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Confronting IR divergences in de Sitter QFT

Spyros Sypsas
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Put a scalar QFT on dS and just wait...

Related issues:

⋆ dS stability
⋆ cmb/lss phenomenology
⋆ PT during inflation
⋆ DE?
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The problem
Probe scalar in the Poincare patch of (rigid) de Sitter space
(H = const):

φ,V(φ)
∣∣∣ ds2 = a2(τ)(−dt2 + dx2), a = (Hτ)−1.

Wavelengths stretch λ = ℓa, wavevectors shrink p = k/a.

λH λH λH

t

⋆ Q: What is the statistics (correlators/PDF) of long modes?
(random process in an open system)

⋆ Methods: QFT (Feynman graphs) = Stochastic (Langevin eq)
Spyros Sypsas Centro de Ciencias Exactas, UBB, Chile Confronting IR divergences in de Sitter QFT



.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

P(φ) → P(δT) → P(δg) , P(δpbh)
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V(φ) on dS

S =

∫
d3x dτ a2

[
1
2 φ̇

2 − (∇φ)2

2 − a2V(φ)
]

V(φ) =
∞∑

n=2

λbare
n
n! φn

We will be interested in single-point statistics (i.e. histograms
marginalised over x)

⟨φn⟩ = ⟨φ(x1) · · ·φ(xn)⟩
∣∣∣∣
x1=···=xn

∝ λobs
n
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UV/IR structure of correlators
The simplest correlator is the (free theory) one-point variance:

σ2 = H2
∫ ∞

0

dk
(2π)3

1
k3

(
1 + (kτ)2)

or, in physical momentum p ≡ Hkτ

σ2 =

(
H
2π

)2 ∫ ∞

0

dp
p

(
1 +

p2

H2

)
UV divergence: ∝ p2

IR divergence: ∝ ln p
Cure for external legs: restrict to long modes
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Long-mode statistics

Long-short split: φ = φS + φL:

φL(x, t) ≡ L̂ {φ(x, t)} =

∫
k

eikxW(k)φ̃k(t)

W(k) = θ(k∗(t)−k)×θ(k−k∗(ti)) ||W(p) = θ(H−p)×θ(p−k∗(ti)/a)

Cut off external legs at k∗(ti) ≡ kIR. This is our choice!

Spyros Sypsas Centro de Ciencias Exactas, UBB, Chile Confronting IR divergences in de Sitter QFT



.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

Secular structure of correlators

Now
σ2

L(t) =
(

H
2π

)2 ∫ H

H/a

dp
p =

H3t
4π2

We regularized but we now have a secular behaviour.

Linear modes independent → variance additive → blows up
asymptotically (secular).

Cure: resummation (e.g. stochastic formalism)

Spyros Sypsas Centro de Ciencias Exactas, UBB, Chile Confronting IR divergences in de Sitter QFT



.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

What does the Fokker-Planck resum?

Edgeworth expansion of the PDF truncated to linear order in the
interactions (single-vertex diagrams):

ρ(φ, t) = e−
1
2

φ2
σ2(t)√

2πσ2(t)
[1 +∆(φ, t)]

with

∆(φ, t) =
∞∑

n=0

1
n!

〈
φn(t)

〉
c

σn Hen(φ/σ)

Perturbative QFT = Gaussian variables =

Feynman rules = Wick’s theorem
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FP resums single-vertex all-loop correlators into an Edgeworth
expansion of the PDF

The loop time-dependence matters!
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Daisy loops
Do loops change the secular growth?

V(φ) = λbare
4 φ4 + λbare

6 φ6 + · · · , (e.g. axion V ∝ 1 − cosφ/f)

Recall that loops are virtual processes; they control the validity.

Cure for internal legs: UV & IR cutoffs or dim reg + renormalization

Now there is a choice to be made! Comoving vs physical IR cutoff.

