
STOCHASTIC INFLATION IN
SCALAR-TORSION f (T , ϕ) GRAVITY

Andrés Burton Villalobos

Department of Physics, University of Tarapaca
CosmoGrav-UTA, Arica, Chile

PhD Student in Physics

University of Tarapaca (UTA)
Arica, Chile — October 19, 2026

[Burton-Villalobos, Otalora, Work in progress]
1 / 11



Contents

1 Motivation

2 Theoretical Framework

3 Linear Perturbation & Separate Universe Approach

4 Stochastic Langevin Dynamics

5 Conclusions

2 / 11



Motivation

“There was something before the Big
Bang and that something is what we

will have in our future.”
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Theoretical Framework

The inflaton ϕ̂ = ϕ̂+ ϕ̂s splits [Aldabergenov, et al, arXiv:2506.21423] into a classical
background and quantum noise (ξ) driving the Langevin dynamics [R. Christie et al,

arXiv:2606.12636] (N: e-folds):

∂ϕ̂

∂N
= π̂ + ξ̂ϕ(N),

∂π̂

∂N
= −(3− ϵ1)π̂ − V,ϕ(ϕ̂)

H2
+ ξ̂π(N). (1)

Noise amplitude at the coarse-graining scale kσ [V. Vennin, arXiv:2009.08715]:

⟨0|ξ̂ϕ(N1)ξ̂ϕ(N2)|0⟩ ∝ |ϕkσ (N1)|2δ(N1 − N2). (2)

Figure: 1. Stochastic inflation Figure: 2. Slow-roll inflation
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Theoretical Framework

The scalar-torsion teleparallel action [Gonzalez, Otalora, P.L. B 809, 135696] is:

S =

∫︂
d4x e [f (T , ϕ) + P(ϕ)X ]. (3)

Varying Eq. (3), we obtain the background equations:

f (T , ϕ)− P(ϕ)X − 2Tf,T = 0, 1st Friedmann eq. (4)

f (T , ϕ) + P(ϕ)X − 2Tf,T − 4Ḣf,T − 4H ˙f,T = 0, 2nd Friedmann eq. (5)

−P,ϕX − 3P(ϕ)Hϕ̇− P(ϕ)ϕ̈+ f,ϕ = 0, Klein-Gordon eq. (6)

Using e-folds N = ln a, momentum Π ≡ ϕ,N = ϕ̇
H and ϵ ≡ −H,N

H = − Ḣ
H2 , the

background dynamics are:

Π,N = −(3− ϵ)Π− P,ϕ

2P
Π2 +

f,ϕ
PH2

. (7)

This is the deterministic drift that must be recovered when the stochastic sources
are switched off. In a slow-roll regime,

|Π,N | ≪ 3|Π|, ϵ≪ 1,

⃓⃓⃓⃓
P,ϕ

2P
Π2

⃓⃓⃓⃓
≪
⃓⃓⃓⃓
f,ϕ
PH2

⃓⃓⃓⃓
, so that ΠSR ≃ f,ϕ

3PH2
. (8)

The sign is consistent with the GR limit because f,ϕ = −V,ϕ.
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Cosmological Perturbation Theory

Extra degrees of freedom in MTG are non-dynamical and eliminated via
constraints.

ds2 = −(1 + 2α)dt2 + 2∂iβ dt dx
i + a2(t)δijdx

idx j , eaµ = ēaµ + δeaµ (9)

In the spatially flat gauge (ψ = 0), scalar perturbations are entirely encoded in
the gauge-invariant field fluctuation (Q ≡ δϕ). The reduced second-order action:

S2 =
1

2

∫︂
dt d3x a3P

[︃
Q̇2 − (∂Q)2

a2
−M2

QQ
2

]︃
. (10)

With the torsion-dependent effective mass parameter:

M2
Q =

1

a3P

d

dt

[︄
a3

(︄
P,ϕ

˙̄ϕ+
P2 ˙̄ϕ2

4Hf,T

)︄]︄
− f,ϕϕ

P
− P,ϕϕ

˙̄ϕ2

2P
+

f,Tϕ
2

Pf,TT
− 3P ˙̄ϕ2

4f,T

− P2 ˙̄ϕ4

16H2f,T
2 +

˙̄ϕ

2Hf,T

(︃
f,ϕ − 1

2
P,ϕ

˙̄ϕ2
)︃
.

