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New physics—The Baryon asymmetry
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 没有观测到反物质星系，否则光学望远镜会观测到星系湮灭的射线


元素的原初丰度以及CMB功率谱的形状都依赖于重⼦数与光⼦数之比

Matter-antimatter asymmetry Baryogenesis

YB =
⇢B
s

= (8.59± 0.11)⇥ 10�11Baryon asymmetry: Planck

★Baryon number violating

★C&CP violation        

★Departure from equilibrium

Leptogenesis

Electroweak Baryogenesis

GUT Baryogenesis

Afleck-Dine Baryogenesis

Post-sphleron baryogenesis
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History and development: Leptogenesis
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轻子数破坏与	Leptogenesis	(type-I	seesaw	case) 物理图像

Neutrino 
physics

BAU

Leptogenesis 
via seesaw

Lagrangian: �L = Y⌫`LH̃NR +
1

2
N

C
RMRNR + h.c.

Neutrino mass:

Seesaw Mechanism

M⌫ = �MDM�1
R MT

D

H H

N νν Elegant but losing 
testability at colliders!

BV CPV Out of EQ

Heavy neutrinos 
decouple

Boltzmann EQ

dN

dz
= �D(N �N eq)
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= �"D(N �N eq) +WIDNB�L
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History and development: EW Baryogenesis
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EWBG

Basic description

输运方程

nL

Bubble CPV nH

Yukawa
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History and development: Afleck-Dine
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Afleck-Dine	Mechanism
Q-ball	formation	(Non-topological	soliton	in	scalar	field	

theory)

Scalars carrying 
non-zero U(1) 

charges

Flat directions 

(AD fields)

Lifting the potential 
via B/L violation 

operators

V = (m2 − cH2) |ϕ |2 + λ |ϕ |4 + ( ϕn

Mn−4
+ h . c . )

·nB,L + 3HnB,L = 2βIm [ ∂V
∂ϕ

ϕ]

Oscillation of AD field

Q-ball formation

Long lived Q-ball

DM candidate

Evaporation

BAU when sphaleron 
erase is irrelevant
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History and development: Axiogenesis
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QCD	Axion Axiogenesis

dn = 5.2 × 10−16θ̄e ⋅ cm

Strong CP 
problem

Peccei-Quinn 
mechanism

Axion

dn ≤ 10−26e ⋅ cm

Misalignment mechanism : ϕ0 ≠ 0, ·ϕ = 0

Pseudo-scalar particle

··ϕ + 3H ·ϕ +
Λ4(T)

f 2
ϕ = 0

ρDM ∼ mϕ [ a(Tosc)
a0 ]

3

[ Λ(Tosc)4θ2
i

mϕ(Tosc) ]

Kinetic Misalignment mechanism : ϕ0 ≠ 0, ·ϕ ≠ 0

Non-zero Peccei-Quinn number Axiogenesis!→

nPQ = S2 ·ϕ

Quake chiral 
asymmetry

Baryon asymmetry

Strong sphaleron EWsphaleron

EWsphaleron

PRL, 124, 111602
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 Status for Baryogenesis
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Seesaw	model																								YANAGIDA	et	al.	1986

Axion-inflaton	Leptogenesis												Alexande	et	al	2004
B-L Violation

Affleck-Dine	field	oscillation															Affleck	et	al	1985	

Primordial B-L 
Conservation

Electroweak	baryogenesis													Bochkarev	et	al	1990

Electrogenesis																																						CHAO,	2024

Magnetogenesis?																													JOYCE	et	al	1997

Wash-in	Leptogenesis																			DOMCKE	et	al	2021

Axion	Baryogenesis																													CO	et	al	2019	
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CME for Leptogenesis
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Starting point

ΔB = ΔL = Ng(ΔNW
CS − ΔNY

CS) ΔNY
CS =

g2
Y

16π2
ΔH

• Traditional Leptogenesis: ΔNY
CS = 0

• Magnetogenesis:

Source term comes from the LNV decay of seesaw 
particles

ΔNY
CS ≠ 0 No other source term 

• What we focus on: ΔNY
CS = 0 & B ≠ 0

There might be non-helical magnetic field in 
the early universe.
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CME for Leptogenesis
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Lagrangian/Action for hyper magnetic field in the presence of chemical potential 

−ℒ ∼
1
4

YμνYμν + CEWnEW
CS + CYNY

CS + jμYμ + ⋯

CY =
3

∑
i=1

[−2μRi
+ μLi

−
2
3

μdi
−

8
3

μuRi
+

1
3

μQi]
• Maxwell equations 

NY
CS =

g′￼2

32π2
2Y ⋅ BY

∂E
∂η

− ∇ × B + J = 0
∂B
∂η

+ ∇ × E = 0 ∇ ⋅ E = ρ ∇ ⋅ B = 0

J = σ(E + v × B) +
2α
π

CYB CME: 带有⼿征的介质处在磁场中时会有感应电流产⽣
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CME for Leptogenesis
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螺旋度密度和磁场能量密度的演化⽅程

h = ∫
d3x
V

A ⋅ B = ∫ dkhk ρB = ∫
d3x
V

1
2

B2 = ∫ dkρk

• EOM
∂h
∂η

= lim
V→∞ ∫

d3x
V (2B ⋅ ∇2 A

1
σ

+
4α
π

CCS

σ
B2

Y)

−T
∂hk

∂T
= −

2k2

σ0

T
H

hk +
8α
πσ0 ( CY

CS

T ) T
H

ρk −T
∂ρk

∂T
= −

2k2

σ0

T
H

ρk +
2αk2

πσ0 ( CY
CS

T ) T
H

hk
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CME for Leptogenesis
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Transport equations 

