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A closer look to vacuum fluctuations
h′ ′ k + 2ℋh′ k + k2hk = 0
Homogeneous differential equation

hk(τ) = Ak −kτH(1)
ν (−kτ) + Bk −kτH(2)

ν (−kτ)
General solution
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Danielsson: arxiv 0203198 
Broy: arxiv1609.03570

For recent developments see: Kanno, Sasaki arxiv 2206.03667 



Induced degeneracy by a stochastic source

Cielo, Mangano, Pisanti. arXiv:2209.xxxx 

h′ ′ k + 2ℋh′ k + k2hk = 16πG Πk τ ≤ τ̄(k)
h′ ′ k + 2ℋh′ k + k2hk = 0 τ > τ̄(k)

Π̂r
k(τ) = Πk(τ) ̂ar

k + Π*k (τ) ̂ar†
−k

⟨Πk(τ)⟩ = 0
⟨Πk(τ)Π*k (τ′ )⟩ = *δ(τ − τ′ )F(k)Source

Ak = eikτ̄[h̃(τ̄)(−1 + ikτ̄ + k2τ̄2) − h̃′ k(τ̄)(τ̄ − ikτ̄2)]
2k3/2τ̄2

Bk = e−ikτ̄[h̃(τ̄)(−1 − ikτ̄ + k2τ̄2) − h̃′ k(τ̄)(τ̄ + ikτ̄2)]
2k3/2τ̄2

,

h̃k(τ̄−) = hk(τ̄+)
h̃′ k(τ̄−) = h′ k(τ̄+)

τ̄(k) = − Λ
kH

Matching

Our set-up



Phenomenological model for F(k)
Power-law: 

Black Hole gas model:

F(k) = ( k
k0

)
β

F(k) = ∫
∞

0
ξ(M)dM e− kphys

TH

M-B distribution for Hawing radiation

ξ(M)dM = e−M/Λ

Λ dM



Power Spectra

β = 0.01
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Non-Gaussianities

Cielo, Fasiello. Work in progress…
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Thank you!


