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Electroweak Phase Transitions (EWPT): 
Motivation 

[Laine, 2000]

• Spontaneous EW symmetry 
breaking — explains masses of 
elementary particles 

If EWPT 1st order: 
• Mechanism to satisfy Sakharov’s 

conditions for generation of the 
matter-antimatter asymmetry 

• Natural in many BSM scenarios 
• Perfect candidate for gravitational 

wave detection in close future 
experiments (LISA, etc)



Electroweak Phase Transitions: 
Calculation pipeline
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L4D
<latexit sha1_base64="9VFxNVG56ns/28K8Sw6bVFsE/bQ="></latexit>

(Tn,ω, vwall,!GW, . . . )
EWPT observables
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L4D
<latexit sha1_base64="9VFxNVG56ns/28K8Sw6bVFsE/bQ="></latexit>

(Tn,ω, vwall,!GW, . . . )
EWPT observables

• Requires adhoc thermal 
resummations 
i.e. separation of 
thermal scales are not 
taken into account

{
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L3D-EFT
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(Tn,ω, vwall,!GW, . . . )
EWPT observables

• Construction of EFT 
i.e. systematic 
accounting of separation 
of scales 
 

{
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T → mh
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L3D-EFT

<latexit sha1_base64="9VFxNVG56ns/28K8Sw6bVFsE/bQ="></latexit>

(Tn,ω, vwall,!GW, . . . )
EWPT observables

• Perturbative methods 
 
RGEs needed for 
precision calculations, 
i.e. resumming 
logarithms in EFT

• Lattice simulations 
 
RGEs are crucial in 
simulations  
i.e. establishing relations 
between lattice and 
continuum

{



Effective Lagrangian

BSM
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! ↭ T

SMEFT

BSM
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g̃,!
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BSM
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g̃,!

<latexit sha1_base64="Zu3ZwvbsKddnyjhjEpP09MAzwNQ="></latexit>

L =
1

4
W I

rsW
I
rs + (Drω)

†(Drω) +m2
3|ω|2 + ε3|ω|4 + cω6 |ω|6

<latexit sha1_base64="USeBHBIsdQkf+ser6FBmuT+zlw0="></latexit>

+c(1)ω4D2 |ω|2↭|ω|2 + c(2)ω4D2(ω
†Drω)

†ω†Drω+r(3)ω4D2 |ω|2(Drω)
†Drω

<latexit sha1_base64="xYucEFMm/hPGmFqCeZiPz2OfWq0=">AAACJ3icbVDLSgMxFM34rPU16tJNsAiCUGaK1K6k6EZ3FewD2umQSTNtaOZBkhHKdP7Gjb/iRlARXfonZtopauuBcE/OuZfkHidkVEjD+NSWlldW19ZzG/nNre2dXX1vvyGCiGNSxwELeMtBgjDqk7qkkpFWyAnyHEaazvAq9Zv3hAsa+HdyFBLLQ32fuhQjqSRbvziF2I474YB2K8k4reNuBf6IJdjslmZGermxYy6SWbX1glE0JoCLxMxIAWSo2fpLpxfgyCO+xAwJ0TaNUFox4pJiRpJ8JxIkRHiI+qStqI88Iqx4smcCj5XSg27A1fElnKi/J2LkCTHyHNXpITkQ814q/ue1I+lWrJj6YSSJj6cPuRGDMoBpaLBHOcGSjRRBmFP1V4gHiCMsVbR5FYI5v/IiaZSKZrlYvj0rVC+zOHLgEByBE2CCc1AF16AG6gCDB/AEXsGb9qg9a+/ax7R1SctmDsAfaF/fLrKllw==</latexit>

+cω8 |ω|8 + cω2W 2 |ω|2W I
rsW

I
rs

<latexit sha1_base64="iAynRTzrb39srA3KLDNWu2jst+E=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIsgCGVGpLosunFZwT6gHUomzbShmcyQ3BHK0I9w40IRt36PO//GtJ2Fth4IHM65h9x7gkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv57SeujYjVI04S7kd0qEQoGEUrtS9IbxCj6ZcrbtWdg6wSLycVyNHol79sjqURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nl93Ss6sMiBhrO1TSObq70RGI2MmUWAnI4ojs+zNxP+8borhjZ8JlaTIFVt8FKaSYExmt5OB0JyhnFhCmRZ2V8JGVFOGtqGSLcFbPnmVtC6rXq1ae7iq1G/zOopwAqdwDh5cQx3uoQFNYDCGZ3iFNydxXpx352MxWnDyzDH8gfP5A7Ixjyw=</latexit>

+ . . .

