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WHY EWBG?

@ Is the only testable scenario:
GUT BG,
Affleck-Dine BG, not falsifiable

Leptogenesis,...



Cohen,Kaplan,Nelson
Shaposhnikov,Rubakoy,

HOW Baryogenesis? i,

Sakharov's Conditions

o - Why? Initially B=0 , now B # 0
o B violatiofl, "= 108 SM? Sphalerons —

U (1)B+L anomaly
Topological defects |

@ Out of : T
Equilibrium " Why? Otherwise +B B. |
- In SM? ElectroWeak Phase Transition
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HOW Baryogenesis? i,

Sakharov's Conditions

@ Bviolation  _ 15 sM? Sphalerons v/
M H ~
o Ouf of ond order O
Equilibrium s
- In SM? ElectroWeak Phase Transition

- In BSM? EWPT, Massive Particle

e
variant to,, Small? J

- In SM? OckMm m ~ 1020
- In BSM? extra couplings



HOW Baryogenesis?




EWBG In BSM?

A Swiss-German, a Swiss-French and a
Swiss-Italian were talking about EWBG beyond
the standard model...



Cline,Joyce,Kainulainen,Huet,Nelson,

B o B ? Carena,Quiros,Riotto,Vijlia Wagner
EW G | n SM o Delaunay,Bernal,Blum,Nir,Losada,
Huber,Schmidt,

.. the Swiss-German: Lets study all well motivated
extensions of the SM

- MSSM
- CMSSM
- BMSSM
- NMSSM



Delaunay,Grojean,ServantWells,

o Bodeker,Fromme,Huber,Seniuch,
EW B G | n B SM? Grinstein, Trott

.. the Swiss-Fench: Lets do the most general analysis,
Effective Field Theory!

@ Out of L HLL Hi
Equilibrium  V(H) = Vsu(H) + —5

.y Strong Phase Transition
Tifor. AN 1O W

Enough CP violation for Acp < 0.6TeV



EW B G i n B SM? Espinosa,Gripaios,Konstandin,FR

. the Swiss-Italian: Lets do the LESS general analysis,
the MINIMAL extention of the SM
that gives BG!

—

~%» SM + a real CP-Odd scalar 7) (SM singlet) |

@ B violation - as in the SM (since N is singlet)

a Out of - Scalar potential includes 7], so is less
Equilibrium  constrained

o - 77 has pseudoscalar couplings to quarks



o geo o Anderson,Hall,Profumo,

O U'I' O ‘F E q u| l | b r l u m Ramsey-Musolf,Shaughnessy
Cline,Laporte,Yamashita,Kraml

Ashoorion,Konstandin,

Espinosa,Gripaios,FR

Barrier in Scalar potential at

Contribution of 7) to the strength of the Phase Transition:

@ Loop Effects: 1 < %_C < % ¥~ Boson loops (W,Z, )~ T°

@ Tree-level Effects:
Bigger, since T-independent —> still there at T=0



2 e : Ashoorion,Konstandin
O U1. OF E q u' l' b r' u m Espinosa,Gripaios,Konstandin,FR
V(Hg) = —H® + HE e 4

EW preserving
Minima

EW breaking
Minimum




&GP e
o : 77
@ Coupling to top quarks: yr H (1 + ZGt%KW
—> top mass: my = my(vy,v,)efVn)

o Violates CP, if it varies during the EWPT 9 _
ot

@ NO contribution to CKM phase

This is the extra CP violation needed, only present
during early universe and not now (EDM)



How much must 7/A change to produce
enough baryon asymmeitry?




Barr,Weinberg,Zee

Bounds on p ?

@ Electric Dipole Moments:

. ~ (Zeg) 4 x107*°em < 107 *"em

& \A

(7,h) mixing< 0.5

—> Close to saturation (similar to 2HDM)



Agashe,Contino

Are there models that e o
realize this minimal BG? YES

@ Composite Higgs Model:

LD Nk(Qy H(1+ iek%?)wk € depends on
fermion reps



Conclusions

@ "Minimal” scenario of Baryogenesis:

e — — = —

'SM + real CP-Odd scalar, SM singlet |

® EDM close to bounds (like 2HDM)

@ Naturally realized in Composite Higgs Model
based on SO(6)/S0O(5)



