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Gravitational Waves from Cosmological Phase Transition

@® A new tool to search for physics beyond the (particle and cosmology) Standard Model
@ Shed light on understanding both Bayon Asymmetry and Dark Matter
® Collider - Gravitational Wave Complementarity
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@ Precision calculation of the gravitational wave spectrum

Lay out the framework for modelling GW production in an expanding universe

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

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

Standard Model of Elementary Particles

three generations of matter interactions / force carriers
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® How will the properties of the PT and GW be modified?

® Do we need a new simulation?

redshifting, dilution
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Hindmarsh, et al, 2015




® Bubble Collisions

® Sound Waves in Plasma > dominant in a thermal plasma

® MagnetoHydrodynamic Turbulence

https://home.mpcdf.mpg.de/~wcm/project37

Hindmarsh, et al,PRL112,041301(2013) homog-mhd/mhd.html






® Realized only several years ago (Hindmarsh, et al,PRL112,041301,2013)
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@® The velocity field is a linear superposition of the contributions from all the bubbles

Hindmarsh, PRL,120,071301,2018, Hindmarsh,Hijazi,JCAP,12,062,2019
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contribution from the red bubble

before collision: velocity profile /
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after collision: sound waves
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® \We have shown velocity profile remains the same form, when appropriate variables

substitution is performed.
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® Equations of motion can be obtained by simply rescaling of Minkowski conterpart

® Sound waves(fluctuations of energy, pressure, velocity)

(a*S%) + v - (a*S*v) + 8;(a’p) =0, [ST =~2(c + p)oi
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conformal time

D
reduces to special relativistic Hydrodynamics when using rescaled quantities
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stochastic field: bubble position, formation time, collision time(final size)
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after averaging, depends only on conformal lifetime distribution of the bubbles
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® Shocks, turbulence, dissipative processes all disrupt the source

® So lifetime is usually less than a Hubble time, meaning a suppression
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® Bubble Nucleation Rate

® False Vacuum Fraction

® Unbroken Wall Area

® Bubble Lifetime Distribution

® Bubble Number Density and Mean Bubble Separation(R*)

® Relation between beta and R*
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® We have set up the framework for modelling the GW from sound waves, in an expanding unvierse
generally no need for new simulations, rescaled quantities need to be used
PT and GW in matter domination

® A suppression factor is found and needs to be included to the generally used spectrum

@® Details of the PT process is analyzed in standard and non-standard cosmic histories
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