Is ti part of the theory?
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Define the regularized free-theory variance as

σ2
0 =

(
H
2π

)2 ∫ ΛUV

ΛIR

dp
p =

(
H
2π

)2
ln

ΛUV
ΛIR

The way we cut off loops matters. Recall p = k/a(t). A constant
comoving cutoff implies ΛIR = ΛIR(t) and σ0 = σ0(t) (just like the
observable variance σL(t)). A constant physical cutoff implies
ΛIR = const and σ0 = const. This affects the dynamics of the
PDF (which is exactly what the stochastic formalism attempts to
describe). Finally, time dependence breaks dS boosts.
A triad of equivalent statements:

1) Loop infrared cutoff Starobinsky ’86; Tsamis & Woodard ’05; +++

2) Stochastic formalism Starobinsky & Yokoyama ’94; Tsamis & Woodard ’05; +++

3) Breaking of dS isometries by massless zero mode Allen & Folacci ’87

Spyros Sypsas Centro de Ciencias Exactas, UBB, Chile Confronting IR divergences in de Sitter QFT



.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

A comoving loop cutoff leads to an FP equation that admits an
equilibrium solution:

ρ̇ =
H3

8π2
∂2ρ

∂φ2 +
1

3H
∂

∂φ

(
ρV ′

ren

)
||

[
ρ∞ ∝ e−V/H4

]
Starobinsky & Yokoyama ’94; Tsamis & Woodard ’05; +++

A physical loop cutoff leads to an FP equation that admits an
equilibrium solution:

ρ̇ =
H3

8π2
∂2

∂φ2

[
ρ
(
1 − 2Ht

3H2V
′′
ren

)]
+

1
3H

∂

∂φ

(
ρV ′

ren

)
Physical cutoff: loops renormalise the vertex

Comoving cutoff: Loops enhance secular growth
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To sum-up
⋆ Statistics of long scalar modes on dS
⋆ resummation of Feynman diagrams = stochastic formalism
⋆ Important details :

Physical vs comoving loop regulator: cumulative diffusion
Need for resummation in V to reach equilibrium

Thanks!
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Let us first choose a physical cutoff (dS invariant regulator). Then

σ2
0 =

(
H
2π

)2 ∫ ΛUV

ΛIR

dp
p =

(
H
2π

)2
ln

ΛUV
ΛIR

SK, in-in, WFU: n-pt functions loop-resummed to:〈
φn(τ)

〉
c
= −8π

H4 Im
{∫ ∞

0
dx

∫ τ

τi

dτ̄ x2

τ̄4λ
obs
n

[
g(x, τ̄ , τ)

]n
}

with g the propagator and

λobs
n =

∑
L=0

λbare
n+2L
L!

(
σ2

0
2

)L

(This is nothing but the coefficients of a Weierstrass transform)
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The PDF of long modes

Edgeworth expansion of the PDF truncated to single-vertex
diagrams:

ρ(φ, t) = e−
1
2

φ2
σ2(t)√

2πσ2(t)
[1 +∆(φ, t)]

with

∆(φ, t) =
∞∑

n=0

1
n!

〈
φn(t)

〉
c

σn Hen(φ/σ)
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Upon using
OφHen(φ/σ) = −nHen(φ/σ)

the PDF can be resummed:

∆(φ, τ)=
8π
H4 Im

∫ ∞

0
dx

∫ τ

τi

dτ̄ x2

τ̄4

(
g(x, τ̄ , τ)

σ2

)−Oφ

e−
σ2

0
2

∂2
∂φ2 V(φ)︸ ︷︷ ︸

Vren(φ)

such that ρ = ρ0 [1 +∆]

This is the PDF of long modes
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Emergence of stochastic dynamics

kτ → 0 limit:

∆(φ, t) = Ht
3H2

(
V ′′

ren(φ)−
φ

σ2V
′
ren(φ)

)
and we then take a time derivative of the PDF:

ρ̇ =
H3

8π2
∂2

∂φ2

[
ρ
(
1 − 2Ht

3H2V
′′
ren

)]
+

1
3H

∂

∂φ

(
ρV ′

ren

)
Fokker-Planck equation
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Performing the same computation with a comoving IR cutoff:

〈
φn(t)

〉
c
= −4π2n

3H4 σ2n(t)
∞∑
L

λn+2L
(n + L)L!

