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EW Phase Transition Smooth CrossOver
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2nd Order: 
〈h〉 = 0  〈h〉 = h(T) Continuous

κ T2 h2
T ≫ v

EW Symmetry 
Restoration
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((In the SM, W, Z gauge bosons  not sufficient→In the SM, W, Z gauge bosons  not sufficient→ ))

  Loop Effects
Add Particles whose loops reduce vacua energy difference.Add Particles whose loops reduce vacua energy difference.

  Tree-level Effects
Add scalars that modify the tree-level potentialAdd scalars that modify the tree-level potential
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Out of Equilibrium
(Sphaleron Shut-off)

EW Phase Transition
Issues with Gauge DependenceIssues with Gauge Dependence
Patel, Ramsey-Musolf, JHEP 1107 (2011) 029

Garny, Konstandin, JHEP 1207 (2012) 189
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ALL Needed Ingredients for EW BaryogenesisALL Needed Ingredients for EW Baryogenesis ::  Out-of-EquilibriumOut-of-Equilibrium +  + CPVCPV
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BSM ParametersBSM Parameters

EWPOEWPO  ::  

Choice of HChoice of H jj Couplings to Fermions not Relevant for EW Phase Transition Couplings to Fermions not Relevant for EW Phase Transition

Baryogenesis with a Second Higgs

ALL Needed Ingredients for EW BaryogenesisALL Needed Ingredients for EW Baryogenesis ::  Out-of-EquilibriumOut-of-Equilibrium +  + CPVCPV

For Simplicity, let's not consider CPV yet

EW Phase Transition

Type I , Type II ...
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Baryogenesis with a Second Higgs
EW Phase Transition

Thermal + Loop + Tree-level Effects

Harman, Huber, JHEP 1606 (2016) 005

Huang, Kang, Shu, Wu, Yang, Phys.Rev. D91 (2015) 025006
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Baryogenesis with a Second Higgs
EW Phase Transition

Thermal + Loop + Tree-level Effects

Harman, Huber, JHEP 1606 (2016) 005

Huang, Kang, Shu, Wu, Yang, Phys.Rev. D91 (2015) 025006

(Assuming m(Assuming mhh = 125 GeV) = 125 GeV)
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Baryogenesis with a Second Higgs
EW Phase Transition

Let'sLet's  LookLook  (first)(first)  atat  thethe  AlignmentAlignment  Limit:Limit:

--
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Baryogenesis with a Second Higgs
EW Phase Transition

Let'sLet's  LookLook  (first)(first)  atat  thethe  AlignmentAlignment  Limit:Limit:

Combine with (tree-level)Combine with (tree-level)
Vacuum Stability and UnitarityVacuum Stability and Unitarity
Gunion, Haber, Phys.Rev. D67 (2003) 075019

Ginzburg, Ivanov, Phys.Rev. D72 (2005) 115010

Barroso, Ferreira, Ivanov, Santos, JHEP 1306 (2013) 045

--
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Baryogenesis with a Second Higgs
EW Phase Transition

Dorsch, Huber, Mimasu, JMN, arXiv:1609.xxxxx
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Baryogenesis with a Second Higgs
EW Phase Transition

⇒   EW Phase Transition EW Phase Transition Favours 2HDM Alignment orFavours 2HDM Alignment or  

((  >> m m
ZZ
  ))⇒   EW Phase Transition EW Phase Transition FavoursFavours
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AA
00

ZZ

HH
00

or
EW Phase TransitionEW Phase Transition signature signature

Dorsch, Huber, Mimasu, JMN, Phys. Rev. Lett.  113 (2014) 211802

Baryogenesis with a Second Higgs
EW Phase Transition

⇒   EW Phase Transition EW Phase Transition Favours 2HDM Alignment orFavours 2HDM Alignment or  

((  >> m m
ZZ
  ))⇒   EW Phase Transition EW Phase Transition FavoursFavours

Physically AllowedPhysically Allowed  ⊃⊃  EW Phase TransitionEW Phase Transition
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Baryogenesis with a Second Higgs
EW Phase Transition @ LHC

LHC Run II  LHC Run II  

ℒ  = 60 fb= 60 fb-1-1
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Baryogenesis with a Second Higgs
EW Phase Transition @ LHC

                channel Openchannel Open   BR to other decay channels BR to other decay channels 
drastically reduceddrastically reduced

Dorsch, Huber, Mimasu, JMN, Phys. Rev. D93 (2016) 115033
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CMSPASHIG15001CMSPASHIG15001
Phys. Lett. B759 (2016) 369 (ArXiv:1603.02991)
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Meaningful Constraints from LHC Run 1

(Assume (Assume 2HDM2HDM Alignment) Alignment)

Dorsch, Huber, Mimasu, JMN, Phys. Rev. D93 (2016) 115033

Type IType I Type IIType II
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Baryogenesis with a Second Higgs

Out-of-Equilibrium
(EW Phase Transition) ✓✓

CPV: Baryogenesis vs EDMs
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Baryogenesis with a Second Higgs

Out-of-Equilibrium
(EW Phase Transition) ✓✓

CPV: Baryogenesis vs EDMs
But before that... an Equally Important Issue

The Bubble Wall Velocity is Key for Successful Baryogenesis
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Baryogenesis with a Second Higgs

Out-of-Equilibrium
(EW Phase Transition) ✓✓

CPV: Baryogenesis vs EDMs
But before that... an Equally Important Issue

Dorsch, Huber, Konstandin, JMN, arXiv:16xx.xxxxx

Towards a Global Picture of Baryogenesis in the 2HDM
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Before I Conclude... (in 30s)             

Introducing a new 2HDM Public Code  → py2HDMpy2HDM
G. Dorsch, K. Mimasu, (JMN)

We would be very happy to get your feedback!

⇒   The Usual ThingsThe Usual Things::

⇒   +  +  CP Violation (CP Violation (Scalar BRsScalar BRs &  & EDMsEDMs))

(soon to be!)(soon to be!)

Theoretical Constraints: Vacuum Stability, Perturbativity, Unitarity.       EWPO.       Scalar BRs. Theoretical Constraints: Vacuum Stability, Perturbativity, Unitarity.       EWPO.       Scalar BRs. 

+  +  EW Phase TransitionEW Phase Transition

                              Modular & “Pure-Execution” Modes

(since not everyone will be interested 
in computing EDMs or the strength of 
the EW Phase Transition!)

2-loop Running of Quartics
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