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Dynamics of a Late PT

z

zrec ≃ 1100 zPT 0

Bubbles nuclear with a rate 
ΓPT = βHHPT

As they expand, bubbles induce 
time-dependent metric fluctuations                                                           

The gravitational potentials                 
a          source additional matter 
fluctuations 

ISW effect

LSS observables

Φ, Ψ



Features of the Signal
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Significant non-Gaussianities 
are produced

ℓp ≃ 4.3 zPT βH ∼
χPT ΓPT

1 + zPT kp ≃
H0 ℓp

13
∼

ΓPT

1 + zPT

Preliminary

Preliminary

Both ISW and matter 
power peak at a scale 
set by  ΓPT

Negligible degeneracies with cosmological parameters

⟨ΦΦΦ⟩2 ≈ ⟨ΦΦ⟩3 Constraints from bispectrum and fNL



Bounds and Projections
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ΩPT ≡
ΔρPT

ρcr,PT

𝒟PT
ℓ , PPT

m,lin ≃ Ω2
PT β−1

H F(ℓp) BPT
m , fNL ≃ Ω3

PT F(ℓp)

 can be probed at 𝒪(10−7)

Bispectrum breaks residual 
degeneracies of matter and 
CMB power spectrum

Phase transition can be fully characterized and
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Bounds and Projections
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Isocurves of ℓp

Isocurves of maximally 
bound ΩPT

LSS dominant probe at 
small scales



Outlook

Cosmological 
probes of Late PT

Further probes 
• Non-linear PS 
• CMB polarization 
• Lensing 
• … 

PT happening before 
recombination: 

Sachs-Wolfe and 
Doppler

Combination with dark forces 
• Mediator induces PT 
• Both dark forces and PT features 
• PT and                  fluctuations are correlated  ΛCDM



Back-up



CMB vs. Power spectrum
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Bispectrum
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ISW from GWs
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