-collance ranidly
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crunch/
bang at

Kinetic
phase

ekpyrotic
potential
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rion at Brane Collision
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hext crunch/bang

last crunch/bang

Phoenix
Universe:

Global History

Flat/habitable regions are
selected at crunch/bang
and expand vastly in
radiation, matter and dark
energy phases

Virtually all other regions

collapse and stop growing
and cycling

Dark energy plays an =
essential role in amplifying
celected reciaons ===



Phoenix Universe: Spatial Slice

C)

low Q

fyp~ O(-10)

gNL O(+1000)

0000000000000
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1plitude Q of perturbations
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Combining these relations:

O o collision velocity
- diq initial brane separation

What value of d;;should we take?

In heterotic M-theory d ;; and the volume of the
Calabi-Yau space determine Newton’s constant G
and the grand unified gauge coupling ot ;

If we use as input the observed value of G, and ot

" then we should take (87G = 1) iy = 105 S
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What about the collision speed?
Energy of collision x y

For higher collision speeds, more matter is produced at
the bang

When the speed is too high, the universe over-closes

and re-collapses (the branes stick together) Turak, Perry
& Steinhardt

— Bound on the speed: must be non-relativistic

Yo E 0.1
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we{E as non-gaussianity parameters (for sa
0; bound)
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t Ll H

Ine ~ O(£10)

gy ~ O(—1000)

B o arg= primonicl gty
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Cycllc'\Uﬁivérse‘is 2 highly QFEdiCﬁ?E mddei of the universe, as: .
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- Sm@othing phase occursat low Hubble rate

— -

- Unstable potentialand Brane collisioafy‘:oﬁspife torselect flat, .-
habitable,reglons whlch then"get ampllﬁed by the expansmn of the
universe . _ o . & v & =
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Key pred;ctions 27z Iarge local- nomgausmamty and absence of
Iarge-amplrtude prrmordlalgrawtatlonal waves 3
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What'othelr"predictions__can be. d’érived from this framewonk?
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