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Why Inflation is Hard: Classically



Why Inflation is Hard: Classically

Slow - Roll:

*n = 4 is excluded at 95% c.l. by 

WMAP.



Why Inflation Is Hard: Q.M. 

• Need:

• Without Special Structure:

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.



Hybrid Inflation: Classical Shape 



Hybrid Inflation: Corrections 

Loop Correction

+`Waterfall’ Effect

+ Natural Slow - Roll

= You have left EFT.



Dual Compositeness: Waterfall Coupling

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.
MPl

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

Λω

`Hadronize’

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

ΛΠ
`Hadronize’

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture. must be a relevant operator.



Dual Compositeness: Slow - Roll Correction

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

Typical energy density driving inflation:

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

Slow - Roll



Dual Compositeness: Dilaton Waterfall

What are we missing? QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

Spontaneously broken CFT: 
QuickTime™ and a

TIFF (LZW) decompressor
are needed to see this picture.

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

Drives ω → 0.

Protects m
Π

(low cutoff).

A relevant caveat: 
QuickTime™ and a

TIFF (LZW) decompressor
are needed to see this picture.

Assign ΟΠ and Οω discrete charge.



5D Dual Theory: Dictionary

5D 5D4D

PNGB

Dilaton

Dual Comp. w/ Gravity

Slow - Roll Potential

Waterfall Potential

Cross - Coupling

Relevant Operator

A5 Wilson Line

Warped Throat Radion

Two throats

Shared Planck Brane

(A5)Charged Matter

Bulk Matter (Radion)

Planck Brane Mix. Mass

Warped Tachyon



5D Schematic

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.



Inflaton Throat

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.



The Waterfall Throat

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.



The Cross - Coupling

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.



Two Field EFT
QuickTime™ and a

TIFF (LZW) decompressor
are needed to see this picture.



Slow - Roll: Integrate out ω

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.



Tunneling: Comparing Hybrids

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.



QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

Tunneling: Constraint

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.



(finite) Quantum Correction

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.DEMAND:



Sample Set of 5D Parameters

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

**(Planck Units)**
QuickTime™ and a

TIFF (LZW) decompressor
are needed to see this picture.



Tunings

One fine tuning (everybody does it): The 4D CC

λ is technically natural:  

Tachyon degeneracy:

Totally Avoid Bubbles?



Future Work
• SUSY

– Detune IR tension

– Low - scale inflation

• Bubble Phenomenology
– Bubble evolution/filling

– CMB signal



Summary
• Inflation under EFT control

– Classical Problems -> Hybrid

– Quantum Problems -> Dual Composites

• Dual 5D description of CFT

• Matches precision cosmology

• Possible novel signal



Happy Thanksgiving!

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.