(
σ2(t)

2

)L

leads to a PDF that satisfies the autonomous Fokker-Planck eq:

ρ̇ =
H3

8π2
∂2ρ

∂φ2 +
1

3H
∂

∂φ

(
ρV ′

ren

)
||

[
ρ∞ ∝ e−V/H4

]
Starobinsky & Yokoyama ’94; Tsamis & Woodard ’05; +++

Physical cutoff: loops renormalise the vertex

Comoving cutoff: Loops enhance secular growth
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The stochastic approach: Starobinski-Yokoyama 90’s

Long modes: nonlin but classical
Short modes: lin but QM

5 10 15 20

-4

-2

2

4

How to model the effect of short modes at large scales?
φ̂k = φlinâk + φ∗

linâ†k → ξ̂k = φlin(âk − â†k)
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The EOM for long modes now becomes a stochastic Langevin
equation: for ∆t ≫ 1/H,

φ̇L = Hξ̂(t)− 1
3HV ′

ren(φL)

where ξ̂(t) is a Gaussian stochastic noise representing the
short-mode bath:

ξ̂ ≡ H−1
∫

k
Ẇ(k) φ̃k ,

〈
ξ̂(t1)ξ̂(t2)

〉
∝ δ(t1 − t2)

From this one can straightforwardly get the autonomous FP
equation: integrate Langevin

φL(t) = φG(t)− 1
3H

∫
dt′ V ′

ren [φG(t′)]

compute
⟨φn

L(t)⟩c
plug in Edgeworth and derive:

ρ̇ =
H3

8π2
∂2ρ

∂φ2 +
1

3H
∂

∂φ

(
ρV ′

ren

)
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Langevin from in-in

φ(x, t) = U(t)φI(x, t)U†(t), where φI(x, t) is the interaction-picture
field and U = exp

{
− i

∫
dt′

∫
d3x′ Vren(φI)

}
.

To first order in the potential:

φ(t) ≃ φI(t)−
1

3H

∫
dt′ V ′

ren
[
φI(t′)

]
Now apply L̂:

φL(t) ≃ φG(t)− 1
3H

∫
dt′ L̂ {V ′

ren [φI(t′)]}

Starobinski approximation:

L̂
{
V ′

ren
[
φI(t′)

]}
= V ′

ren(L̂φI)

When does this hold? When we negelct short-long mode
correlations. (equivalent to comoving vs physical loop cutoffs)
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Computing
⟨φn

L(t)⟩c ,

with V ′
ren(L̂φI) leads to

ρ̇ =
H3

8π2
∂2

∂φ2ρ+
1

3H
∂

∂φ

(
ρV ′

ren

)
Computing

⟨φn
L(t)⟩c ,

with L̂ {V ′
ren [φI(t′)]} and following the same steps now leads to

ρ̇ =
H3

8π2
∂2

∂φ2

[
ρ
(
1 − 2Ht

3H2V
′′
ren

)]
+

1
3H

∂

∂φ

(
ρV ′

ren

)
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Edgeworth expansion

ρ(φ) =

∫
dJ z(J)e−iJφ

Using z = ew, and w(J) = −1
2σ

2J2 +
∑∞

n=1
in
n!⟨φ

n⟩cJn, we obtain

ρ(φ) =
e−

1
2
φ2
σ2

√
2πσ

∞∑
N=0

1
N!

∞∑
n1=0

· · ·
∞∑

nN=0

⟨φn1⟩c
n1!σn1

· · · ⟨φ
nN⟩c

nN!σnN
Hen1+···+nN(φ/σ)
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(a)

