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Bayon asymmetry of the Universe

44 different ways to creat baryons in the Universe

1. GUT baryogenesis 13. SUSY EW baryogenesis

2. GUT baryogenesis after preheating 14. String mediated EW baryogenesis

3. Baryogenesis from primordial black holes ~ 15. Baryogenesis via leptogenesis

4. String scale baryogenesis 16. Inflationary baryogenesis

5. Affleck-Dine (AD) baryogenesis 17. Resonant leptogenesis Cosmic Energy Budget
6. Hybridized AD baryogenesis 18. Spontaneous baryogenesis

7. No-scale AD baryogenesis 19. Coherent baryogenesis

8. Single field baryogenesis 20. Gravitational baryogenesis Shaposhnikov, DISCRETE 08, 11, Dec
9. Electroweak (EW) baryogenesis 21. Defect mediated baryogenesis

10. Local EW baryogenesis 22. Baryogenesis from long cosmic strings

11. Non-local EW baryogenesis 23. Baryogenesis from short cosmic strings

12. EW baryogenesis at preheating 24. Baryogenesis from collapsing loops
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Bayon asymmetry of the Universe

44 different ways to creat baryons in the Universe

25. Baryogenesis through collapse of vortons 37. Gravitino induced baryogenesis

26. Baryogenesis through axion domain walls 38. Radion induced baryogenesis

27. Baryogenesis through QCD domain walls 39. Baryogenesis in large extra dimensions

28. Baryogenesis through unstable domain walls 40. Baryogenesis by brane collision

29. Baryogenesis from classical force 41. Baryogenesis via density fluctuations Cosmic Energy Budget
30. Baryogenesis from electrogenesis 42. Baryogenesis from hadronic jets

31. B-ball baryogenesis 43. Thermal leptogenesis

32. Baryogenesis from CPT breaking 44. Nonthermal leptogenesis

33. Baryogenesis through quantum gravity
34. Baryogenesis via neutrino oscillations

_ Shaposhnikov, DISCRETE 08, 11, Dec
35. Monopole baryogenesis

36. Axino induced baryogenesis
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Electroweak Baryogenesis

Sakharov conditions:
e Baryon number violating interactions. &
e C and CP violation. X

e Departure from thermal equilibrium. X
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Electroweak Baryogenesis

Sakharov conditions:
e Baryon number violating interactions. &

e C and CP violation. X

x L
e Departure from thermal equilibrium. X
( @mie@ ‘ mm®

B

<0>x0 <0>=0

Bubble Wall =™

NEW J.PHYS. 14 (2012) 125003,
DAVID E.MORRISSEY, MICHAEL J. RAMSEY-MUSOLF
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Electroweak Baryogenesis

Sakharov conditions:
e Baryon number violating interactions.

e C and CP violation. X

N e Departure from thermal equilibrium. X

< B L ~ Asph(T)e_ESp O > H
<0>=x0 N\ <p>=0 *
Bubble Wall —* ) T)
B ng(Aty) y Vc(
> = nz(0) > € — T > Csph 1

NEW J.PHYS. 14 (2012) 125003,
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SFOEWPT in BSM: Multi-step EWPT

Vo(H, S) = —p2(HH) + \(HTH)? + %(HTH)S + %(HTH)52

b22 533 b44
+25+SS+4S,
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SFOEWPT in BSM: Multi-step EWPT

Vo(H, S) = —p2(HH) + \(HTH)? + %(HTH)S + %(HTH)52

b22 533 b44
+25+SS+4S,
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EWPT in SM
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SFOEWPT in BSM: Multi-step EWPT

Vo(H,S) = —p2(H'H) + NH'H)? + SL(H'H)S + 2 (H'H)S?

ba g2, b3 ga  la
2 3 1

£;4

+ =57+ =857+

<S> <S>

O <h> O <h>

EWPT in SM 1-step EWPT in BSM
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SFOEWPT in BSM: Multi-step EWPT

Vo(H,S) = —p2(H'H) + NH'H)? + SL(H'H)S + 2 (H'H)S?
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EWPT with a DM candidate: the cxSM