(11)

Varying with respect to Q yields the full wave equation of motion (CPT equation):

Q̈ +

(︄
3H +

Ṗ

P

)︄
Q̇ − ∂2Q

a2
+M2

QQ = 0. (12)
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Separate Universe Approach

We decompose the field into the background and first-order perturbation [Jackson,

et al, arXiv:2311.03281]:

ϕ(t, x⃗) = ϕ̄(t) + δϕ(t, x⃗). (13)

We work in the spatially flat gauge (ψ = 0), with Q ≡ δϕ, local lapse
perturbation dt → (1 + α)dt, and approximating to first order:

δϕ̇ = ˙(δϕ)− α ˙̄ϕ, δϕ̈ = ¨(δϕ)− α̇ ˙̄ϕ− 2α ¨̄ϕ, δX = ˙̄ϕ ˙(δϕ)− ˙̄ϕ2α. (14)

Perturbing the scalar-torsion field equations yields the constraint and dynamical
system (δT = 12HδH):

δT (−f,T − 2Tf,TT ) + δϕ(f,ϕ − P,ϕX − 2Tf,Tϕ)− PδX = 0, (15)

−P,ϕϕδϕX − P,ϕδX − 3P,ϕδϕH
˙̄ϕ− 3PδH ˙̄ϕ− 3PHδϕ̇

−P,ϕδϕ
¨̄ϕ− Pδϕ̈+ f,ϕϕδϕ+ f,ϕT δT = 0.

(16)

Non-dynamical variables (α, δH) act as algebraic Lagrange multipliers and
are integrated out directly.
Formulates the deterministic classical drift for the coarse-grained Langevin
equations.
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Separate Universe Approach

Eliminating the non-dynamical constraints yields the local patch equation:

Q̈ +

(︄
3H +

Ṗ

P

)︄
Q̇ +M2

QQ = 0, (17)

where the torsion-dependent effective mass is given by:

M2
Q =

1

a3P

d

dt

[︄
a3

(︄
P,ϕ

˙̄ϕ+
P2 ˙̄ϕ2

4Hf,T

)︄]︄
− f,ϕϕ

P
− P,ϕϕ

˙̄ϕ2

2P
+

f,Tϕ
2

Pf,TT
− 3P ˙̄ϕ2

4f,T

− P2 ˙̄ϕ4

16H2f,T
2 +

˙̄ϕ

2Hf,T

(︃
f,ϕ − 1

2
P,ϕ

˙̄ϕ2
)︃
.

(18)

Super-Hubble patches (k ≪ aH) act as local FLRW universes, causing spatial
gradients to vanish in SUA. Comparing with the CPT equation:[︃

Q̈ +

(︃
3H +

Ṗ

P

)︃
Q̇ − ∂2Q

a2
+M2

QQ

]︃
⏞ ⏟⏟ ⏞

Full CPT Equation

k→0−−−→
[︃
Q̈ +

(︃
3H +

Ṗ

P

)︃
Q̇ +M2

QQ

]︃
⏞ ⏟⏟ ⏞
Separate Universe Equation (SUA)

(19)

This establishes the analytical consistency of the long-wavelength background
evolution.
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Stochastic Langevin Dynamics

Coarse-graining (kσ = σaH) [C. Pattison, et al, JCAP 07, 031] with Bunch-Davies
vacuum sets the phase-space Langevin system [V. Vennin, arXiv:2009.08715]:

ϕc,N = Πc + ΞQ , Πc,N = −(3− ϵc)Πc −
P,ϕ

2P
Π2

c +
f,ϕ
PH2

c

+ CΠΞΠ + CQΞQ (20)

The symmetric noise correlator 1
2 ⟨{ΞI (N),ΞJ(N

′)}⟩ = AIJ(N)δ(N − N ′) yields:

AQQ ≃ H2

4π2P
=⇒ δϕq =

H

2π
√
P
, AQΠ ≃ λQAQQ , AΠΠ ≃ λ2QAQQ (21)

where λQ ≡ Qk,N/Qk . The diffusion matrix is approximately rank-one on
super-Hubble scales.
Diffusion overcomes the classical drift (∆Ndiff ∼ D/A2) when:

Qdiff ≡ δϕq
δϕcl

=
3H3

√
P

2π|f,ϕ|
≳ 1 ⇐⇒ ∆Ndiff = Q2

diff (22)

Teleparallel modifications enter via: drift f,ϕ/(PH
2), kick H/(2π

√
P), and mass

M2
Q .
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Conclusions

Equivalence CPT ↔ SUA:
Verified analytically in the super-horizon limit (k → 0) for general
scalar-torsion f (T , ϕ) gravity.

Fokker-Planck and Observables:
The stochastic δN framework connects effective mass, kinetic coupling, and
spectral corrections to changes in the tensor-to-scalar ratio and non-Gaussian
tails.

Imprint on Primordial Seeds:
First Passage Time statistics (⟨∆N 2⟩) directly encode torsion corrections
into curvature perturbations.

Cosmological Bridge:
Provides a consistent path from quantum bounce origins to late-time fates
via stochastic structure generation.

Future Directions:
Evaluation of UV correlators for PBH observables via Lindblad open quantum
dynamics.
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Thank you
very much!
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