<latexit sha1_base64="49PcDpC2/QxsT+gPYdh5DCLyVXQ=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmIzHBhtxRoCWJjSVGQRK4kL1lDzbs7V1250zIhZ9gY6Extv4iO/+NC1yh4EsmeXlvJjPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJx8SpZrzNYhnrbkANl0LxNgqUvJtoTqNA8sdgcjP3H5+4NiJWDzhNuB/RkRKhYBStdF8NLgfliltzFyDrxMtJBXK0BuWv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tTp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjtZ0IlKXLFlovCVBKMyfxvMhSaM5RTSyjTwt5K2JhqytCmU7IheKsvr5NOveY1ao27eqXZyOMowhmcQxU8uIIm3EIL2sBgBM/wCm+OdF6cd+dj2Vpw8plT+APn8weJho1I</latexit>

(b)

<latexit sha1_base64="onFPTXWSJwLseKmEy89aN94J7Rw=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmIzHBhtxRoCWJjSVGQRK4kL1lDjbs7V1290zIhZ9gY6Extv4iO/+NC1yh4EsmeXlvJjPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTjo5TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ+BhMbub+4xMqzWP5YKYJ+hEdSR5yRo2V7qvsclCuuDV3AbJOvJxUIEdrUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCa/9jMskNSjZclGYCmJiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10mnXvMatcZdvdJs5HEU4QzOoQoeXEETbqEFbWAwgmd4hTdHOC/Ou/OxbC04+cwp/IHz+QOLC41J</latexit>

(c)

<latexit sha1_base64="KkFpvx6AqSMSzZsYFvwc5yrvYSY=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqV6EghePFWwttEvJptk2NJtdk9lCKf0dXjwo4tUf481/Y7bdg7Y+GObx3gyZvCCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuh1Qw6VQvIkCJW8nmtMokPwxGN1m/uOYayNi9YCThPsRHSgRCkbRSn4XaUpuSNZ6bq9ccavuHGSVeDmpQI5Gr/zV7ccsjbhCJqkxHc9N0J9SjYJJPit1U8MTykZ0wDuWKhpx40/nR8/ImVX6JIy1LYVkrv7emNLImEkU2MmI4tAse5n4n9dJMbz2p0IlKXLFFg+FqSQYkywB0heaM5QTSyjTwt5K2JBqytDmVLIheMtfXiWti6pXq9buLyv1Wh5HEU7gFM7Bgyuowx00oAkMnuAZXuHNGTsvzrvzsRgtOPnOMfyB8/kDnAGRUw==</latexit>⌧ = ⌧0

<latexit sha1_base64="M9hbsYM0Pw2izwxm7rE88dBsde4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1YtQ8OKxgv2ANpTNdtMu3eyG3YlQQn+GFw+KePXXePPfuGlz0OqDXR7vzTAzL0wEN+h5X05pbX1jc6u8XdnZ3ds/qB4edYxKNWVtqoTSvZAYJrhkbeQoWC/RjMShYN1wepv73UemDVfyAWcJC2IyljzilKCV+gMk6U3+Df1htebVvQXcv8QvSA0KtIbVz8FI0TRmEqkgxvR9L8EgIxo5FWxeGaSGJYROyZj1LZUkZibIFivP3TOrjNxIafskugv1Z0dGYmNmcWgrY4ITs+rl4n9eP8XoOsi4TFJkki4HRalwUbn5/e6Ia0ZRzCwhVHO7q0snRBOKNqWKDcFfPfkv6VzU/Ua9cX9ZazaKOMpwAqdwDj5cQRPuoAVtoKDgCV7g1UHn2Xlz3pelJafoOYZfcD6+Ae07kQA=</latexit>⌧ = ⌧1

