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Matter-antimatter asymmetry

¥No galaxy made by ant-baryon is observed

¥Baryon asymmetry is measured by the Planck.
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Baryogenesis

History of the Universe
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New physics— T he Baryon asymmetry

o LLeptogenesis

o Electroweak Baryogenesis
o GUT Baryogenesis

o Afleck-Dine Baryogenesis

o Post-sphleron baryogenesis




History and development: Leptogenesis

Type-1 seesaw mechanism [Leotogenesis

Leptogenesis
via seesaw

Heavy neutrinos

Neutrino decouple

physics
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History and development: EW Baryogenesis

EWBG Transport equations

Xut X %L +v-j(z) = —/d3z/ d2°Tr[Y7 (z,2)S<(z,z) — 8™ (z,2)2<(2, )
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History and development: Afleck-Dine

Afleck-Dine Mechanism Q-ball formation (Non-topological soliton in
scalar field theorv)

Scalars carrying Lifting the potential ot ‘ Oscillation of AD field
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QCD Axion

Strong CP Peccei-Quinn

problem mechanism

d, =5.2x1071%e - cm

d, < 107%% - cm

Misalignment mechanism

AX(T)

Pseudo-scalar particle

[Preskill, Wise, Wilczek (1983)]
[Abbott, Sikivie (1983)]

[Dine, Fischler (1983)]
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History and development: Axiogenesis

Ax1ogenesis

Kinetic Misalignment mechanism : ¢, # 0, ¢ # 0

4C)
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[Co, Hall, Harigaya (2019)] m2 f.2
[Chang, Cui (2019)]

» 0

Non-zero Peccei-Quinn number— Axiogenesis!

Strong sphaleron‘ nPQ — Sz¢ EWsphaleron *

EWsphaleron

Quark chiral ﬁ Baryon asymmetry

asymmetry PRL, 124, 111602



Main point of this talk about Leptogenesis

Traditional * There must be primordial B-L violation

Leptogenesis
mechanism: * There must exist right-handed neutrinos

Eogenesis via the High-scale Electroweak Symmetry Restoration

Wei Chaol’ 2 * 2412.03902

' Key Laboratory of Multi-scale Spin Physics, Ministry of Education,
Beijing Normal University, Beijing 100875, China Sphaleron quenches bhefore electron

2 . .
Center of Advanced Quantum Studies, School of Physics and Astronomy Y - - =
’ ’ ukawa interaction enterin
Beijing Normal Unaversity, Beijing, 100875, China g

thermal equilibrium in the early

In this paper, we propose a novel electron-assisted Baryogenesis scenario that does not require ]
explicit B-L violation, which is essential for the traditional Leptogenesis mechanism. This scenario universe!
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Parameters for various interactions

e Key Point: Sphaleron may quench before the electron Yukawa
interaction entering the equilibrium

Interaction | Weinberg WS SS Y. Y, Y- - T
a2 5 ~ Weinbergop. | :
FQ/T4 KW ’Ug;w %mwsag %Iissag RY, yg RY, yi RY, y72. ______ g______;_____;_ _____ ;______;_____;_ _____
_f—_l_meakz sph.
T, [GeV] | 6.0 x 10'? | 2.5 x 10'? | 2.8 x 1013 | 1.1 x 10° | 4.7 x 10° | 1.3 x 10*2 | |
strong sph. .
Interaction Y, Y. Y; Yy Y, Y, - —Fgu - _F;uon S
Lo/T* Ky, Yu Ky, Yo Ky, Yi Ky, Y K. Ys Ky, Vi I ] ? e
t $ : ‘o T Pham . PR
T, [GeV] | 1.0 x 106 | 1.2 x 10™* | 4.7 x 10%% | 4.5 x 10 | 1.1 x 10° | 1.5 x 10'2 =P iom ~ ianse Mown

Valerie Domck, Yohei Ema, Kyohei Mukai and Masaki Yamada, JHEP 08(2020)096 107 10 108 10! 10° 107 10° 103
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Sphaleron

* Typical temperature:

Sphaleron quench temperature: T= 130 GeV

Electroweak symmetry restored temperature: T= 160 GeV

1 E
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Symmetry at high temperature

e EW symmetry non-restoration! v, i
! T>T. I
T=T
Unbroken symmetry Spontaneously broken symmetry / T=E
ZA— Y
oo A AV, (4 T)--—-)_‘,gFT4 5 =D g K (Bmpn)
V=—7h +Zh 1V¥D ~ 2‘”’2 2 nz F 2 F
T* [ = |
- 2 gZB 5 z J‘f‘(ﬁmB )2K2(ﬁm3n) o
Tree-level S S J

Thermal corrections
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Symmetry restoration at high T?

