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Introduction

Spectator QCD axion during Inflation

Background :

ϕ̈+ 3Hϕ̇+
dVinf

dϕ
= 0

3M2
PlH

2 = Vinf +
ϕ̇2

2

Spectator axion :

θ̈ + 3H θ̇ +
dvax
dθ

= 0

vax (θ) = m2 (T ) [1− cos (θ)]
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Introduction

Goals and assumptions

Goals :

Compute the distribution of the axion at the end of inflation under
more realistic assumptions

Derive constraints on f

Derive constraints on the inflationary scenario

Hypothesis :

Ωa = ΩDM

The axion is a spectator field during inflation

h2ΩDM = bθ2end

[
1− ln

(
1− θ2end

π2

)]β (
f

f̂

)β

, Turner (1986)

Constraints :

Satisfy isocurvature bound
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Stochastic Inflation

Stochastic inflation

Starobinsky (1982,1986)
Starobinsky,Yokoyama
(1994)
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Stochastic Inflation

Equation of motion in the SR limit

Slow-roll condition for the axion :

H(N) >> m

Langevin equation :

dθ

dN
= − v ′ax (θ)

3H2 (N)
+

H (N)

2πf
ξ(N)

ξ(N) : Gaussian white noise :

⟨ξ(N)⟩ = 0

⟨ξ(N)ξ(N ′)⟩ = δ(N − N ′)
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Stochastic Inflation

Fokker-Planck equation

∂P

∂N
=

m (T )2

3H2(N)

∂

∂θ
(sin (θ)P) +

H2(N)

8π2f 2
∂2P

∂θ2

m (T ) ∼
{

Λ2

f

(
TQCD

T

)n
T > TQCD , n = 4, TQCD = 150 MeV

Λ2

f T ≤ TQCD , Λ = 100 MeV

If H is independent of time :

Pstat(θ) =
exp

[
8π2m2f 2

3H4 cos(θ)
]

2πI0
(
8π2m2f 2

3H4

)
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Previous works

Axion window

Graham, Scherlis (2018)
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Previous works

Assumptions

Reaching equilibrium requires :

Neq ≪ NH (Hardwick, Vennin, Byrnes, Torrado, Wands 2017)

NH = ϵ−1
1 = |d lnH/dN|−1 Neq =

{
16π4 f 2

H2 if H ≫ Λ
H2

m2 if H ≪ Λ

If H = 10−5GeV and f = 1010GeV :

Neq = 1034e-folds

If H = 105GeV and f = 1010GeV :

Neq = 1013e-folds
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Previous works

Beyond the equilibrium distribution

A long phase of inflation requires large-field completion

Ubiquitous correction : mass term

V (ϕ) =
m2

ϕ

2
ϕ2

H (N) = Hend

√
1 + 2 (Nend − N)

Hypothesis :

Pre-inflationary scenario : Hend < f

In quadratic inflation :

NH = H2/H2
end

Equilibriation condition :

H >> Hc ≡
√
f Hend
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Distribution at the end of inflation

Quadratic inflation

N m Hend Λ ∼ TQCD Hc =
√
f Hend Hin f

Pre-
inflationary
regime

Diffusion
regime

Frozen
regimeDrift regime

Post-
inflationary
regime

H (N) = Hin

√
1− 2N

(
Hend

Hin

)2
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Distribution at the end of inflation

Beyond slow-roll

N Hend m Λ ∼ TQCD Hc =
√
f Hend Hin f

Pre-
inflationary
regime

Diffusion
regime

Frozen
regimeDrift regime

plateau
inflation

Breakdown of slow-roll :

H(N) ≈ m(N)

Quantum diffusion is negligible when SR breaks down

d2θ

dN2
+ [3− ϵ1(N)]

dθ

dN
+

m2

H2(N)
sin(θ) = 0
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Stochastic axion window

Equilibrium vs corrected

-20 -18 -16 -14 -12 -10 -8 -6 -4 -2 0 2 4 6 8
10
11
12
13
14
15
16
17
18

-20 -18 -16 -14 -12 -10 -8 -6 -4 -2 0 2 4 6 8

log (Hend/1GeV)

10
11
12
13
14
15
16
17
18

≤ -5 -4 -3 -2 -1 0
ln [P (logHend, log f |D)]

Equilibrium approximation

P in
ζ < 1

(Quartic hilltop)

P in
ζ < 1

(Plateau)

lo
g

(f
/1

G
eV

)

Vadim Briaud (LPENS) Stochastic QCD axion window November 6, 2024 12 / 16



Stochastic axion window

NCST = 0 vs NCST = 100
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Stochastic axion window

Marginalized constraints over Hend
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Stochastic axion window

Marginalized constraints over f
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Conclusion

Conclusion

Previous stochastic window

1010.4GeV ≤ f ≤ 1017.2GeV , Hend > 10−2.2GeV

Corrected stochastic window with ubiquitous monomial corrections

1010.3GeV ≤ f ≤ 1014.1GeV , Hend > 10−13.8GeV

Study the influence of a phase of plateau inflation

Independent of the initial distribution if Hin is sufficiently large

Future directions

Radial fluctuations

ALP’s
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