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® Gravitational waves as a new method of probing particle physics

@ Gravitational waves as cosmic witnesses (PT, cosmic strings, etc)

Early matter domination(string moduli); Kination; Intermediate Inflationary stage(supercooling), etc

@ Calculations(simulations) previously done in Minkowski spacetime
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® Do we need a new simulation?

® How will the properties of the PT and GW be modified?
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Source evolutions Plasma(relativistic species), Matter(non-relativistic), . EM
Energy-momentum conservation (hydrodynamic limit) 7



® Equations of motion can be obtained by simply rescaling of Minkowski conterpart
scalar field is a problem
@ For sufficiently small vacuum energy, velocity profile for one bubble unchanged.

® Sound waves(fluctuations of energy, pressure, velocity)
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@® Equations of motion can be obtained by simply rescaling of Minkowski conterpart
scalar field is a problem
@ For sufficiently small vacuum energy, velocity profile for one bubble unchanged.

® Sound waves(fluctuations of energy, pressure, velocity)
; 4
1 |:p 1] p )7 sz(kan) a4(77)ﬂ-@3(k77)

Tio =a[~(p+e)y™'],
Too = 7*(e + pv?).

calculate total velocity field






====== NMinkowski Analytical
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velocity power spectrum
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autocorrelation of the source|
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® Analyzed PT in an expanding universe(non-standard comic histories)
@® Source evolution takes similar form for small vacuum energy

® Generazlied GW formalism in an expanding universe
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