3D-EFT

See talk of  
M.C. Fiore 



RGE calculation
• We calculate the leading two-loop contributions to the UV 

divergences in dimensional regularization of the effective 
parameters  
(with up to one insertion of the dimension-four operators)

  

Diagrams for the octic two-loop divergences 



Beta functions
• UV-divergences are then used to calculate RGE running 

according to beta functions

… (find others in the paper) …



Scaling relations 
for strong first order phase transition

• Requiring the PT to be strong 1st order implies 
<latexit sha1_base64="rfuEacdhhzwJLLixG0oynnUx94M=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI9FLx4r9AvapWTTbBuaZJckWyhLf4QXD4p49fd489+YtnvQ6oOBx3szzMwLE8GN9bwvVNjY3NreKe6W9vYPDo/KxydtE6eashaNRay7ITFMcMVallvBuolmRIaCdcLJ/cLvTJk2PFZNO0tYIMlI8YhTYp3UmfYNl7g5KFe8qrcE/kv8nFQgR2NQ/uwPY5pKpiwVxJie7yU2yIi2nAo2L/VTwxJCJ2TEeo4qIpkJsuW5c3zhlCGOYu1KWbxUf05kRBozk6HrlMSOzbq3EP/zeqmNboOMqyS1TNHVoigV2MZ48Tsecs2oFTNHCNXc3YrpmGhCrUuo5ELw11/+S9pXVb9WrT1eV+p3eRxFOINzuAQfbqAOD9CAFlCYwBO8wCtK0DN6Q++r1gLKZ07hF9DHN/rqj1o=</latexit>

v → T

• This implies the relative sizes of the effective couplings

<latexit sha1_base64="HAMuxPgaLUZisAmJj1s6ho5YS98=">AAACJXicbVDLSgMxFM34rPU16tJNsCguSplppbpwUXTjskJf0HmQSdM2NJkZkoxQhv6MG3/FjQuLCK78FdMHRVsPBA7n3MPNPUHMqFSW9WWsrW9sbm1ndrK7e/sHh+bRcUNGicCkjiMWiVaAJGE0JHVFFSOtWBDEA0aaweB+4jefiJA0CmtqGBOXo15IuxQjpSXfvOV+ySteOJJy2POKNa+Yhw7T+Q7yS3Ah5yH2UyfuU688WqjQN3NWwZoCrhJ7TnJgjqpvjp1OhBNOQoUZkrJtW7FyUyQUxYyMsk4iSYzwAPVIW9MQcSLddHrlCJ5rpQO7kdAvVHCq/k6kiEs55IGe5Ej15bI3Ef/z2onq3rgpDeNEkRDPFnUTBlUEJ5XBDhUEKzbUBGFB9V8h7iOBsNLFZnUJ9vLJq6RRLNjlQvnxKle5m9eRAafgDFwCG1yDCngAVVAHGDyDV/AOxsaL8WZ8GJ+z0TVjnjkBf2B8/wDCdaJh</latexit>

