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Advantages of Electroweak Baryogenesis (EWBG)

e BSM is required

» Fix small CP violation
* Fix weak phase transition

« Best testability with TeV era lab experiments

Assuming EWBG gives the observed B-asymmetry, what are the
generic features of the BSMs that are readily consistent?




Deconstruction of EWBG:

1) High T (B+L)-viol; 2) bubbles nucleate; 3) bubble coupling to CPV;
4) efficient diffusion; 5) CP charge - quarks + leptons;
6) B-violating sphaleron suppression in broken phase
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1) High T (B+L)-viol; 2) bubbles nucleate; 3) bubble coupling to CPV;
4) efficient diffusion; 5) CP charge - quarks + leptons;
6) B-violating sphaleron suppression in broken phase
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1) High T (B+L)-viol; 2) bubbles nucleate; 3) bubble coupling to CPV;
4) efficient diffusion; 5) CP charge - quarks + leptons;
6) B-violating sphaleron suppression in broken phase

Example: w("’m)) in MSSM
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’ ?1
Achieving the right bump for W (L(T 3')

* less restrictions/ more scalars: e.g.

Non-SUSY: more general 2 Higgs doublets satisfying MFV
[e.g. Cline et al 11]

SUSY/non-SUSY singlets [e.g. Anderson & Hall 92; Pietroni 93; ...;
Profumo et al 07; DC & Long 10]

More scalars > FCNC; EW precision constraints
(null = worrisome for EWBG with extra scalars)

« nonminmal interactions of SM Higgs: e.g.
Nonrenormalizable ops
[e.g. Zhang 93; Grojean, Servant, Wells 04;...; Blum, Nir 08]

L) ?1:
Can one more systematically classify BSM'’s giving favorable W (L(T j) ?
i



A Prediction From “Generic” w(*’f’fv?)

P

[See Andrew Long'’s talk and 1209.1819 for more info particularly regarding{tuning.

Thermal Effective Potential Models Mass Scale Preference

Class I: Thermally (BEC) Driven
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Class |IB: Tree-level, non-renorm op driven
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New scalars at E\WW mass scale



. (v(T)
Conclusion from W‘( LT ) :
)

BSM has extra states of order EW mass scale coupled
appreciably to the Higgs.

Some kind of tuning mechanism seem probable
In this sector (e.g. EDSP — see Andrew Long’s talk).







1) High T (B+L)-viol; 2) bubbles nucleate; 3) bubble coupling to CPV;
4) efficient diffusion; 5) CP charge - quarks + leptons;
6) B-violating sphaleron suppression in broken phase
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Too small in SM even if Higgs mass were smaller to satisfy w (mj = 0(1)

Prediction: New sources of CP violation coupled to the Higgs sector.

Furthermore, since it is heavily constrained by EDMs,
it must be sequestered away from the 15t generation leptons/quarks or
a delicate tuning must be “enforced.”

[EDM Reviews:e.g. Pospelov, Ritz 05; Ramsey-Musolf, Su 06; Ellis, Lee, Pilaftsis 08]



1) High T (B+L)-viol; 2) bubbles nucleate; 3) bubble coupling to CPV;
4) efficient diffusion; 5) CP charge - quarks + leptons;
6) B-violating sphaleron suppression in broken phase
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Furthermore, since T. is of the order of EW scale (again, in the absence of tuning),
then the new CP violation must come from new fields of the EW scale.



CPV Enhancements May be Achieved Resonantly
[See Chris Lee’s talk1106.0747 for more info; see also Carena et al 97]

1) High T (B+L)-viol; 2) bubbles nucleate; 3) bubble coupling to CPV;
4) efficient diffusion; 5) CP charge - quarks + leptons;
6) B-violating sphaleron suppression in broken phase
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i L U m;
Conclusion from «,sin(é) f; Vws 3 )
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CP violating sector should be appreciably coupled to the Higgs sector
and have EW scale masses.

BSMs with degenerate mass spectra in this new CP violating sector
are extra favorable for EWBG.




Necessary BSM ingredients
blue = not generic without extra scalars/nonstandard phys;
red = tuned; black = easy in (B)SM and standard cosmo

1) High T (B+L)-viol; 2) bubbles nucleate; 3) bubble coupling to CPV;
4) efficient diffusion; 5) CP charge - quarks + leptons;
6) B-violating sphaleron suppression in broken phase

1 2,3 4,5 2,6
/_/H a - N A\

~
' . r | ' ?1 f\.-"
”Tﬂ .y O[:]D}[IS . ['IPSi"{a}fl (pﬂ":_:‘%> o fj (Dl'rj ?j.%__l-‘w) X ],-'P (H;FE TI) ) —

Picture that emerges (i.e. special models are not included):

1) BSM has extra states of order EW mass scale appreciably coupled to the Higgs.
Some kind of tuning mechanism built into the model seem probable In this sector
(e.g. EDSP — see Andrew Long'’s talk).

2) A BSM CP violating sector should be appreciably coupled to the Higgs sector and
have EW scale masses. BSMs with degenerate mass spectra (again, symmetry
opportunity) in this new CP violating sector are extra favorable for EWBG.

3) Lack of hints in FCNC, electroweak precision, and EDMs can be seen as worries
or opportunities in the context of EWBG.



[Backup slides]



Given a model, parametric space cornering is correlated.

Necessary BSM ingredients
blue = not generic without extra scalars/nonstandard phys;
red = tuned; black = easy in (B)SM and standard cosmo

1) High T (B+L)-viol; 2) bubbles nucleate; 3) bubble coupling to CPV;
4) efficient diffusion; 5) CP charge - quarks + leptons;
6) B-violating sphaleron suppression in broken phase
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EDM Opportunities

[Baker et al 06; Griffith et al 09; Hudson et al 11] 1.5 improvement
| dpg| < 2.9 % 107 ecm |d,| < 3.5 % 1072 ccm |de| < 10.5 x 1078
19 o neutron YbF
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[Reviews:e.g. Pospelov, Ritz 05; Ramsey-Musolf, Su 06; Ellis, Lee, Pilaftsis 08]



Implications of EWPT?

Electroweak Baryogenesis: Bubble plasma dynamics
« Good: Overconstraint possible
« Bad: 1 number, mild tuning of parameters

Leptogenesis: B-L to B conversion
e Good: Connection to a lot of “natural” UV physics
e Bad: Overconstraint unlikely

Gravity Waves: Bubble stirs up fluid
« Good: Overconstraint possible
« Bad: Measurability is uncertain

DM: Freeze out physics can be affected

« Good: Overconstraint possible
» Bad: narrow parametric window

CC: IR contribution

« Good: Overconstraint possible
« Bad: narrow parametric window, and
dependence on multiple discoveries

Clustering: too small scale and effects easily washed out
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