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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

BSM



3

•  Do we need a new simulation?

•  How will the properties of the PT and GW be modified?

redshifting, dilutionPT
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•Bubble Collisions

•Sound Waves in Plasma

•MagnetoHydrodynamic Turbulence (see Kakhniashvili’s talk)

dominant in plasma

Hindmarsh, et al,PRL112,041301(2013), PRD92,123009(2015)
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Tensor Mode 

GW Spectrum 

Einstein equation

Source evolutions Plasma(relativistic species), Matter(non-relativistic), Scalar field, EM
Energy-momentum conservation (hydrodynamic limit)
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Tensor Mode 

GW Spectrum 

Einstein equation

Source evolutions Plasma(relativistic species), Matter(non-relativistic), Scalar field, EM
Energy-momentum conservation (hydrodynamic limit)

neglect backreaction
solve with Green’s function
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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)

conformal time

scalar field and EM neglected

special relativistic Hydrodynamics
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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)

calculate total velocity field
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• The velocity filed is the linear superposition of those surrounding all bubbles

• Can be carried out in expanding universe context, but need change of variables

• Need statistical properties of bubbles for power spectrum

Hindmarsh, 120, 071301 (2018)
Hindmarsh, Hijazi, JCAP 12 (2019) 062

conformal time
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• The velocity filed is the linear superposition of those surrounding all bubbles

• Can be carried out in expanding universe context, but need change of variables

• Need statistical properties of bubbles for power spectrum

lifetime distribution
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• The velocity filed is the linear superposition of those surrounding all bubbles

• Can be carried out in expanding universe context, but need change of variables

• Need statistical properties of bubbles for power spectrum

velocity power spectrum
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• The velocity filed is the linear superposition of those surrounding all bubbles

• Can be carried out in expanding universe context, but need change of variables

• Need statistical properties of bubbles for power spectrum

autocorrelation of the source
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rescaled source correlator

correct scaling for deep-inside-horizon modes

More details on numericals: see Daniel Vagie’s talk.

source dilution
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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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