−T
∂hk

∂T
= −

2k2

σ0

T
H

hk +
8α
πσ0 ( CY

CS

T ) T
H

ρk −T
∂ρk

∂T
= −

2k2

σ0

T
H

ρk +
2αk2

πσ0 ( CY
CS

T ) T
H

hk

−
d

d ln T ( μEi

T ) = −
1

gEi

γEi

H ( μEi

T
−

μLi

T
+

μH

T ) +
6
gE

α
2π

∂h
∂ ln T

d
d ln T ( μLi

T ) = +
1
gLi

γEi

H ( μEi

T
−

μLi

T
+

μH

T ) −
1
gLi

2γWS

H [∑
i

μLi

T
+ 3∑

i

μQi

T ] −
6
gLi

α
2π

∂h
∂ ln T



WEI CHAO

CME for Leptogenesis
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U(1) extensions to the minimal SM
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（1）⼿征磁效应可以调节粒⼦数密度的分配问题， 

（2）⽆法在电弱相变发⽣之前产⽣重⼦数不对称，因为该相互作⽤保持  B-L守恒 

（3）当存在额外的U(1）相互作⽤，并且中微⼦为DIRAC粒⼦的情形，可以借助于反常项来产⽣重⼦数不对称！
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Triangle anomalies(1)
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• U(1)B-L ∂μ (jμ
B,Q) =

1
32π2 (g2WW̃ +

1
9

g′￼2F F̃ +
4
9

g2
B−LF′￼̃F ′￼)

∂μ (jμ
B,u) =

1
16π2 (−

4
9

g′￼2F F̃ −
1
9

g2
B−LF′￼̃F ′￼)

∂μ (jμ
B,d) =

1
16π2 (−

1
9

g′￼2F F̃ −
1
9

g2
B−LF′￼̃F ′￼)

∂μ (jμ
L,E) =

1
16π2 (−g′￼2F F̃ − g2

B−LF′￼̃F ′￼)
∂μ (jμ

L,N) =
1

16π2 (−g2
B−LF′￼̃F ′￼)

∂μ (jμ
L,ℓ) =

1
32π2 (g2WW̃ + g′￼2F F̃ + 4g2

B−LF′￼̃F ′￼)

∂μ (jμ
B − jμ

L) = 0
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Triangle anomalies(2)
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• U(1)R

∂μ (jμ
B,u) =

1
16π2 (−

4
9

g′￼2F F̃ − g2
RF′￼̃F ′￼)

∂μ (jμ
B,d) =

1
16π2 (−

1
9

g′￼2F F̃ − g2
RF′￼̃F ′￼)

∂μ (jμ
L,E) =

1
16π2 (−g′￼2F F̃ − g2

RF′￼̃F ′￼)

∂μ (jμ
L,N) =

1
16π2 (−g2

RF′￼̃F ′￼) ∂μ (jμ
B − jμ

L) = 0
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Triangle anomalies(3)
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• U(1)B:

∂μ (jμ
ψR) = −

1
32π2 (g2WW̃ + g′￼2F F̃ + 16g2

BF′￼̃F ′￼)∂μ (jμ
ψL) = +

1
32π2 (g2WW̃ + g′￼2F F̃ + 4g2

BF′￼̃F ′￼)
∂μ (jμ

χL) = +
1

16π2 (g′￼2F F̃ + 4g2
BF′￼̃F ′￼) ∂μ (jμ

χR) = −
1

16π2 (g′￼2F F̃ + g2
BF′￼̃F ′￼)

∂μ (jμ
B − jμ

L) = 0!

• current equations for quarks are the same as these in the  U(1)B-L

• current equations for leptons are the same as these in the  SM

∂μ (jμ
ηL) = +

1
4π2 (g2

BF′￼̃F ′￼) ∂μ (jμ
ηR) = −

1
16π2 (g2

BF′￼̃F ′￼)
∂μ (jμ

ψL
+ jμ

ψR
+ jμ

χL
+ jμ

χR
+ jμ

ηL
+ jμ

ηR) = 0
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Triangle anomalies(4)
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• U(1)L:

∂μ (jμ
B − jμ

L) = 0

• current equations for quarks are the same as these in the  SM
• current equations for leptons are the same as these in the  U(1)B-L

∂μ (jμ
ψL

+ jμ
ψR

+ jμ
χL

+ jμ
χR

+ jμ
ηL

+ jμ
ηR) = 0

• current equations for new fermions are the same as these in the  U(1)B
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Axion-inflation triggered leptogenesis
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• Axion inflation → qCS → q5

nf,σ = − ϵσNf,σ
g2

X

8π2a3
nCS = − ϵiNi

g2
X

2(2π)4
H3𝒦(ξ)

• Chern Simons number:

nCS ≡
1

(2π)2
𝒦(ξ)a3H3

• Chiral fermion asymmetry during reheating

=
1

(2π)2 ∑
λ=±

λeiκλπ ∫ τ̃3d ln τ̃W*κλ,μ(−2iτ̃)Wλσ,μ(−2iτ̃)a3H3
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Axion-inflation Leptogensis
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Chao, Y. Wang, C. Xie, JCAP02(2025)030

U(1)_{B-L}
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Axion-inflation Leptogensis
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Chao, Y. Wang, C. Xie, JCAP02(2025)030
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Axion-inflation Leptogensis
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Chao, Y. Wang, C. Xie, JCAP02(2025)030
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Summary
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Leptogenesis mechanism is an elegant mechanism 
deserving dedicate study in many aspects. We work on 
the impact of U(1) gauge interact ions to the 
Leptogenesis mechanism and presented the following 
two results:

The spectator process induced by the 
chiral magnetic effect is explicitly derived .


A workable Dirac Leptogenesis scenario is 
presented.

Thank you for your attention!


