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GR as an EFT

Dark Energy
as an EFT

ΛN𝜕5𝑐*,H + T
*Λ

+𝜕5𝑐*,B ≥ 0

𝐴!"# 𝑠, 𝑡 =C
O,Q
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…

Heavy physics is captured by the EFT expansion,

Causality 
+

Unitarity 

A UV fixed point (i.e. 𝑐*O,Q ∞ = 0) can only exist if the
𝑐*O,Q Λ satisfy an infinite number of coupled constraints,

𝑐+,B ≥ 0e.g.

⇒

and

Positivity bounds
on ∂2𝑐3(Λ)
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e.g.  [Tokuda+Aoki+Hirano, 2007.15009] 
[Alberte+de Rham+Jaitily+Tolley,, 2007.12667]
[Caron-Huot+Li+Parra-Martinez+Simmons-Duffins, 2201.06602]
[Bern+Herrmann+Kosmopoulos+Roiban, 2205.01655]
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Many recent developments:
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Dark Energy as an EFT
ℒABC[𝑔;< , 𝜙]

Light scalar fieldMetric

Scalar-tensor EFT

Many possible interactions. Two ways to proceed:

with ΛT ~𝑀Y𝐻B* ≪ 𝑀Y
T
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Deceleration parameter

Fluctuations with energy 𝐻 ≪ 𝜔 ≪ Λ
do not feel background curvature.

𝑑𝑠# = −𝑑𝑡# + 𝑎# 𝑡 𝑑𝒙#
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This amplitude violates the positivity bounds required for a 
unitary UV completion in large regions of parameter space.

[Renk et al, 1707.02263]

No UV 
completion

[SM+Noller 2202.01222]
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Scalar-tensor EFT with ΛT ~𝑀Y𝐻B* ≪ 𝑀Y
T



Dark Energy as an EFT

e.g. [SM+Noller, 1904.05874] 
[Herrero-Valea+Timiryasov+Tokareva, 1905.08816]
[SM+Grall, 2102.05683]
[de Rham+SM+Noller, 2103.06855]
[Noumi+Tokuda, 2105.01436], …

Many possible interactions. Two ways to proceed:

(2) Work with general parametrisations

Some general lessons:

(i) Subluminal GWs are difficult* to UV complete

(ii) Screening mechanisms are difficult* to UV complete

* difficult = any operator that contributes to 2 → 2 scattering only satisfies these
positivity bounds if they lead to superluminal GWs and no screening

[de Rham+Tolley, 1909.00881]
[de Rham+SM+Noller, 2103.06855]

ℒABC[𝑔;< , 𝜙]

Light scalar fieldMetric

Scalar-tensor EFT with ΛT ~𝑀Y𝐻B* ≪ 𝑀Y
T

[SM+Davis, 2107.00010]

ℒABC = 𝑀+ 𝑋 𝑅 + 𝑃 𝑋

with 𝑋 = 𝜕𝜙 +



𝑐%

GR as an EFT

Dark Energy
as an EFT

ξ(𝑐*)

No UV 
completion

[SM+Noller 2202.01222]ℒ789 = 𝑀:
"𝑅 + 𝑐* Λ 𝑅;<=>𝑅;<=>

"

+�̃�*(Λ) 𝑅;<=> A𝑅;<=>
"
+⋯

has 𝑐5 Λ > 0 and �̃�5 Λ > 0

ΛN𝜕5𝑐*,H + T
*Λ

+𝜕5𝑐*,B ≥ 0

𝐴!"# 𝑠, 𝑡 =C
O,Q
𝑐*O,Q Λ (𝑠 + 𝑡/2)*O𝑡Q

Λ*0𝜕/𝑐"0,3 = 𝜌 Λ, 0 ≥ 0

Λ*02"𝜕/𝑐"0,! + "02!
" Λ*0𝜕/𝑐"0,3 = 𝜕4𝜌 Λ, 0 ≥ 0

…

Heavy physics is captured by the EFT expansion,

Causality 
+

Unitarity 

A UV fixed point (i.e. 𝑐*O,Q ∞ = 0) can only exist if the
𝑐*O,Q Λ satisfy an infinite number of coupled constraints,

𝑐+,B ≥ 0e.g.

⇒

and

Positivity bounds
on ∂2𝑐3(Λ)

(i) Subluminal GWs are difficult 
to UV complete

(ii) Screening mechanisms are 
difficult to UV complete




