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History and development: Leptogenesis

LT3R 5 Leptogenesis (type-1 seesaw case) ) 32 K] 1%

Leptogenesis
via seesaw

Heavy neutrinos

Neutrino decouple

physics
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History and development: EW Baryogenesis

EWBG L
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History and development: Afleck-Dine

Q-ball formation (Non-topological soliton 1n scalar field

Afleck-Dine Mechanism
theory)

Oscillation of AD field

'

Q-ball formation

'

Lifting the potential
via B/L violation

Scalars carrying

Flat directions
non-zero U(1)
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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)]

:gbO;éOa ¢=O

¢+ 3He - I

a(T,,)
Ppm ~ My,
do
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History and development: Axiogenesis

Ax1ogenesis

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

4C)

>

R(£§&™\
R(t;) )

0(t;) > ma(

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

» 0

Non-zero Peccei-Quinn number— Axiogenesis!

Strong sphaleron‘ nPQ — Sz¢ EWsphaleron *

EWsphaleron

Quake chiral ﬁ Baryon asymmetry

asymmetry PRL, 124, 111602



Two little works based on previous developments

o Axion-inflaton triggered baryogenesis ‘/

Axion-inflation triggered baryogenesis, Wei Chao, Y.H. Wang, C.H. Xie, in submission

O Majoron dark matter triggered baryogenesis

Axion-like dark matter from the type-Ill seesaw mechanism, Wei Chao, M.J. Jin, H.J. Li Y.Q. Peng, PRD
Majorana Majoron and the baryon asymmetry of the Universe, Wei Chao,Y.Q. Peng, in submission
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Axion-inflation triggered baryogensis

O Original idea : Alexander, Peskin, Sheikh-dabbari, PRL 2004

|
|

RR production during

1 -
S = J‘ [—g [Eaﬂ¢@”¢ — V(g) — F(¢)RR] * '
3 . -
ol B

~ Net lepton number density after
O Net number densities of SM particles can be produced via the axion-inflaton that couples to the
Hyper U(1) gauge field via the Chern-Simons interaction, g(¢)FF.
o Hyper-magnetic field may survive to the EWPT, resulting in net BAU (JHEP12(2017)011)

axion inflation

— — ——

inflation!

=—a— e ——— ——— ——
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Axion-inflation triggered baryogensis

e Axion inflation with interactions

iy
e Production of gauge fields during inflation: ( n* —a ]ibeoﬂ"”dd) A =0
T a

dk T . :
A(t,x) = Z J o) _A/I(n, k)eﬂ(k)aﬂ(k)elk'x +h.c. |

A=%

a2 6/171'5/2
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e Triangle anomalies for various U(1) gauge fields

Axion-inflation triggered baryogensis

scenario [symmetries |Qr, |, |Ur | Dr|Er|Nr|H |V | YR XL IXR|INL | MR
(i) U(l)p-vL |+35|—1|+5|+5|-1|=1|0| x [ x| x| X |X|X
(i Ulr |0 |0 |—=1|+1|—-1|4+1|1| X |X|X|X|X]|X
(iii) Ul)g |+%|0 |[+3|+3| 0| 0 [0|-1|4+2|+2|-1|+2|-1
(iv) U(1)L O |+1 0|0 [+1|+1|0|—-1({4+2|4+2|-1|+2|-1
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e U(1)s-L

WEI CHAO

Axion-inflation triggered baryogensis

M — 2 a2 2 S nk q:Y

”(]B’Q>_327z2 (g WW+9g FF+9gB_LFF) ]
| 4 —~ —

o <'ﬂ )= G F ——g2 FF’
u \JB.u 16772 ( 9g 9gB—L ) quuYS

M — a2 2 'l
Oy <]B,d> T 1672 ( 9g FE 9gB—LF F) )

qj Y

_g}_!%_LF,F/> Key-point of this study!
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Axion-inflation triggered baryogensis

e U(1)r L
1 4 — —
o\ T 9 2T Ly
aﬂ <]B,u> 1672 ( 9g FE —gpt F) ETRIRE
o (i* ) = 1 2FF — o2F'F
u\Jpa) = 16772 9g SR a; YP
J
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e U(1)p:

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

1 ~— ) ~— ~— . _ 1 2 Y17 ,2 =y 2 /N/
aﬂ <]l//jL) — 4 o (82WW+g2FF +4g§F,F,> 6ﬂ (]l’l;R) = 3972 (g WW+g FF + 16gBF F )
! ( 2FF + 4 2F’F’> d (ﬂ) _ ! ( °FF + 2F’F')

1 —
. M) — 21 T/
Ar?2 (gl%F " ) O <"”R> 1672 <gBF g )
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Axion-inflation triggered baryogensis
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Axion-inflation triggered baryogensis

o U(1).:

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

e current equations for new fermions are the same as these in the U(1)s

>

If neutrinos are Dirac particles which means
that I1ts Yukawa Iinteraction never reach

equilibrium, then we have the source of the
BAU for the U(1)g.L, U(1)r and U(1)L cases!
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Axion-inflation triggered baryogensis

e Axion inflation — ¢g-¢ — g5 e Chern Simons number:

