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SM cannot account for observed BAU, *£ ~ 6.1 x 1019,
Sakharov conditions are satisfied:

v" B number violation;
v C/CP violation;
v' thermodynamical non-equilibrium.

Displacement from equilibrium must come from EWPT, and

§

Sls

> 1.

e Not satisfied in SM unless my, < myy, which is not the case.

o CP violation from CKM matrix too small.
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BAU = BSM physics

BAU requires BSM physics, and it is only natural to focus on
extending the scalar sector.
Two-Higgs-doublet models are excellent candidates:

e One of the simplest extensions of SM.
Two SU(2), scalar doublets: ®; and @5 .

o Extra heavy bosons: h?, H?, A°, H*.
o Additional source of CP violation (explicit or spontaneous).

o Testable in present and near-future experiments.

Correct BAU can be obtained for simplified cases and for
particular combinations of parameters.

e But what happens in the general case?
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2HDM

o Avoid FCNC = Zs symmetry: &1 — —®q, &9 — Oy .
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o Avoid FCNC = Zs symmetry: &1 — —®q, &9 — Oy .

Typel | + | + | +

Typell | + | — | —
TypeX | + | + | —
TypeY | + | — | +

e For PT, only top-quark needs to be considered.
Then models differ only in phenomenological constraints on their
parameter space. These come mainly from B-physics, so
Type I ~ Type X,
Type II ~ Type Y.
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2HDM

e For simplicity, consider CP conserving case only.
o, - 1 (o1
Viree (91, @2) = — ui @] @1 — p3@l@s — £ (0]@2+ He) +
M oata ) L 22 (ara.)? t T
+5 (ofer)” + ; (ef@z)” +2s (l@r) (@los) +

+ 0 (®]@2) (2f@1) + % [(@{%)2 + H.c} .
o EW minimum: (@1):( 0 ) (%):( 0 )
veosfB )’ vsin 8
o Physical parameters:
~ —_u

o v~ 174 GeV and M = JonoR)

o Masses: mpo, Mpyo, M g0, Mpg+.

o (3 is the mixing angle between (G+, H*) and between (G, A°).

o Likewise, « is the mixing angle between (h°, HO).

It is here defined such that o = 3 <= h" = hgp.
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V= ‘/tree + VCW + VCT + VT-

o Fix myuo = 125 GeV
04< tanf <10,

o Constraints:

o EW precision: p — 1~ 0;

-Z<a <%, o \; < d4m;
0GeV< u<1TeV, e metastability;
100 GV < m g0, my+ <1 TeV, o B°— B (red/dashed) and
150 GeV < mpo < 1 TeV. B — X7 (black/full).
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Type II/Y: mg+ > 360 GeV [Hermann et al., arXiv:1208.2788|.

Strong PT in 2HDM
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Results: tan
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Preference for tan 5 < 3 is excellent for baryogenesis, since
npg ~ (tan B)~2.
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Results: Mass
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mp+ hardly influences the phase transition.
Large pseudo-scalar masses, m 40 2 420 GeV, are favoured.




Results: Mas
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mp+ hardly influences the phase transition.
Large pseudo-scalar masses, m 40 2 420 GeV, are favoured.
Strong PTs also prefer hierarchy m o0 > mpyo g my=.
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ults: Coupling

Ay = —(M2—|—m?40 —277’1%11), A5 =
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favours a SM-like h°.
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Results: § — «
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A strong PT favours a SM-like AY.
Put another way, the observation of a SM-like h° constrains the
parameter space of 2HDMs in favour of strong PTs.
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A strong PT favours a SM-like AY.

Put another way, the observation of a SM-like h° constrains the

parameter space of 2HDMs in favour of strong PTs.
Moreover, a < 3 is slightly preferred.
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Results: hY — 2%
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Conclusions

e 2HDMs are robust candidates to explain BAU in light of LHC
results.

h? =~ hgyr favours a strong PT scenario.

m 40 > 420 GeV to 95% CL.

Strong PT prefers mass hierarchy m 0 > mpyo < mpy+.
What does this say about the probing of 2HDM in LHC?

Thank you!
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Appendix

e Surviving points after each step of tests:

Total EW precision | A; < 4w | Metastability | Strong PT
Absolute | 6.3-10° 1.2-10° 1.4-10° 2.6 - 10% 3.7-103
Relative 100% 19.1% 2.3% 0.41% 0.059%

o Physical fields:
Gt =cosB ¢f +sinp ¢
H" = —sinf ] +cosB o5
G" = cos B m1 +sin B mo
A% = —sin By + cos B e
h = cosa hy + sina hy

charged Goldstone),
charged scalar),
neutral Goldstone),
pseudo-scalar),
lightest scalar),

N N N N TN N

H = —sina hi + cosa ho heaviest scalar).
+
_ Pi
where P, < hi + i ) .
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