Conventional symmetry Question: Must all symmetries be
breaking sequence restored at high T?
I SO(10) Maybe not!
i ¥ Om) x On): Weinberg (1974)
SUGB)x U(l)y  Pati — Salam ¥ SU(s): Dvali, Mohapatra, Senjanovic

‘ T o (79, 80°S, 90°S)
¥

Cline, Moore, Servant et al (1999)
SUG)e X sUQ) XUy xU(lp_1 % EM: Langacker & Pi (1980)

‘ T oo ¥ SU@B): Patel, Ramsey-Musolf, Wise
SU(3)CX U(l)em (2013)
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Symmetry non-restoration

e EW symmetry non-restoration? Maybe!
Unbroken symmetry Spontaneously broken symmetry VT T>T. I=T1,
T=1,
/T=E
T=0
" ||
=——2 4 tl392lgl2l S
Y 2h+4h Hh=T2 4'16'16' ) )
Tree-level

BSM corrections can be negative!
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Color symmetry breaking at high T?

Key: symmetry non-storiation * P. Meade and H. Ramani, Phys. Rev. Lett. 122, 041802
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Color symmetry breakmg at hlgh T”
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Phase diagrams
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Gravitational waves

Two peak frequencies!
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Symmetry non-restoration
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e EW svmmetrv non-restoration? The answer is Yes!

Sphaleron quenches at 10° GeV.

¥KLeft-handed Electron asymmetry
can be transported to the BAU
via sphaleron.

* No B-L violation is needed!



Symmetry non-restoration

e Basic set up

I
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Leptogenesis

e Scenario-1: Axion inflation Leptogenesis

e Scenario-2 : Eogenesis

WEI CHAO
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*U(r: Gauged U(1)
- symmetry for right-
" handed fermions
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Axion-inflation baryogensis

scenario | symmetries | Qr, | 4, | Ur | Dr | Er | Nr | H | Y1 | Yr | XL | XR | "L | "R
(i) Ut |+35|-1|+5|+3|[-1|-1|0| x | x| x| x| x| X
(ii) U()gr 0|0 |—-1|+1|—-1|+1|1]| x | X | X | X | X | X
(i) U(1)B 200 [+3|+3| 0] 0 |0 |-1|42|+2]|-1|+2|-1
(iv) U(1)g, 0 |+1| 0 | 0 |+1|4+1|0|—=1|+2|42|-1]+2]-1

q; Y
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Axion-inflation baryogensis

e Axion inflation — g-¢ — ¢s °* Chern Simons number:

Npg = o) H(E)a’H>

1 |
— o Zzemﬂj?d InzW; (=2i0)W, (=2iT)a’H>
T 7
A==

2quf T ”:; F,,F* e Chiral fermion asymmetry during reheating
"""" g2 g7
TN st =—0?a,k" /. g n.=—eN;_ n~c = — €:N; H° %
q5 u) Q"% ¢S ( q CS ; /; J; S2a’ e © 2 (271' )4 (5)

-------------------------------------------------------
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Axion-inflation baryogensis

For the case In which neutrinos are Majorana particle

e Concrete value depends on the input of the axion inflation parameters!

WEI CHAO
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Axion-inflation baryogensis

If neutrinos are Dirac particles!

10 1070 107 104 10" 1070 10/ 10%
T [GeV] T [GeV]
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Leptogenesis

e Scenario-2 : Eogenesis

WEI CHAO
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Eogenesis

e Higgs doublet decay into chiral electrons with CP violation

efr

; Im YngZTtr(Y” YZ) M,
Crr o — f 7

H, >©Ii2— STT tr(Y17y?) Mo,
N;

r

e Chiral asymmetries are generated in the first generation.

e No primordial B-L violation is generated!

* No matter right-handed neutrinos exist or not!
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Eogenesis

e Transport equations

_ _ d (K 1 S U Mo
I My (Mg M, opg
d_(Ho\ __, "o (Fo _4Hy, 9, H T T T
) = _"H_=Z k
dinT \ T H\T 3T
1 75 47z2g>§Y 48¢(3)
| E
g, H 15 = 2
K1(Z)
}/DZ Fq)
K,(2) 2 o 1o 4 M, g
g, PH\3 T T
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Eogenesis
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Conclusion

A new type of Leptogenesis is proposed, which is dubbed
as Eogenesis

B No primordial B-L is nheeded

. No dependence on the nature of neutrinos

Thank you for your attention!
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