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II. Importance: The rate determines whether a transition occurred at all and whether signals that 

can be detected by GW detectors.

III. Unique and New: Gauge-invariant finite temperature perturbative calculation that explicitly uses 

the covariant gauge for the SU(2) Higgs model and compares it against lattice studies to check the 

reliability of the calculation.

IV. Implications: Our results therefore show that such a gauge-invariant framework should be 

reliably applicable to BSM physics models within a certain area of parameter space..
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2. Acoustic Waves

3. Turbulence

Credit: David Weir arXiv:1705.01783 [hep-ph]
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The energy density of GWs vs. frequency for a variety of detectors and sources.

T ~ 100 GeV

Credit: arXiv: Christopher Moore, 

etc. 1408.0740 [gr-qc] 

http://arxiv.org/abs/1408.0740
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The inverse duration of the phase transition is given by:

The strength of the phase transition is given by:

Credit: Tommi 
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3 [astro-ph.CO]

https://arxiv.org/abs/1809.06923
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BSM models with heavy BSM fields, 
compared to the EW scale. can be mapped 
to the SU(2)-Higgs model.
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Gauge-Invariant Gravitational Wave Constraints

Plot for x = 0.036

Using Tunneling potential approximation 
Espinosa arXiv:1805.03680
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 (LISA SNR curves credit PTPlot arxiv: 1704.058761, 1910.12125
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Gauge-Invariant Gravitational Wave Constraints

The Rhombus of Misery 
● Perturbation theory breaks down for x > 0.11

● For bigger x values NLO result for beta is slightly 
better, but for all x values it undershoots while the 
LO result overshoots compared to Lattice.

● The NLO result for alpha undershoots less than the 
LO result and stays around a factor of 2 less than 
the lattice

Along the dotted & dotted lines are varying x while black line is variation of y.

 (LISA SNR curves credit PTPlot arxiv: 1704.058761, 1910.12125



Thank You For Your Attention!
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High-T expansion using the bosonic 
one-loop function:

Nonzero matsubara modes mass scale    
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The inverse duration of the phase transition is given by:

The strength of the phase transition is given by:

Gauge-Invariant Gravitational Wave Constraints

Along the dotted & dotted lines are varying x while black line is 
variation of y.

.
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Dimensional Reduction:

Thermal loops require daisy resummation of zero-mode masses:

In practice amounts to replacing field-dependent masses with thermal masses.


