


David Gross infroducing a cosmologisi:
colloquium speaker in the mid-90s::




“Cosmologists are very much like
us, particle physicists.

We have our standard model, they
have their standard model.




“Cosmologists are very much like
us, particle physicists.

We have our standard model, they
have their standard model.

We know our parameters with 1%
uncertainty, they know their
parameters with 100% uncertainty!”






All of this data thus far gives a consistent picture of our

universe
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Thus cosmology has emerged as a powerful tool for testing
fundamental theories of particle physics









Alan Guth's Notebook
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Old Intlaiion
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Naturaltnraion
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F-term Inflation - DBI Inflation




@ Slow-roll, “single-field” models
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- Background clock also acts as
progenitor of density perturbations

- Flat potential => field pertns are weakly coupled

@ Fast-roll models
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- Field need not be slowly rolling

- Perturbations NOT weakly coupled
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@ Multi-field models

- Progenitor of density pertns is a
separate light field O

- Because O is light during inflation, its fluctuations
acquire a scale-inv spectrum

0o ~ H

- After inflation, o can be converted into 01'/T












Motivations
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* Expanding case: - curvature is most dangerous
- need w < —1/3
- inflation is an attractor
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Motivations

3H2 i Cdust Cradn K C Cqb
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* Expanding case: - curvature is most dangerous

- need w < —1/3
- inflation is an attractor

* Contracting case: - anisotropy is most dangerous
-need w > 1
- ekpyrosis is an attractor

op/p W 5~ 1

w > 1



Ekpyrotic Dynamics

Before long slow

contraction
(Spiritually the opposite of inflation)

Phase of w > 1 driven by scalar field with steep and negative potential
V(9) 4

Leads to : a(t) ~ (—t)QE e <K 1



"Dual” mechanisms for generating perturbations

@ Inflation: a(t) grows rapidly H const.
Hiv H i
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o Ekpyrotic: a(t) const. |H | grows rapidly
LI 1
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—> degenerate predictions for power spectrum



But gravitational wave signature

@ Inflation:
——> scale invariant GWs

@ Ekpyrotic:

Detection of primordial GWSs, e.g. through CMB polarization,
would rule out ekpyrosis.






3 sources of Non-Gaussianity

@ Particle physics theory L
—> (0600) , (6¢5008) ...

@ Conversion to gra\'.iii--’rafioﬁnal field (metric perturbation)

—c16¢p+cabP ...

=

—> ((C () =c1(00 00 0@) + C2(00 09) (00 0@

e

f
i

® Transfer function fo temperature fluctuations

CC), (Y. e (0l oTvEs o TEa NI 5



BondE&: Salopek (1990)
Nomaisuisa Spergelsllz001)

=Py TUNCTI

Hence perturbation fheorybreaks down for fNL e 107




Liguori et al. (




Shape of Non-Gaussianity

@ “Local” shape: &) =

e.g. Separate-progenitor models

@ Equilateral shape:

fast-roll
derivative interactions
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What models predict

@ Slow-roll, “single-field” models:

= fno ~ O(€int, Mint)

@ Ekpyrotic Non-Gaussianity
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Observations

@ WMAP 5-yr:

@ WMAP 3-yr:

@ Galaxy surveys

@ Planck

@ Futuristic 2lcm

—4 < fn1, < 80

Senatore et al-(2009)

27 < fnL < 147

Yaday & Wandelt: (2008)

=29 <y 68
Slozar et al: (2008)

|AfNL‘ ~ 9 — 10

‘AfNL’ 2]

Cooray (2006)
Pillepich et al. (2006)




Conclusions

@ CMB observations have firmly established that density
perturbations were already present on the largest scales
at recombination

@ Inflationary and ekpyrotic models fall into broad classes
with distinguishable predictions
@ Will be tested through key observables:

@ Primordial gravitational waves

@ Deviations from Gaussianity






What about the bounce?

@ Can generate a , Without
infroducing instabilities or other pathologies

@ Can successfully merge the ekpyrotic phase with the
subsequent bounce phase

@ Perturbations go through the bounce unscathed and
emerge in the hot big bang phase with a scale-invariant
spectrum