<latexit sha1_base64="Px0Fc4rKOZXd/zmpMx9rjeJajKY=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNFqhuh4MZlBfuA6VAyaaYNzSRDckcoQz/DjQtF3Po17vwbM+0stPVAwuGce7n3njAR3IDrfjuljc2t7Z3ybmVv/+DwqHp80jUq1ZR1qBJK90NimOCSdYCDYP1EMxKHgvXC6V3u956YNlzJR5glLIjJWPKIUwJW8gdA0tv8GzaG1ZpbdxfA68QrSA0VaA+rX4ORomnMJFBBjPE9N4EgIxo4FWxeGaSGJYROyZj5lkoSMxNki5Xn+MIqIxwpbZ8EvFB/d2QkNmYWh7YyJjAxq14u/uf5KUQ3QcZlkgKTdDkoSgUGhfP78YhrRkHMLCFUc7srphOiCQWbUsWG4K2evE66jbrXrDcfrmqtZhFHGZ2hc3SJPHSNWugetVEHUaTQM3pFbw44L86787EsLTlFzyn6A+fzB+6/kQE=</latexit>⌧ = ⌧2

<latexit sha1_base64="I7ldbetripxg0DGvXafFKfz5ED0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoMQm3AnEi0DNhYWEcyHJEfY2+wlS/b2jt05IYT8ChsLRWz9OXb+GzfJFZr4YODx3gwz84JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqZ+a0nro2I1QOOE+5HdKBEKBhFKz3elbtI05573iuW3Io7B1klXkZKkKHeK351+zFLI66QSWpMx3MT9CdUo2CSTwvd1PCEshEd8I6likbc+JP5wVNyZpU+CWNtSyGZq78nJjQyZhwFtjOiODTL3kz8z+ukGF77E6GSFLlii0VhKgnGZPY96QvNGcqxJZRpYW8lbEg1ZWgzKtgQvOWXV0nzouJVK9X7y1KtmsWRhxM4hTJ4cAU1uIU6NIBBBM/wCm+Odl6cd+dj0Zpzsplj+APn8wep74+l</latexit>

L(⌧0)

<latexit sha1_base64="zb0dQTZxXwHxehkpncKdMEgIE5o=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgxjIjUl0W3Ci4qGIf0BmHTCbThiaZIckIZRjwV9y4UMSt3+HOvzF9LLT1QOBwzrncmxOmjCrtON/WwuLS8spqaa28vrG5tW3v7LZUkklMmjhhieyESBFGBWlqqhnppJIgHjLSDgeXI7/9SKSiibjXw5T4HPUEjSlG2kiBve/dmHCEHvITtwhyT3J4fVcEdsWpOmPAeeJOSQVM0QjsLy9KcMaJ0Jghpbquk2o/R1JTzEhR9jJFUoQHqEe6hgrEifLz8fkFPDJKBONEmic0HKu/J3LElRry0CQ50n01643E/7xupuMLP6cizTQReLIozhjUCRx1ASMqCdZsaAjCkppbIe4jibA2jZVNCe7sl+dJ67Tq1qq127NKvTatowQOwCE4Bi44B3VwBRqgCTDIwTN4BW/Wk/VivVsfk+iCNZ3ZA39gff4AZQeVGg==</latexit>

⇤�1
IR

<latexit sha1_base64="bf5ylqJ9bCw/w1vwtzDFggjFYq8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BItYLyUpUj0WvHjwUMF+YBvKZrtpl242YXcilNB/4cWDIl79N978N27bHLT1wcDjvRlm5vmx4Bod59vKra1vbG7ltws7u3v7B8XDo5aOEkVZk0YiUh2faCa4ZE3kKFgnVoyEvmBtf3wz89tPTGkeyQecxMwLyVDygFOCRnq8Oy/3kCT96kW/WHIqzhz2KnEzUoIMjX7xqzeIaBIyiVQQrbuuE6OXEoWcCjYt9BLNYkLHZMi6hkoSMu2l84un9plRBnYQKVMS7bn6eyIlodaT0DedIcGRXvZm4n9eN8Hg2ku5jBNkki4WBYmwMbJn79sDrhhFMTGEUMXNrTYdEUUompAKJgR3+eVV0qpW3Fqldn9ZqteyOPJwAqdQBheuoA630IAmUJDwDK/wZmnrxXq3PhatOSubOYY/sD5/AA6cj9g=</latexit>

