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Sakharov’s conditions for BAU creation



Yikun Wang, Caltech, Higgs 2023

Why (strongly first order) electroweak phase transition?

 

CMB

Big Bang Nucleosynthesis

10,000,000,001

10,000,000,000

<latexit sha1_base64="O5O1WcU2PDgB8Qd5zpOqSpM4Luw="></latexit>

⌘ = nB
n�

= (6.11± 0.19)⇥ 10�10

Baryon Asymmetry of the Universe (BAU)

3

• Baryon number violation 


• C and CP violation


• Out-of-equilibrium

Sakharov’s conditions for BAU creation

The Standard Model



Yikun Wang, Caltech, Higgs 2023

Why (strongly first order) electroweak phase transition?

 

CMB

Big Bang Nucleosynthesis

10,000,000,001

10,000,000,000

<latexit sha1_base64="O5O1WcU2PDgB8Qd5zpOqSpM4Luw="></latexit>

⌘ = nB
n�

= (6.11± 0.19)⇥ 10�10

Baryon Asymmetry of the Universe (BAU)

3

• Baryon number violation 


• C and CP violation


• Out-of-equilibrium

Sakharov’s conditions for BAU creation

The Standard Model



Yikun Wang, Caltech, Higgs 2023

Why (strongly first order) electroweak phase transition?

 

CMB

Big Bang Nucleosynthesis

10,000,000,001

10,000,000,000

<latexit sha1_base64="O5O1WcU2PDgB8Qd5zpOqSpM4Luw="></latexit>

⌘ = nB
n�

= (6.11± 0.19)⇥ 10�10

Baryon Asymmetry of the Universe (BAU)

3

• Baryon number violation 


• C and CP violation


• Out-of-equilibrium

Sakharov’s conditions for BAU creation

The Standard Model



Yikun Wang, Caltech, Higgs 2023

Why (strongly first order) electroweak phase transition?

 

CMB

Big Bang Nucleosynthesis

10,000,000,001

10,000,000,000

<latexit sha1_base64="O5O1WcU2PDgB8Qd5zpOqSpM4Luw="></latexit>

⌘ = nB
n�

= (6.11± 0.19)⇥ 10�10

Baryon Asymmetry of the Universe (BAU)

3

• Baryon number violation 


• C and CP violation


• Out-of-equilibrium

Sakharov’s conditions for BAU creation

The Standard Model



Yikun Wang, Caltech, Higgs 2023

Why (strongly first order) electroweak phase transition?

 

CMB

Big Bang Nucleosynthesis

10,000,000,001

10,000,000,000

<latexit sha1_base64="O5O1WcU2PDgB8Qd5zpOqSpM4Luw="></latexit>

⌘ = nB
n�

= (6.11± 0.19)⇥ 10�10

Baryon Asymmetry of the Universe (BAU)

3

• Baryon number violation 


• C and CP violation


• Out-of-equilibrium

Sakharov’s conditions for BAU creation

The Standard Model The Standard Model (SM) could not explain the generation of BAU.
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Strong First Order Electroweak Phase Transition (SFOEWPT)

In the SM, the electroweak symmetry broke through a 
cross over at finite T :′￼ vc/Tc = 0′￼.[Kajantie et al ’95] 

The order parameter
➡ Provide out-of-thermal equilibrium 

➡ Suppress baryon asymmetry washing out  (sphalerons)
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‣ One of the most generic extensions that can enhance the EWPT 

‣ An important benchmark as the most elusive extension

The singlet extension of the SM

10

[Ramsey-Musolf et al 09’]

[Espinosa et al, 11’]

[Meade et al, 14’]
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[Huang et al, 14’]
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EWPT with spontaneous Z2-breaking 
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B
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Observation window: Higgs exotic decay
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Observation window: Higgs exotic decay
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Probing the EWPT with exotic Higgs decays
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A new probe to SFOEWPT: the gravitational wave signals

GW

h2⌦GW ' h2⌦� + h2⌦sw + h2⌦MHD

A first order phase transition proceeds through 
bubble nucleation. The expanding bubbles 
collide and produce stochastic gravitational 
waves (GW).

• Bubble collisions

• Sound waves 

• Turbulent MHD

Parameters affecting the power spectrum:
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Power spectrum of GWs from a SFOEWPT
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For example, the power spectrum from bubble collisions can be treated by the 
‘envelope approximation’
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‣ A SFOEWPT is a necessary condition for baryogenesis, that can explain the 
observed baryon asymmetry;


‣ This finite temperature phenomenology inevitably has an impact on the Higgs 
potential that we can probe today. The concrete observational channels depend on 
the model and extension; 


‣ A light scalar is observed to be responsible for a SFOEWPT, that can be searched for 
with Higgs exotic decays;


‣ Electroweak symmetry non-restoration is a novel signature to explore for 
baryogenesis. With a concrete example, it is shown that Higgs invisible decay is a 
powerful channel to test such a scenario.
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Supplementary - mean field analysis
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