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Models of very early Universe:
Inflation, bounce ...

Fluctuations today:
CMB, LSS ...

Primordial perturbation

Late Universe: 
galaxies, halos …



Primordial perturbation

• Scalar:
𝒫𝒫𝑠𝑠 𝑘𝑘 ∝ 𝑘𝑘𝑛𝑛𝑠𝑠

In 1970s, Harrison, Zeldovich, Peebles:
𝑛𝑛𝑠𝑠 = 1

(Harrison-Zeldovich spectrum)

• Tensor:
𝑟𝑟 =

𝒫𝒫𝑡𝑡
𝒫𝒫𝑠𝑠
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ΛCDM



Tensions in Cosmology
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Abdalla E et al. JHEAp 34 (2022) 49-211

Hubble tension

Amon A, Efstathiou G. A. arXiv:  2206.11794

𝑆𝑆8 tension

Boylan-Kolchin M. arXiv: 2208.01611

JWST



The impact of EDE
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ΛCDM here

𝛿𝛿𝑛𝑛𝑠𝑠 ≈ (0.3~0.4)
𝛿𝛿𝐻𝐻0
𝐻𝐻0
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Is this a general phenomenon?
Let’s see the origin of this phenomenon!

faster decay of
the Weyl potential

↓
enhancement of
early ISW effect

↓
enhancement of

CMB power spectrum of ℓ ≲ 700
↓

larger 𝜔𝜔𝑐𝑐𝑐𝑐𝑐𝑐 & overall amplitude
↓

rise 𝑛𝑛𝑠𝑠



The impact of EDE on 𝑛𝑛𝑠𝑠
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𝑛𝑛𝑠𝑠 = 1?

Harrison-Zeldovich spectrum?



Comparison bewteen two models

The old model
• ΛCDM
• We have free 𝑛𝑛𝑠𝑠 to choose 

(prior)

The new model
• EDE (so there are additional 

parameters)
• We choose a Harrison-

Zeldovich spectrum
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Statistic I: Bayes ratio
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𝐵𝐵 =
𝒵𝒵𝑛𝑛𝑛𝑛𝑛𝑛
𝒵𝒵𝑜𝑜𝑜𝑜𝑐𝑐

𝑃𝑃 =
ℒ 𝐷𝐷 Θ,ℳ 𝜋𝜋(Θ|ℳ)

𝒵𝒵(ℳ)

• Benefit: penalizes large parameter space

• Drawback: What kind of priors should we use?
Base: Planck + BAO + Pantheon
Base1000: Base(Planck ℓ𝑇𝑇𝑇𝑇,𝑐𝑐𝑚𝑚𝑚𝑚 = 1000) + ACT + SPT-3G



Statistic II: Suspiciousness
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• Benefit: We don't need to worry about the choice of priors.
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single field slow-roll inflation models:

Hybrid inflation:
end by a waterfall instability



New constraint on the 𝑟𝑟 − 𝑛𝑛𝑠𝑠 plane
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Conclusions

Positive relation between 𝑛𝑛𝑠𝑠 and 𝐻𝐻0
Evidence for 𝑛𝑛𝑠𝑠 = 1
Explanation for 𝑛𝑛𝑠𝑠 = 1 with inflation

? Impact of 𝑛𝑛𝑠𝑠 = 1 in late Universe
? Other tensions
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