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Motivations for inflation

Years after the Big Bang
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e Causality problem
* Flatness problem
* Magnetic monopole problem
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Induced phase transition in spectator sectors

* ¢: inflaton field o spectator field
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Induced phase transition in spectator sectors
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Outline

* GWs from first-order phase transitions
during inflation.

* Primary GWs
e Curvature perturbation and
secondary GWs

* GWs from second-order phase
transitions (domain walls) during
inflation.

 Summary and outlook
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GW from instantaneous sources
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GW from instantaneous sources
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After inflation

 h/ (k) is the initial amplitude for the GW oscillation after inflation.
* All the modes start to oscillate with the same phase.

* Example, in RD, the oscillation is sin kt /kT

h' ~ sin[k7']

The end of inflation
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Spectrum of GW from a real source

Co-mczving scale
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Redshifts of the GW signal

Instantaneous
reheating
GW a4 a=? a=? a*
e | 0 4 _
Radiation | a® 3 a a a4
a, Aout a, Aye

Phase transition Out of horizon End of inflation  Reenters horizon



Redshifts of the GW signal

Instantaneous

GW a~* a*
Canceled
Radiation | a® a=*
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Spectrum distortion by inflation

Flat space-time Quasi de Sitter

Model
dependent

Model
dependent

Latent heat
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First-order phase transition during inflation
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Induced phase transition in spectator sectors

Gravitational Primary GW
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Induced curvature perturbation ¢

* We solve the following equations of motion
numericallv with a 1000x1000x1000 lattice
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Power spectrum of ¢

 After the collision of the bubbles, o field oscillates and keeps producing (.
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Secondary GWs

e After inflation ¢ — @,V

e Expand the Einstein equation to second order:
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Scalar induced GWs
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Secondary GWs
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Observation from PTAS
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Observation from PTAs Ao o (3 log s + o loga + 1o )
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Observation from PTAS

* Bayes factor against SMBHB
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* GWs from second-order phase

transitions (domain walls) during 9o
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inflation.
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Formation of domain walls

* We numerically solve the nonlinear
evolution of o field with 1000 X
1000x1000 lattice.

* At the beginning there are
fluctuations, dying out after a few e-
folds.

* The configuration becomes
comovingly static after a few e-folds.




Calculation of GWs

* In Minkowski spacetime, static source -
cannot radiate due to energy- i
momentum conservation. 0.3}
. : L 0.2
* During inflation, energy conservationis . :
badly broken, so the even static source 0.1t
can produce GWs. 0.0
0.1}
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The dominant contribution



Numerical results for GWs
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universe.
* Instantaneous reheating, 10-15|
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stage.

HA, C. Yang, 2304.02361




Summary

* Phase transitions can happen in a spectator
sector during inflation.

* We show that there is an oscillatory feature Bl il
in the GW spectrum if it is produced by first- ]
order phase transition during inflation. / -
* We show that the secondary GW can be 7 T e (o
strong enough to explain the signals o (HZ) —
observed by PTAs I il

Static topological defects can produce GWs
during inflation.
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