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See also Haipeng, Kepan, Zhenmin, Fapeng, Yun and Renhui’s talks



f3 (causality)
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Horizon size: 1/H* ~100-1000 Cai, Pi, Sasak, PRD [1909.13728]

nHz (~100MeV)  QCD scale ~mHz : (~100GeV) weak scale ~100Hz (~PeV - EeV) high scale

E-l:u'.i;stat-ltm@,p;kﬂ.1 -t ; _. . : LIGO iy

Mid-station @ 2 km %,

3k

PPTA $INPTA

¥
* Indian Pulsar Timing Aray

ligo.caltech.edu

o [ Bk o 2 B R 31 (CPTA) Taiji CEEBIEEM) - LISA, Taij, Tiangin

See also Haipeng, Kepan, Zhenmin, Fapeng, Yun and Renhui’s talks



The current understanding:
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energy near the wall
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turbulent fluid + magnetic field

home.mpcdf.mpg.de

Bubble Collisions Sound Waves Magnetohydrodynamic Turbulence



Energy density Spectrum

dpaw
QGW(f) = w5
bubble collision pedlog f
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sound waves
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- Standard Model of Elementary Particles
Indirect
e three generations of matter interactions / force carriers
Limits (fermions) (bosons)
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Phase Transition
LIGO, LISA/Taiji/Tianqgin, PTA, ... Gravitational Wave Spectrum Parameters Particle Physics Model
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Problem: parameter degeneracy 8



Y I See also Kepan'’s talk
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GW depends on (large) bulk velocity of the system
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/Dissipative effects dissipate away the bulk kinetic energy (leaves imprint)\
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T Navier—Stokes equations (Newtonian fluid mechanics) g o cloiceliieEi N
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GW calculation requires: relativistic (magneto-)hydrodynamics
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Analytical Modelling Numerical Simulation
® Rafine the sound shell modal ® Suppression found for strong transitions with small vw
& Syriorgy with simulations ® Need to cover more parameter space (very strong PT)
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All'based on perfect fluid approximation
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® \elocity power spectrum and stress tensor correlator are generally non-stationary
(unequal time correlator depends not just on time difference)

® Damping at large frequencies (small scales)

All plots assuming constant effective damping length for illustration (leads to stationary spectrum)
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® \/iscosity can be strong for phase transitions in the dark sector

® Can also be stronger when BSM physics are included

® (alculable from semi-classical kinetic theory or Green-Kubo relations

Analogy: Silk damping of CMB Anisotropy
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® Microscopic origin (classifications of BSM)
® Dynamics and spectra calculation (simulation and modelling)

® Experimental detection (LIGO, LISA/Taliji/Tiangin, PTA)
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> Dissipative effects can serve as new obervables
» New portals to probe microscopic particle (very weak) interactions

» Experimental searches of new spectrum are desired






