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Motivation



Closed system - transition amplitude:  

⟨φf |U(tf, ti) |φi⟩ = ∫
φf

φi

#Φ eiS[Φ]

Open system - density matrix:  

⟨φf | ̂ρ(t) |φi⟩ = ⟨φf |U(tf, ti) ̂ρ0U(tf, ti)† |φi⟩ = ∑
φ3,φ4

∫
φf

φ4

#Φ+ ∫
φi

φ3

#Φ− eiS[Φ+]−iS[Φ−]⟨φ4 | ̂ρ0 |φ3⟩

ti tf�

Influence functional : 
- expand as EFT 
- mixes +/- branches

Seff

ti tf

ti tf

�+

��

In presence of an environment: S[Φ+] − S[Φ−] → Seff[Φ+, Φ−]

System 
Φ ≡ gμν, ϕ, …

Environment 
homogeneous &  
isotropic 
hierarchy of scales
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Schwinger-Keldysh formalism



Work with :(diff+
diff−) → (diffr

diffa)

Overall: (4d-diff+ × 4d-diff−) ≃ (4d-diffa × 4d-diffr)
open⟶ (4d-diffr)

clock⟶ (3d-diffr)

ti tf

ti tf

di↵a

7
ti tf

ti tf

di↵r

X

“Retarded” diffs - same direction: “Advanced” diffs - opposite direction:

ti tf

ti tf

g+µ⌫ , �
+, di↵+

g�µ⌫ , �
�, di↵�

In “single clock” cosmologies:

  most generic action invariant under  (see paper for explicit construction)⇒ Seff 3d-diffr
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Construction of Seff



Application: Open EFT of Inflation

EFT of inflation: 
all single-field 

inflationary models 
[Cheung et al. 2008]

Open EFT of 
inflation: 

additional presence 
of environment

··hij − c2
T

∇2

a2 hij + (ΓT + 3H) ·hij + χ
a

ϵimn∂m
·hnj = ξij

 : Speed of propagation 
 : Dissipation 

 : Birefringence 
 : Noise

c2
T

ΓT
χ
ξij

Tensor sector - modified propagation of GWs: 

Scalar sector:
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Inflaton perturbations sourced by environmental noise  
[Agüì-Salcedo et al. 2024]