Vo(H, S) = %(HTH) + %(HTH)Q + (SQ—QHTH|S\2
> S| 1 S|

b
+ a1 S+ le2 + h.c..
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EWPT with a DM candidate: the cxSM
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andidate: the cxSM

EWPT withaDMc
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EWPT with a DM candidate: the cxSM
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EWPT with a DM candidate: the cxSM

MIXING & EWPT
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EWPT with a DM candidate: the cxSM
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EWPT with a DM candidate: the cxSM

MIXING & EWPT
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EWPT with a DM candidate: the cxSM

MIXING & EWPT

5 )\ 5 A2 ‘ ‘5—;2 Vo Vs ! 0
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2is)2+ Zyspt )

S=Xxy+s+IA

U(1) SSB: MASSIVE PSEUDO-GOLDSTONE BOSON + a1S + ZS + h.c.. Zz (s)s
AVOID DOMAIN WALL PROBLEM N

EWPT STRENGTH \\
A B

QUARTIC COUPLINGS & STRENGTH OF EWPT

Theoretical Constraints : Vacuum Stability & Perturbation

© (h)
Experimental Constraints : EW Precision Observables & Higgs Measurement

MIXING ANGLE & DM & HEAVY HIGGS MASS & EWPT & COLLIDER
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Constraints: W mass measurement

AO = (cos® 0 — 1)O°M(my,, ) + sin® 00°M (my,,) = sin” 6 [OSM(mhz) - OSM(mhl)]

AS = 0.086 £ 0.077,
AT = 0.177 £ 0.070

(1 089
Pis =\p089 1 /-

X2 = (X — X)i(0?);; (X — X); < 5.99
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Constraints: W mass measurement

AO = (cos® § — 1)O0°M (my, ) + sin® 00°M (my,,) = sin® 0 [0 (mp,) — O (my,,))]
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Constraints: W mass measurement

AO = (cos® 0 — 1)O°M (my, ) + sin® 00> (my,, ) = sin® 6 [O°M (mp,) — O (my,, )]
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Small my, with large mixing angle is favored ! AS = 0.086 + 0.077,
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Two degree of freedom, 95% C.L.

DOES THE W MASS MEASUREMENT EXCLUDE THE SINGLET HIGGS MODEL ?



Constraints: W mass measurement
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Small my, with large mixing angle is favored ! AS = 0.086 + 0.077,

AT = 0.177 + 0.070
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— ((3032 0 — I)OSM(mhl) + sin”? OOSM(th) — sin“ 0 [OSM(th) — OSM(mhl)]

Two degree of freedom, 95% C.L.

DOES THE W MASS MEASUREMENT EXCLUDE THE SINGLET HIGGS MODEL ?

The answer is NO!!

This 1s not a UV complete model



Conservative constraints : EWPO & Higgs Measurement
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Conservative constraints : EWPO & Higgs Measurement
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New physics may induce deviation in Higgs couplings. Therefore
it modifies the Higgs signal strength in Higgs measurement.
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Conservative constraints : EWPO & Higgs Measurement
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Conservative constraints : EWPO & Higgs Measurement
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Detectthe SFOEWPT at colliders

_ On one hand, enough strong first order EWPT needs considerable
TAKE-AWAY MESSAGE: new physics contribution. On the other hand, too big new physics

couping leads to deviation from experiment observation.
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Optimizing detecting PT ability at colliders : Combine bi?]/}/ and/Z/ — 4¢
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Detect the DM phenomenology and SFOEWPT at colliders
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Detect the DM phenomenology and SFOEWPT at colliders
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Detect the DM phenomenology and SFOEWPT at colliders
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cxSM: search EWPT & DM at the (HL-)LHC
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cxSM: search for bb + MET at the (HL-)LHC
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Summary

We briefly see how the Higgs measurement impact on the EWPT searches at colliders,

which gives an opportunity to the future collider—CEPC. ML method is expected to optimize
the preselection step.
Two methods are introduced to optimize the heavy Higgs search for EWPT. One is to combine

di-Higgs and di-boson channels, the other is to make use the branching new search channel

bb + MET.

Without updating LHC hardware, detectable parameter space are extended

by the first method. DM is very hopefully to be discovered by the future Xenon-nT or PandaX-4T.



