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Scalar-induced gravitational waves (SIGWs)

GWsDuring Radiation-dominated era

SIGW-DELTA



Ultra-Slow-Roll (USR) model



The setup: SR-USR-SR

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



The setup: SR-USR-SR
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Enhanced Power spectrum
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PBH abundance



SIGW-USR: NanoGrav signal



SIGW-USR: future observations



Summary:

- The stochastic gravitational wave background (SGWB) detected recently by the pulsar 
timing arrays (PTAs) observations may have cosmological origins.

- We generated SIGW in nanoHertz frequency from a three-phase model of inflation: 

Slow-Roll > USR > Slow-Roll

GWs spectrum depends on the sharpness of the transition from the USR phase to the final 
attractor phase (h) as well as to the duration of the USR period (\Delta N).

- While the model can accommodate the current PTAs data but it has non-trivial predictions 
for GWs on higher frequency ranges which can be tested by future observations.

- We are doing MCMC simulation to find the best fit!!!
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Scalar-induced gravitational waves

integration kernel



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



Single (Slow-roll) Inflation
Action:

Slow-roll Eqs.



Perturbations: Turn on Quantum Mechanics

Spatially-flat gauge

- Almost scale-invariant
- nearly Gaussian
- adiabatic 

CMB Pivot Scale


