CP VIOLATION AND THE BARYON
ASYMMETRY




Outline&preview

* Introduction to the baryon asymmetry;
* Brief overview of the EWBG;
* CP violation @finite temperature;

* EWBG from the spontaneous CPV.

Preview

Show you how to generate the baryon asymmetry of the universe with a
spontaneous CPV at the finite temperature.

Show you how to avoid the constraint on the EWBG arising from the EDM
measurement.
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Baryon asymmetry

* No anti-galaxy was observed

* The abundance of the primordial elements and the height of the CMB power
spectrum depend on the ratio of of baryon to photons

(Planck 2015)
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BAU from First order EWPT
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Electroweak Baryogenesis

* Generate BAU during the electroweak phase transition
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Fate of the EWBG

Three Detectives

LHC

Conventional EWBG mechanism might be found or excluded in the near future
when these three detection methods are combined.

A typical example: Wino-catalyzed EWBG is excluded by the ACME result(intensity
frontier) and the Higgs search results at the LHC(energy frontier).

Questions: Is there a mechanism of electroweak baryogenesis that can escape
from these hunters?




Our little aim: a EWBG with less signature

Exploring the scenario of electroweak baryogenesis that may escape from
the combined detection of the cosmic, energy and intensity frontiers.

: A two-step phase transition may avoid constraint arising
One observation: :
from Higgs searches at the LHC

S
One-step PT SM Higgs is too heavy to 2 Two-step PT
saturate first order EWPT

Broken phase
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The barrier between the The barrier exists at the tree-
symmetric and the broken level
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Vi (9, T) = A(T)@? + o matter

radiative corrections




Our little aim: a EWBG with less signature

Another observation:

sector

There exists spontaneous CP phase in the scalar singlet

Lemma:

different in magnitude

spontaneous CP violation in the
theory of one complex scalar field
may occur only when the related U(1)
is explicitly broken by at least two
spurions whose U(1) charges are

A possible strategy:

Two-step PT
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First-step ﬂp/

» h

Symmetric phase

CP conserved
Broken phase

Vo g lHIYE) EXHTHE - 0l (S1S) 681812 - DG (HIHNSTS) — %;PBSQ + %Ag “+he

2 2

1 )\1 o )\3 mﬁ - My
= 4+ DR L
(@) 5 arccos e ma - m% /911, TC

NO constraint of EDM and Higgs search!




Sketch of the mechanism

Basic description

* B Sphaleron

Sakharov: *x C&CP Spontaneous CPV

* First order EWPT |Two-step PT

@ Yukawa interactions Inelastic scattering

sphaleron ‘

PB

Transport equation:
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The model:

SM+ complex scalar singlets

1 1
. L S P o2 i e T
Potential: B &ais (H'H) + MHTH)? — u3(S'S) + A\1(S7S)* + M (H'H)(S'S) ZMBS 3 2)\35 +he.
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~Z ~nT St,+MT,T,+h.c. |Tr: vector-like top quark

Jpr)(z) = /000 dtt? In <1 = exp{—\/ﬁ}) e {Z B [ hzs 5)} — anJF m;(zh) - mJp {—m%(;’zs’f)}}
* Vi The tree-level potential * Vi Finite temperature contribution
Vet = Vo F Vow 1+ Voo + Voo
* V.- Coleman-Weinberg term * Vi..,s The ring contribution
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Bubble dynamics

1.Bubble nucleation

Euclidean equation of motion

Euclidean action for the solution of EoM

dig  2dp
e o
S = 47r/r2dr [% (%) + V(¢)

Bubble nucleation rate per unit time per
unit volume

Bounce solution to the background field

V(z) = %U(T) {1 + tanh (3%)}
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Bubble dynamics

Critical temperature Tc:

Bubble nucleation Temperature Th:

PT completed Temperature Tq:

Y Relationships

Tc>Tn >Td

‘/eff(¢symmetri07 T) |Tc = eﬂ(¢broken7 T) |TC

tn S
/ FVH(t)dtz/ . ( S Pl) ¢ o
. .0 T

I Bubble nucleation rate
Vi (t) One-horizon volume

H(T) | Hubble constant
Vw Bubble wall velocity

) Friction of the universe covered
by the broken phase




Bubble dynamics

3. Physical parameters relating to PT

Bubble wall velocity

calculated numerically

Bubble wall width

calculated numerically

Released energy to radiation

— ra
energy - [ Prad
3
The efficiency factor T w(&)v?y2E2de

Latent heat

A:A<V—QT>
dt

Vw

Iw

rReIevant to the calculation of
baryon number density generated
h_fl‘uring the EWPT

2

=

Relevant to the calculation of stochastic
gravitational wave spectrum emitted
during the EWPT
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CP phase and bubble wall width

EoM for three background d>¢s | 2de; =
fields: ar? s

Sy - A+ /AN, - A3
Bubble wall width: ey e (1 - )
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Transport equations

EWBG

 On
Transport equation B
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+S<(z,2)X” (2, z) — X=(z, z)S>(z, z)]

. k2dk
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Diffusions

Top Yukawa
np
Relaxation
weak sphaleron
Strong sphaleron
Yukawa
Q3 Q12
t R< |
I U2

strong sphaleron




Damping of the domain wall




Numerical results
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Numerical results

Wei Chao,PLB796(2019)102
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Summary

4 Physics relevant to electroweak phase transition are briefly reviewed.

4 The baryon asymmetry of the universe generated during the first
order EWPT is discussed, especially | showed how to generate
sufficient BAU with the spontaneous CP phase and a two-step EWPT.

21




o

Advertisement

B=RILIFAEN RIS

6-9 December 2019

Asia/Shanghai timezone

Overview
Scientific Programme
Timetable

Registration
Modify my Registration
Participant List

https://indico.ihep.ac.cn/event/10365/

[ [=3)

WS TR A il SR IEAR K AR AR T BT, 0 4 80 AR B SEIR A S B il YR R
B VTAER, WG SCRB U WA SO B IR A S R AR T ) HE R ORS BE TR
i+ COHERENTSZRy WL E] -4 742 FAH Tk Uy (R BRIl 2295 )« XENONITSL
BAREIWUBFEE . tesh, WIMPHIEBRIMIEN T REM, AR08 53 HilFA1Sub-GeVIEH5i
HEEAR N B AR A BTRIL. X L0 v [ R OB e B T ALIB APk AR

A TR E N R YR AR A RERY SIS N R R, FRE RS H bR
GRS AT REME, AERURRA ALK 24 AR BB 72 b UoFs T20194F12 F 07 H o9 H 7EL R
TR ZATRIPIE XA 2 0055 = AL R R T £ o S UC0H 5100 BT A IR 400 AH 2% ) DR o
WIS IR R

SV ALITRBRIFEIX, BRifET

WA : 120078 CENFRII-LR) . 6007 (4) LA
HAMHIE: 2019410 31H il

(1) IR
AL LRI SRKE R BRI FRUEHITT
BERAL: WKE. . KEK. W RRE o AR
ARZRL: R WK WG ER. EF. R BILF AR =

LEBAEN:
BisE (LIREIFHEAY) : yangshuoyao@bnu.edu.cn

D RS
= b
Starts Dec 6, 2019 08:00
Ends Dec 9, 2019 18:00
17
Q TRR
ST X

1871465

YR ALl ST ZR A

1 er®

@ AZRLTE
Qms
Q FREE
SESRRRHE
(4)
N
(1) . g:ﬁ‘%
38711 ®
(1)
NS
Ea

22