Npg = o) H(E)a’H>

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

? o,Jx ] 4a¢ E,,F"” e Chiral fermion asymmetry during reheating
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d U 1
Transport equations: — — | = —
dinT \ T g;
Interaction WS SS Y. Y, Y.
Lo/T* SKWsQ3 | 3Ksse3 | Ky, Ys Ky, Yp. Ky, Yz
T, [GeV] | 6.0 x 1012 | 2.5 x 1012 | 2.8 x 101% | 1.1 x 10° | 4.7 x 10° | 1.3 x 10'?
Interaction Y. Y. Y; Y, Y, Y3
Lo/T* KY, Yu Ky, Yo KY, Yt Ky, Ya Ky, Ys Ky, Ui
T,[GeV] | 1.0x 10 | 1.2 x 10! | 4.7 x 10'° | 4.5 x 10° | 1.1 x 10° | 1.5 x 1012
WEI CHAO

Axion-inflation triggered baryogensis

e From chiral fermion asymmetries to the BAU

aya 04 'uj
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Axion-inflation triggered baryogensis

o FF: U(1)g gauge field X (or require exotic mechanism!)

. I . IO

Inflation 0 BAU

o FF: U(1)_ gauge field v

Non — zero BAU o

WEI CHAO
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Axion-inflation triggered baryogensis

o FF: U(1)g gauge field v ol
Inflation ' ﬂ - 100
N Non — zero BAU
o [ [- U(1)B-L gauge field J

Non — zero BAU

Inflation

WEI CHAO
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5x1077F

4 10-°F
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Two little works based on previous developments

o Axion-inflaton triggered baryogenesis

Axion-inflation triggered baryogenesis, Wei Chao, Y.H. Wang, C.H. Xie, in submission

O Majoron dark matter triggered baryogenesis ‘/

Axion-like dark matter from the type-Ill seesaw mechanism, Wei Chao, M.J. Jin, H.J. Li Y.Q. Peng, PRD

Majorana Majoron and the baryon asymmetry of the Universe, Wei Chao,Y.Q. Peng, in submission

WEI CHAO
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Majoron & neutrino mass via type-l seesaw

Type-l seesaw + spontaneous breaking U(l); symmetry

T o 1
Zpsm = (aMCI>> (0"D) + pug @ '@ — 1, (P D) — AH(P'P)H'H) — [YNKLHNR T ENRC <YM(D -+ m) N.+h.c. ]

LNV term!
¢+
. v.+ S +1a
H=|rtdti O = a: Majoron
V2 V2
Yukawa Interaction —YNFLHNR — M, = YNv/\/§
Key term: mNgNp+h.c. Quantum Gravity effect!
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Majoron interactions and Majoron mass

Field-dependent phase transformation

. . a —5 -
78 e_%fL S —etrs i z_faﬂ (KLW{L + ERWER)
_ia = < — iaﬂjﬁ
Er — e YEp H—-H 2f

la 1 Y
Np — e 7 Np é Ee_’eNgmNR +h.c.

WEI CHAO
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Majoron interactions and Majoron mass

| —
Ee—zﬁNgmNR +h.c. — Q‘ <::> :i: %:3

Mass insertion of right- (a) (b) (©) (d)
handed neutrino masses: Q C:, Ii EI %:3
(e) (f) (9) (h)

Before symmetry breaking: M =m

After symmetry breaking: :faYM/\/z +m

a as as a4

a, cosnd.
d 1672’2 Z n mM? (1—log 2) 2m2M210g M —m3M m4/3

n=1
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Majoron mass and its relic density

,_ LdV : +4a, + 9a, + 16
Majoron mass: m, = —/ — a a, s dy| .
2 402 1672
Initial velocity: v o In the traditional
()00 () misagmmens mochan
(From Noether theorem) ! <0¢> »=¢ o' mlsallgnmgnf Omec anism
o=

EOM J+ 3HO + i dV, — 0 Different oscillation

fz do ’ temperature
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Majoron mass and its relic density

WEI CHAO
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Baryon asymmetry of the universe

Weinberg operator

m]TgNR +h.c. % LNV carried by 9 H Non-zero B-L ,

Chern-Simons operator

Non-zero B-L % BAU

Sehemas |

2

1 a 3g a4 -~
. : . glnt D _ffHH, glnt D _WW
Key: {p i Nr y Nr i g 2M f, 642 f,
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Baryon asymmetry of the universe

Transport equations a af : n' fa 2 n’ i ne H(T)
uati - — — | = —— S — =) - :
port &4 dinT \ T g & Ef i\T) ST

Source term:

2
_ _ " 0.05eV
Weinberg operator decoupling temperature: Ty ~6X 10“GeV X .
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Baryon asymmetry of the universe

_9i |
s Y5=8.7x107" | 1078
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.' * 100 :
Q 10—13 . . = :
N _ 6 B
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10_15 | 10—12
10717 , : s
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10—19 Tl .'..' T BT R B E| i
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WEI CHAO

Summary

Dark matter and the baryon asymmetry of
the universe are two solid hints of new
physics beyond the SM.

They can be explained simultaneously in a
simple theory.

We have proposed two possible solutions to
the baryon asymmetry based on axion-like
dark matter or inflation theories.

Thank you for your attention!
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