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An Effective Theory for semi-classical Gravity

Accurately describe gravity 
at large length scales

GR

(∂g)2const.

Lorentzian signature, 4 dimensional theory

Classical gravity is well understood:
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An Effective Theory for semi-classical Gravity

(∂g)2const. (∂g)4 (∂g)4

Our contribution

Lorentzian signature, 4 dimensional theory

Quantum corrections to gravity can be organized as a derivative expansion within the framework of EFT:

A gravitational EFT for Inflation
[Bianchi & Gamonal ’25]

✴ DOFs: 2 tensor modes + 1 massive scalar ( )

✴  correction treated effectively via reduction of 
order for 

✴ Natural gravitational mechanism for observed 
signatures in the CMB (c.f. Starobinsky inflation)

✴ Sensible predictions depend at most on two 
parameters:  and . Theory is testable!

R2

W2

δ = |β/α | ≪ 1

α β

Accurately describe gravity 
at large length scales

GR

[Stelle ’78, Starobinsky ’79, Weinberg ’08, Anselmi et al. ’20]
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CMB Temperature anisotropies

(Planck Collaboration, 2018)
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fluctuationsCMB physics 

(photons & matter) 
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Assuming a quasi-de Sitter background, in 
general we’ll have deviations from a power-law:

CMB Temperature anisotropies
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Any further CMB measurement will put the theory to the test!

<latexit sha1_base64="GPM2Z49FArMyX4dZ+Vhxa/B0OFc="></latexit>
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[Bianchi & MG, PRD ’24]

Fixes value for coupling

Fixes value for

Current CMB Measurements:

Sets bound for coupling :β

<latexit sha1_base64="5HYFsl0a0lbc4OM46yaBQqcLaO0="></latexit>$

<latexit sha1_base64="5HYFsl0a0lbc4OM46yaBQqcLaO0="></latexit>$
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(e.g., Euclid, SPHEREx, S.O., DESI, Litebird, SKA)

(Planck Collaboration, 2018)
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Conclusions

Where are we now with 
our EFT approach?

Accelerated expansion of the 
late UniverseCavendish balance

<latexit sha1_base64="6ce09/N1pTM7GcjhpsHxU8YQgUg="></latexit>

G ⇡ 6.67⇥ 10�11 m3 kg�1 s�2 <latexit sha1_base64="yuTXV0tNjRA4dkrymS2oIcTFPXc="></latexit>

⇤ ⇡ 1.1⇥ 10�52 m�2

Primordial perturbationsWe have measured  and set a 
bound on . All further CMB 

measurements will test the rest of 
predictions of this theory

α
β

Link to the papers 
and more +

In this work we considered these assumptions:

✦ Metric perturbations around a quasi de Sitter background.

✦ Vacuum fluctuations of quantized metric perturbations around quasi Bunch-Davies.

✦ Effects from  may be relevant only at scales much higher than the inflationary 
scale: 

W2

|β/α | ≪ 1
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CMB Temperature anisotropies

Primordial curvature 
fluctuationsCMB physics 

(photons & matter) 

Angular correlation function 
(ensemble average)

[Planck Collaboration ’18]

Backup: To study the CMB  we developed this framework  

I. Quadratic action for generic SVT mode: 

II. Arbitrary FLRW metric (deviations from exact de Sitter)
<latexit sha1_base64="tPFe6YTXUh2263x69WkCG10gQV0="></latexit>

✏1H(t) ⌘ � Ḣ(t)

H(t)2

III. Hubble-flow expansion (deviations from vanilla inflation)

<latexit sha1_base64="P0KAJgT4+YvG7O3ML5vg2krxbZA="></latexit>

✏1Z(t) ⌘ � Ż (t)

H(t)Z (t)

<latexit sha1_base64="mF9ouqeth9uPRX2QkbOfqYuyAUw="></latexit>

✏1c(t) ⌘ � ċ (t)

H(t)c (t)

IV. Able to provide very precise predictions (next-to-next-to-next-to 
leading order)

<latexit sha1_base64="dEw17IaeDo/o+zb4yjfdlVe1lNc="></latexit>

✏(n+1)⇢(t) ⌘ � ✏̇n⇢(t)

H(t) ✏n⇢(t)
N3LO = 

[Bianchi & Gamonal. PRD ’24]

gμν = ḡμν + δgμν[Ψ]
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Backup: The Technique for the general case:  arbitraryZΨ, cΨ

<latexit sha1_base64="am2L8disXhJb8hCJeXJB6Gt/cg4="></latexit>
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Recall: →
(Mukhanov-Sasaki+time reparametrization)

How to find analytical expressions for two-point correlation functions?

<latexit sha1_base64="YyujxrjmUGh8/EO4izX1Fso+njI="></latexit>

g(y) = g1k + g2k ln(y) + g3k ln(y)
2 + · · ·

<latexit sha1_base64="QuFmHB4y10DGiVIF2P4tUYhcZTw="></latexit>
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New time variable: , expansion of  and so on, around :y = − kτ =
k c̃
aH

ϵ1H(t) → ϵ1H(y) = ϵ1Hk + ( . . . ) × log(y/yk), yk = 1

Leading order:

NLO:

N2LO:

<latexit sha1_base64="W8obUUp4pXr3h58XOpW4NRK1vAI="></latexit>

w(y) =

✓
1 +

i

y

◆
eiy (Bunch-Davies)
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w(y) = ???

<latexit sha1_base64="5BVhZThIR66WvklMSYUB3pLzLRk="></latexit>

u(k, t(y)) ! y w(y)p
2 k3 µ(y)
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Backup: Beyond slow-roll inflation and quasi Bunch-Davies

Assuming a pre-inflationary epoch 
(signatures of a Quantum Gravity era?)

Squeezed vacua induce power suppression and modulations

[Bianchi & Gamonal ’24; arXiv: 2410.11812]

<latexit sha1_base64="YER3+PNdS4WLwCmNrB6FzCQkezk="></latexit>

w̃(y) = ↵k w(y) + �k w(y)
⇤

Relevant for templates used to study primordial features

qBD becomes a reference for the new squeezed state:
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Backup: Pre-inflationary epoch and Squeezed vacua

Note that:

[Bianchi & MG, 2024b]

with

The induced phase  only contains information from the Hubble-flow parameters           ,          ,         , … δk
<latexit sha1_base64="PCMfBshdajhiExfhR3P9nwtdWp8="></latexit>✏1Hk
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Generic feature, 
present at all orders

Leading contributions for 
curvature perturbations
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Backup: Pre-inflationary phase and CMB anomalies

An epoch before standard inflation (e.g., a quantum gravity regime) could have a role in explaining/
alleviating CMB anomalies, such as the large-scale power suppression. 

[Bianchi & Gamonal ’25]

[MG’25]


