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Claimed detection of primordial gravitational waves

BICEP II 2014

Awaiting confirmation by Planck’s B-mode analysis

Inflation in 2014
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The Mukhanov-Sasaki Equation

u00 +

✓
k2 � z00

z

◆
u = 0

z ⌘ a
p
2✏H

u↵↵ + ⇠ u↵ +

(✓
k

aH

◆2

� (1 + ⇠)

)
u = 0

u ⌘ ⇣ zcurvature perturbation: ⇣ with

Useful to use efolds as ‘time’ coordinate

aH ⇠ e⇠NAssume background of the form:

⇠ = 1 +O (✏H , ⌘H)

inflation:
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The Mukhanov-Sasaki Equation
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The spectrum of slow-roll inflation

deep inside horizon modes do not feel curvature
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The spectrum of slow-roll inflation
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The spectrum of slow-roll inflation

ns = 0.9603± 0.0073

k⇤ = 0.002 Mpc�1

ln(1010As) = 3.089+0.024
�0.027

Scale invariance is excluded by more than 5�

Planck XXII:

Pk = As

✓
k

k⇤

◆ns�1
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Observational hints for power-loss
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Observational hints for power-loss



Cosmic variance
We only have one sky

Measurements on largest scales are statistically limited
[Planck XV]

Cosmic variance

[1309.4060]

CV can be decreased 
using LSS data

CV is the simplest 
explanation for low- 

anomaly
`
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Pre-inflation and the power spectrum
?? What if inflation was short ??
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Pre-inflation and the power spectrum
?? What if inflation was short ??

theoretically well motivated: 

Freivogel et al. 2007	


McAllister et al. 2013
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Pre-inflation and the power spectrum
?? What if inflation was short ??

??

Modifies large scale part of spectrum

Can this leave an imprint on the power spectrum?

theoretically well motivated: 

Freivogel et al. 2007	


McAllister et al. 2013
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Pre-inflation and the power spectrum
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The conservative approach
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Power loss at 5-10% level attainable within slow roll

ns � 1 ⇠ �0.04 ✏ ⇠ ⌘ ⇠ 0.01At the pivot scale

Pk / H2

✏H

on larger scales: H
`<40 ⇠ H

pivot

and

steepening within slow-roll [FGP&Westphal 2013]
[Buosso et al. 2013]
[Cicoli et al. 2013]

asymmetric inflection point models

✏
`<40 ⇠ 1.1 ✏

pivot



Steepening in fibre inflation
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V =
p
⌧1⌧2 � ⌧3/23

Fibre modulus’ potential generated by perturbative corrections

Inflaton is a Kahler modulus
Inflation in Type IIB string compactifications

⌧2

p
⌧1

⌧3/23
⌧2

[Cicoli et al., 2008]

⌧1 ⌘ e�  = 2/
p
3

V = V0
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Steepening in fibre inflation
Too much expansion       power loss unobservable

Need steeper potential after inflection point
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Decreases         between suppression region and pivot scale�Ne

Steepening in fibre inflation

Renders suppression observable

̃ ⇠ 10

Example:
original model

Modification of the string-loop effects generating V



What pre-inflation?

• Fast-roll	



• Climbing scalars	



• Radiation domination	



• Matter domination	



• Curvature domination	



• Super inflation	



• Emergent Universe

⇠ = 2

Contaldi et al. 2003

Liu et al. 2013

Sagnotti et al. 2012/14

Nicholson&Contaldi 2007

Kinney&Powell  2008

⇠ = 0 Linde et al. 1998,…,2011
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Move beyond slow-roll and consider different dynamics:

Cline et al. 2003

Labrana 2013
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Pre-inflation and power spectrum
Want to compute                         after the end of inflation

Pk ⇠ kns�1 ⇥ H2
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2

Analytical computation, assuming instantaneous transition

encodes pre-inflationary physics

Similar to QM: require continuity&diff. of u across transitions
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Type I backgrounds



Different peak amplitude
Different low-k fall-off

Same broad features
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Type II backgrounds
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Type II backgrounds
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Type II backgrounds
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Type II backgrounds

Same qualitative behaviour

Enhancement of power in 
the deep IR
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Type II backgrounds
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Type II backgrounds
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Type II backgrounds

Same qualitative behaviour

Enhancement of power in 
the deep IR

Data hints at 5-10% suppression
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Type III backgrounds
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Type III backgrounds
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Type III backgrounds
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Pre-inflation and power loss

Degeneracy:  2 one-parameter families of primordial spectra
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Pre-inflation and power loss

Degeneracy:  2 one-parameter families of primordial spectra

Interesting hints:
[1311.1599] & [1402.1418] 

claim these spectra are better fits	


 than simpler monotonic 	
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Summary

Persistent hints from COBE / WMAP / PLANCK	


!
Short inflation modifies large scale/low-   power spectrum	


!
We might be seeing pre-inflationary phase	


!
Different ways to reduce power	



!
Degeneracy/universality in power loss	


!
Better understanding requires fit to the data	
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