Exploring dynamical CP violation induced
baryogenesis by GWs and colliders
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BAU, 3 condition, EW Baryogenesis a solution

There is more baryon than anti-baryon in our visible universe:
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3 conditions (Sakharov Criteria) are required if one wants to explain
baryon asymmetry:

1 baryon number violation
2 C and CP symmetry violation
3 departure from thermal equilibrium



Does the SM work?

1 baryon number violation

sphalerora

2 C and CP symmetry violation
CKM, too smal®

3 departure from thermal equilibrium
crossover phase transition (125GeV Higg®

Another obstacle is stringent constraints from electric dipole
moment (EDM) measurement, CP violation term have to be
small :



Dynamical CPV: Large CPV in the early universe, suppressed now.

To realize with a simple example:
A dim-5 operator with additional scalar S:
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with y; = \/imt/v and n = a + b

The same scalar S also realizes a strong first order phase
transition (SFOPT) with the scalar potential:
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Now things are much better:

1 baryon number symmetry violation

sphalerorg Q

2 C and CP violation
CKM, too smal ot
® ?JH?A QL FQ

3 departure from thermal equilibrium
crossover phase transition(125GeV Higgs@




Now we have two scalar fields, so the PT is 2-step:

wd step, SFOPT

(0,0) ->(0,‘0)

1st step

(0,)

(< S >,< H >) plane

Sizable CPV at SFOPT : ytn%QL@tR

g _
Current time A suppressed operator : ymKQ . PR

Constraints from EDM are much weaker:



Approximate analysis: high-temperature expansion

Vig(H,0,T) = Vireo(H, 0) + AV"7°(H, 0, T) + Vi'="(H, 0)
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Exact analysis: alpha and beta
finite temperature effective 1-loop potential is:
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To precisely describe dynamics of the PT
need to calculate two parameters,

a describes the strength of PT

3 describes the inverse of PT duration



They are calculated in nucleation time Tz
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3-d Euclideam action is:
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scalars profiles are obtained by solving differential equation
(the minimization of free energy):
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some benchmark points

ko 0y O Ty[GeV]
0.88-0.21 -0.61 128.4
0.88-0.21 -0.51 171.8
0.88-0.21 -0.41 115.3
1.00 -0.21 -0.41  116.0
2.00 -0.21 -0.41 121.1
2.00-0.21 -0.22  106.6
2.00-0.21 -0.30 113.6
4.00-0.21 -0.21 115.9

BAU estimation:
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Benchmark set & mg |GeV] Ty |GeV] o
| 2.00 115 106.6  0.035 107
11 2.00 135 113.6  0.04 120

Ac/A ~ 0.1 —0.3

we calculate GWs signals for benchmark points
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induce observed BAU



Collider and EDM analysis

current tree-level Lagrangian :
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Effective operators can be obtained by integrating out the massive top-loop.
We use CDE(covariant derivative expansion) for relevant terms: Sgg, Syy.
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they affect Higgs data, light resonance search, and EDM



property of S, there is a huge mixing with H, even the HS mass term is small
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Current limit:
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future search

LHC future running: di-photon, 4-leptons, pp-> SH

electron collider(CEPC for example), simple and clear:
direct search at CEPC: recoiled muon pair mass distribution:
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indirect search: ZH Xsection deviation, from mixing and field strength renormalization:
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So o(efe” — HZ) will be rescaled by a factor |Og|*Z



Current Bounds and Future Reach
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future search

LHC future running: di-photon, 4-leptons, pp-> SH
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GWs calculation

our input parameters are just o B and energy efficiency factors A

there are 3 kinds of GWs sources: bubble collision, sound wave, turbulence.
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GWs and Collider signal double check:
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Conclusion

We have studied the collider search and GW detection of the EW baryogenesis scenario
with a dynamical source of CP violation realized by a two-step phase transition. The VEV
of a new scalar field (S) evolves with the two-step phase transition, and provides both the
SFOPT and sufficient CP violation at early universe. At current time, (S) becomes zero
at tree level, which makes it easy to evades the severe EDM constraints. Nevertheless, the
loop-induced mixing between the scalars S and H can produce abundant collider signals.
We have shown possible collider signals at future collider experiments, especially at the
lepton colliders. Meanwhile, collider signals and GW surveys could cross check this EW
baryogenesis scenario. As a by product, the discussion here suggests potentially interesting
collider signals for additional generic light scalar searches near the Higgs mass. The analysis
in this work may help to understand the origin of CP violation and EW baryogenesis,
furthering the connection between cosmology and particle physics. More systematical study

is left to our future study.