m2
3 → g2T 2,ω3 → g2T, cω6 → g2



Scaling relations 
for strong first order phase transition

• Requiring the PT to be strong 1st order implies 
<latexit sha1_base64="rfuEacdhhzwJLLixG0oynnUx94M=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI9FLx4r9AvapWTTbBuaZJckWyhLf4QXD4p49fd489+YtnvQ6oOBx3szzMwLE8GN9bwvVNjY3NreKe6W9vYPDo/KxydtE6eashaNRay7ITFMcMVallvBuolmRIaCdcLJ/cLvTJk2PFZNO0tYIMlI8YhTYp3UmfYNl7g5KFe8qrcE/kv8nFQgR2NQ/uwPY5pKpiwVxJie7yU2yIi2nAo2L/VTwxJCJ2TEeo4qIpkJsuW5c3zhlCGOYu1KWbxUf05kRBozk6HrlMSOzbq3EP/zeqmNboOMqyS1TNHVoigV2MZ48Tsecs2oFTNHCNXc3YrpmGhCrUuo5ELw11/+S9pXVb9WrT1eV+p3eRxFOINzuAQfbqAOD9CAFlCYwBO8wCtK0DN6Q++r1gLKZ07hF9DHN/rqj1o=</latexit>

v → T

Parametrically of same size 
as the LO        -running

<latexit sha1_base64="fYTzI+g5q5dGJbWfdphPKhwcIUo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KrtVqseiF48V7Ae0a8mm2TY2myxJVihL/4MXD4p49f9489+YbfegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0jJRhDaJ5FJ1AqwpZ4I2DTOcdmJFcRRw2g7GN5nffqJKMynuzSSmfoSHgoWMYGOlVtQ/f6gW+6WyW3FnQMvEy0kZcjT6pa/eQJIkosIQjrXuem5s/BQrwwin02Iv0TTGZIyHtGupwBHVfjq7dopOrTJAoVS2hEEz9fdEiiOtJ1FgOyNsRnrRy8T/vG5iwis/ZSJODBVkvihMODISZa+jAVOUGD6xBBPF7K2IjLDCxNiAshC8xZeXSata8WqV2t1FuX6dx1GAYziBM/DgEupwCw1oAoFHeIZXeHOk8+K8Ox/z1hUnnzmCP3A+fwBdqI5a</latexit>

m2
3



Correction to the         running 
<latexit sha1_base64="fYTzI+g5q5dGJbWfdphPKhwcIUo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KrtVqseiF48V7Ae0a8mm2TY2myxJVihL/4MXD4p49f9489+YbfegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0jJRhDaJ5FJ1AqwpZ4I2DTOcdmJFcRRw2g7GN5nffqJKMynuzSSmfoSHgoWMYGOlVtQ/f6gW+6WyW3FnQMvEy0kZcjT6pa/eQJIkosIQjrXuem5s/BQrwwin02Iv0TTGZIyHtGupwBHVfjq7dopOrTJAoVS2hEEz9fdEiiOtJ1FgOyNsRnrRy8T/vG5iwis/ZSJODBVkvihMODISZa+jAVOUGD6xBBPF7K2IjLDCxNiAshC8xZeXSata8WqV2t1FuX6dx1GAYziBM/DgEupwCw1oAoFHeIZXeHOk8+K8Ox/z1hUnnzmCP3A+fwBdqI5a</latexit>

m2
3

Two local minimas 
are of the same depth (i.e.               ) 

<latexit sha1_base64="hY5N1fR6opkjJuE3GKB2p00w6ok=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjhdYW2lA22027dLMJuxOhhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8ePZo41Yy3WCxj3Qmo4VIo3kKBkncSzWkUSN4Oxnczv/3EtRGxauIk4X5Eh0qEglG0UrtJbkizz/rlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/Nz52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjtZ0IlKXLFFovCVBKMyex3MhCaM5QTSyjTwt5K2IhqytAmVLIheMsvr5LHi6pXq9YeLiv12zyOIpzAKZyDB1dQh3toQAsYjOEZXuHNSZwX5935WLQWnHzmGP7A+fwB+J2Osg==</latexit>

T = Tc



Change in the scalar potential    



Shift in the vev value



Shift in the potential value at the 
minimum



• EWPT description requires exploitation of separation of 
thermal scales: EFT techniques 

• Precision perturbative calculation require inclusion of 
RGE running of the effective operators 

• Running of higher-dimensional operators (beyond 
superrenormalizable ones) can be parametrically of the 
same order as the leading mass parameter running 

• Lattice simulations — ultimate tool for study of the EWPT
— require the knowledge of RGEs of the effective 
operators

Take-home messages
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