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Can we establish a theoretical framework to help 
guide “realistic” model building?



Nothing wrong with ⇤CDM



Effective Field Theory and Inflation

Approach One
Weinberg, “Effective Field Theory for Inflation”, 0804.4291
Expand background (inflaton and metric) in derivative expansion

Approach Two

Expand perturbations about spontaneously broken background
(broken by time dependence)

Cheung, et. al.  “The Effective Field Theory of Inflation”, 0709.0293

Advantages of approach two:
- Inflationary background is not directly observable = focus on perturbations
- Non-linearly realized symmetry establishes relationships between parameters.
- Many inflation models don’t admit derivative expansion of background 
  ( e.g. DBI )

Disadvantage:  Background is taken a priori.



EFT of Quintessence
(useful to address stability issues)
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Simple First Step towards EFT of Dark Energy  
Adapt approach of Weinberg

Approach One
Weinberg, “Effective Field Theory for Inflation”, 0804.4291
Expand background (inflaton and metric) in derivative expansion
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Already many subtleties...

Hierarchy of Scales, 
Additional matter sector complicates picture



Already many subtleties...

How to capture modified gravity models?



Already many subtleties...

How to capture modified gravity models?



Already many subtleties...

How to capture modified gravity models?



arXiv:1003.1722  w/ Park and Zurek
Approach One:  EFT of Background

Weak Equivalence principle
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arXiv:1209.2706 w/ Mueller and Bean 

Approach One Application:
Requiring attractor behavior leads to constraints on coefficients of the EFT

Can establish constraints on the background, 
but we miss a large class of non-linear models

http://arxiv.org/abs/arXiv:1209.2706
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⇤CDM

arXiv:1304.4840  Gleyzes, Langlois, PIazza, Vernizzi
arXiv:1211.7054 w/ Bloomfield, Flanagan, and Park 
arXiv:1210.0201 Gubitosi, Piazza, VernizziApproach Two:  

Assume                Background, 
construct most general theory of perturbations

Framework now compatible with Vainshtein mechanism



arXiv:1304.4840  Gleyzes, Langlois, PIazza, Vernizzi
arXiv:1211.7054 w/ Bloomfield, Flanagan, and Park 
arXiv:1210.0201 Gubitosi, Piazza, Vernizzi

Adapt EFT of Inflation ( Cheung, et. al. 0709.0293 ) to dark energy

Must include Dark Matter Sector
  
Background taken a priori as Lambda-CDM

Messy!

However, adequately reproduces existing models...
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Should we all just accept w= -1 and move on?

“Don’t modify gravity, understand it.”  -- Nima

Is such an approach worth exploring further?
	 Many experimentalists / observers seem to think yes.

https://webcast.stsci.edu/webcast/detail.xhtml?talkid=3398

Some Challenges:
- Hierarchy of many scales 
- Non-locality at equal matter/DE?
- Complicated equations (Just a Numerical challenge?)
- Can we measure these coefficients well? 
- Is there really a good model of modified gravity?
- ... ?
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