L0(⌧2)

<latexit sha1_base64="wlGX8uUFOdA22cKGoCyES98AtFU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1WoC0siUl0W3Ch0UcU+oIlhMpm2Q2eSMDMRSsgPuPFX3LhQxK17d/6N0zYLrR4YOJxzD3fu8WNGpbKsL6OwsLi0vFJcLa2tb2xumds7bRklApMWjlgkuj6ShNGQtBRVjHRjQRD3Gen4o4uJ37knQtIovFXjmLgcDULapxgpLXnmQaPiKJR49hF0JOXQaehsgLzUERxe3WR36bGdeWbZqlpTwL/EzkkZ5Gh65qcTRDjhJFSYISl7thUrN0VCUcxIVnISSWKER2hAepqGiBPpptNrMniolQD2I6FfqOBU/ZlIEZdyzH09yZEaynlvIv7n9RLVP3dTGsaJIiGeLeonDKoITqqBARUEKzbWBGFB9V8hHiKBsNIFlnQJ9vzJf0n7pGrXqrXr03K9ltdRBHtgH1SADc5AHVyCJmgBDB7AE3gBr8aj8Wy8Ge+z0YKRZ3bBLxgf30Bpmmg=</latexit>

L(⌧1) ⇠ ⇤�1
IR

<latexit sha1_base64="zb0dQTZxXwHxehkpncKdMEgIE5o=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgxjIjUl0W3Ci4qGIf0BmHTCbThiaZIckIZRjwV9y4UMSt3+HOvzF9LLT1QOBwzrncmxOmjCrtON/WwuLS8spqaa28vrG5tW3v7LZUkklMmjhhieyESBFGBWlqqhnppJIgHjLSDgeXI7/9SKSiibjXw5T4HPUEjSlG2kiBve/dmHCEHvITtwhyT3J4fVcEdsWpOmPAeeJOSQVM0QjsLy9KcMaJ0Jghpbquk2o/R1JTzEhR9jJFUoQHqEe6hgrEifLz8fkFPDJKBONEmic0HKu/J3LElRry0CQ50n01643E/7xupuMLP6cizTQReLIozhjUCRx1ASMqCdZsaAjCkppbIe4jibA2jZVNCe7sl+dJ67Tq1qq127NKvTatowQOwCE4Bi44B3VwBRqgCTDIwTN4BW/Wk/VivVsfk+iCNZ3ZA39gff4AZQeVGg==</latexit>

⇤�1
IR

Spyros Sypsas Centro de Ciencias Exactas, UBB, Chile Confronting IR divergences in de Sitter QFT
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φ̈k + 3Hφ̇k +
k2

a2φk + V ′ = 0

Spyros Sypsas Centro de Ciencias Exactas, UBB, Chile Confronting IR divergences in de Sitter QFT



.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

The renormalized potential

Separate the IR modes

φ = φS + φL + φIR

and integrate them out:

V(φ̄) = ⟨ΨIR|V(φ̄+ φIR)|ΨIR⟩

with
|ΨIR⟩ =

∫
DφIRΨ(φIR)|φIR⟩

with |φIR⟩ an IR field-eigenstate and |Ψ(φIR)|2 the Gaussian. This
leads directly to

V(φ̄) = Vren(φ̄)

Spyros Sypsas Centro de Ciencias Exactas, UBB, Chile Confronting IR divergences in de Sitter QFT


