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Outline

� Slow-Roll (SR) Inflation
� Ultra-Slow-Roll (USR) Inflation
� Axion Inflation
� Axion-USR model
� Power Spectrum and Non-Gaussianities
� Gravitational Waves



Slow-roll conditions

FLRW metric:Large field model: chaotic inflation

It Inflates enough to solve horizon and flatness problem!!!

Action:

Slow-Roll Inflation: Classical Mechanics



Perturbations: Turn on Quantum mechanics

CMB Pivot Scale

Spatially-flat gauge

- Almost scale-invariant
- nearly Gaussian
- adiabatic 



Ultra-Slow-Roll (USR) model

USR Slow-RollSlow-Roll

Mont Blanc model!



Mont Blanc model!



Ultra-Slow-Roll (USR) model



The setup: SR-USR-SR

USR modes lead to PBHs formation and SIGWs during RD era!



Ozsoy&Tasinato (2301.03600)

Exit Horizon Story



Scalar Potential: SR-USR-SR
Higgs Inflation:
F. L. Bezrukov and M. 
Shaposhnikov, 
Phys. Lett. B 659 (2008)



Enhanced Power spectrum

h = -0.1
h = -2
h = -6
h = -12

PBHs bound

CMB Scale

sharpness (relaxation) parameter:
 how quickly the system reaches to 
its final attractor limit

U
SR

arxiv: 2307.03164



Axion as Inflaton

Axion (inflaton): Chern-Simons interactions

Tachyonic instability is experienced by modes

Tachyonic growth of gauge field



Axion Inflation



Axion-USR Inflation



Axion-USR Inflation



Axion-USR Inflation

Equilateral shape



Scalar-induced gravitational waves (SIGWs)

GWsDuring Radiation-dominated era

SIGW-DELTA



Scalar-Tensor Induced GWs
R. Picard & K. A. Malik, JCAP 10 (2024) 010



Scalar-Tensor Induced GWs
R. Picard & K. A. Malik, JCAP 10 (2024) 010



During Inflation era
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GWs During Radiation-dominated era

Scalar-Vector-Tensor Induced GWs



To summarize:

- no one knows everything, and you don’t have to.
- go for the messes — that’s where the action is.
- forgive yourself for wasting time.
- learn something about the history of science.

one-page article by Steven Weinberg in Nature 
about his advice for young researchers, written in 2003.



Thank You for Your Attention!

https://dictionary.goo.ne.jp/word/en/Thank+you+for+your+attention./


BackUp slides



Scalar-induced gravitational waves

integration kernel



SIGW-USR: NanoGrav signal



SIGW-USR: future observations



Gravitational Waves
Double Pseudo-Scalars (model 

I)



Primordial Black Holes
� Black holes formed in the early Universe 

(soon after the Big Bang through a non-stellar way)
❖ Gravitational collapse of the overdense region of inhomogeneities During the radiation dominated era



PBH abundance


