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1 Inflation and CMB

homogeneity, isotropy and special flatness

𝑎~𝑒𝐻𝑡 Cosmic Microwave Background
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1 Inflation and CMB

Inflation models: a long list

Even more……‘‘Encyclopædia Inflationaris’’ Phys.Dark Univ. 5-6 (2014) 75-235
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1 Inflation and CMB

Future observation

• South Pole Observatory

• Simmons Observatory

• JAXA’s LiteBIRD

• CMB-S4

• EUCLID

• Square Kilometre Array (SKA)

• …

𝛿𝑟~3 × 10−3

𝛿𝑟~10−3 for 𝑟 = 0

𝛿𝑛𝑠~0.00085
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1 Inflation and CMB

The primordial spectrum

• scalar perturbations

• tensor perturbations

• tensor-to-scalar ratio

𝑘∗ = 0.05/Mpc is the standard pivot scale of 

e.g. the Planck and BICEP collaborations
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1 Inflation and CMB

Fiducial model: Starobinsky’s 𝑅2

PTEP 2023 (2023) 4, 042F01
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1 Inflation and CMB

Fiducial model: 𝑟 = 0

PTEP 2023 (2023) 4, 042F01
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Fiducial model: 𝑟 = 0.01

arxiv: 1610.02743
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1 Inflation and CMB

arxiv: 2008.12619
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1 Inflation and CMB

The relations between SRP and observables

where the slow-roll parameters for a given (single 
field) inflation model, i.e., the effective potential 𝑉 𝜑 , 
are

 𝜖 =
𝑀𝑝𝑙
2
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𝜕𝜑𝑉
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and

𝜂 = 𝑀𝑝𝑙
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The expansion history of universe 

• duration of the reheating epoch 

• average equation of state during reheating

where 𝑁𝑘 = ln
𝑎end

𝑎𝑘
is the e-folding number between horizon 

crossing of the 𝑘 mode and the end of inflation,  𝜖 = 1.
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The expansion history of universe 

• The end of reheating Γ = 𝐻

• The Friedmann equation 𝐻2 =
𝜌

3𝑀𝑝𝑙
2

• The redshift from 𝑎end
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The expansion history of universe 

• The effective reheating temperature
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• 𝑣𝑖 : the coefficients of operators containing Φ alone

• 𝑔𝑖 : the inflaton couplings between Φ and other fields

• 𝑎𝑖 : all parameters other than 𝑣𝑖 ∪ 𝑔𝑖

e.g. Γ =
𝑔2𝑚𝜙

#
for reheating through elementary particle decays

Three sets of microphysical parameters
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However, feedback effects on the reheating process introduce a 
dependence of Γ on 𝑎𝑖 :

• resonant particle production during preheating phase

• thermal feedback during perturbative reheating

Feedback effects
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Conditions to constrain 𝑔𝑖 model-independently

𝑛𝑠, 𝑟, 𝐴𝑠 𝑀,𝛼, 𝑔
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Prior, likelihood and posterior

Yanagisawa, Hideyoshi & Kawamata, Oto & Ueda, 

Kazutaka. (2019). 10.3389/fncom.2019.00002. 
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Prior, likelihood and posterior

• What we know prior to any measurements

𝑁re > 0 and   𝑇re > 𝑇BBN
• Current and future observations

two-dimensional Gaussian

• Our predications

estimations for log10 𝑔 and log10 𝑇re /GeV
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• The prior probability density function (PDF)

• The likelihood function

• The posterior

Prior, likelihood and posterior
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Likelihood

ഥ𝒏𝒔 𝝈𝒏𝒔 ത𝒓 𝝈𝒓

Planck+BK18 0.967 0.005 0.01 0.018

CMB-S4/LiteBIRD 0.967 0.002 0.02 0.0012

CMB-S4+EUCLID 0.967 0.00085 0.02 0.0012

P. A. R. Ade et al. (BICEP, Keck), Phys. Rev. Lett. 127, 151301 (2021), arXiv:2110.00483[astro-ph.CO].

E. Allys et al. (LiteBIRD), (2022), arXiv:2202.02773[astro-ph.IM].

R. Laureijs et al. (EUCLID), (2011), arXiv:1110.3193[astro-ph.CO].
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Two inflation models

The radion gauge inflation (RGI) and α-attractor T-models (α-T)

the normalization M can be expressed in 

terms of other parameters:
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Predications 

arxiv: 2208.07609



5 Application to specific models

29

Prior and posteriors 

arxiv: 2208.07609
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Constraints on log10 𝑔 and log10 𝑇re /GeV

RGI model 𝜶-T model

log10 𝑔 log10 𝑇re/GeV log10 𝑔 log10 𝑇re /GeV

flat prior −8.2 ± 5.0 6.8 ± 5.0 −8.1 ± 5.0 6.7 ± 5.0

Planck+BK18 −7.2 ± 4.7 7.7 ± 4.6 −5.5 ± 4.2 9.3 ± 4.2

CMB-S4/LiteBIRD −6.5 ± 2.2 8.4 ± 2.1 −1.7 ± 1.5 13.1 ± 1.4

CMB-S4+EUCLID −6.6 ± 1.4 8.3 ± 1.4 −1.4 ± 1.1 13.5 ± 1.1

arxiv: 2208.07609
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Analytic and MCMC 

arxiv: 2303.13503

(Monte Carlo Markov Chain)
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Analytic and MCMC 

arxiv: 2303.13503

(Monte Carlo Markov Chain)
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• What we introduced: 

(1) a simple analytic method to quantify the information 
gain on the inflaton coupling 𝑔 and the reheating temperature 
𝑇re from observational constraints on 𝑛𝑠 and 𝑟

(2) Monte Carlo Markov Chain based forecasts

• What will be considered:

non-Gaussianities or the running of 𝑛𝑠



Thank you !
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