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Gravitational Wave (GW) Cosmology

GW from Cosmological sources

Phase transition (PT), inflation, pre-heating, ...
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GW from first order phase transition

Most of the discussions so far have been focusing
on GW’s production/ frequency spectrum from PT
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review and ref in 1512.06239



Gravitational Wave Background (GWB)

Similar to the CMB spectrum, but with
photon -> GW from PT
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where does the hot / cold spot come from?




radius: red-shift of
the CMB photon

uniform temperature
surface at T_last scattering

redshift perturbation
is of order ~ 10/-5




uniform temperature
surface at T_last scattering

With primordial temperature perturbation
=> anisotropic redshift for last scattering photon




uniform temperature
surface at T_phase transition
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With a single reheating process
=> GW perturbation is totally correlated to CMB
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With only gravitational interaction
=> GW is mostly sensitive to the primordial perturbation




[so-curvature perturbation

If in addition to the inRaton, thereOs araxion-like particle
[Suctuating during inf3ation
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GW perturbation comes from different reheating process
=> GWB can be ““uncorrelated” with CMB




GW provides a probe of the
unknown thermal history

High scale inflation, ?
B-mode ( BBN, LSS, CMB, BAO, ...
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GW provides a probe of the
unknown thermal history

High scale inflation,
B-mode

GWB from PT

{

BBN, LS55, CMB, BAO, ...
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Existence of cosmological PT?

[s there only one source of the density perturbation?

[s there only one reheating process?



Can we see the GW anisotropy?



GW from first order PT

¥ The collisions of the bubbles generate gravity
waves (need quadruple mass for GW)

In the sky today:
> 10°° bubbles

from TeV scale PT

(€) R =2.50 d) tR, =7.8

Cutting, Hindmarsh, Weir (2018)



Energy density of GW from PT
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GW detectors

Similar ideas, more futuristic

BBO, DECIGO, ALIA



Angular measurement
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¥ Method: variation of strains in time for each polarization mode with
different detector location/Doppler shift

¥ LISA may get to ~ 0.01 steradians ( 'max = O(10)), more detectors
(BBO/DECIGO) can do better [Cutler(1997), Giampieri et al (1997)]



Astrophysical foreground
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Energy density of GW from PT
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there’s a chance to see
the anisotropy in LISA!
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Non-minimal Story




e.g., a curvaton model
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Conclusion and outlook
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Conclusion and outlook

pre-heating: Bethke et al (2014)

? cosmic string: Jenkins et al (2018)
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Backup Slides



|_max from some examples
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