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137 billion years




Dark Energy models
Scalar-Tensor theories

® Scalar condensate ¢g = Accelerated expansion
® Shift-symmetry and Higher derivative operators

® Propagates a single “new"” degree of freedom

Scalings

® Single scale A: Higher derivative operators are suppressed at low energies & < A
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® Two scales Ao and Ags:
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Both kinds of operators contribute equally if:

A4 ~ MpA3

A3: Cutoff



DHOST theories
Most general degenerate theorles with (VV¢)2 and/or (VV¢)3




® Main implication




Remarks:
® Asuming shift-symmetry: G5 = 0 = L

® |f also Fy =0, then G4 = const = L4 ~ R




Consistency

Effective Field Theories

® All operators compatible with the symmetries are generated at O(1) by quantum
corrections

® Stability under Quantum Corrections: The structure of the theory (i.e. relative
scaling of the operators) is not spoiled

DE models
® Naive power counting:
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® Taking into account the structure of Horndeski theories:
Weakly Broken Galilean (WBG) invariance
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Pirtskhalava, Santoni, Trincherini & Vernizzi (2015)



Special case

® Quartic Horndeski—i—Bey nd-Horndéski:
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Summary
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No instabilities Nonrenormalization Speed of GWs

Remarks
® The measurement of the speed of GWSs does not impose fine tuning on the DE

models with WBG due to their Nonrenormalization properties

® The most general WBG theories are those formed by the combination of quartic
Horndeski and Beyond-Horndeski lagrangians (previously only known for the
former)

® No assumption on the existence of a decoupling limit is necessary

Outlook

® Further constrains from theoretical considerations? (ex. positivity bounds from
analiticity of the S-matrix, etc)



