el ‘\s
- -
e s e
S EIGRE
s - S .

. .‘%‘;;

’ ~

e Ry

A

Y e

Spectator processes for Leptogenesis

Wei Chao

Department of Physics and Astrophysics, Beijing Normal University




Matter-antimatter asymmetry

¥No galaxy made by ant-baryon is observed

¥Baryon asymmetry is measured by the Planck.
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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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Outline

This talk focuses on spectator processes of Leptogenesis

e Scenario-1: Modified spectator process induced by weak sphaleron

e Scenario-2 : Chiral Magnetic effect induced spectator process

WEI CHAO 4



Main point: Modified weak sphaleron for leptogenesis

Traditional * There should be primordial B-L violation

Leptogenesis
mechanism * There should be 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,
Beiping Normal University, Beijing 100875, China |

*Center of Advanced Quantum Studies, School of Physics and Astronomy, electron Yukawa interaction.
Beijing Normal Unaversity, Beijing, 100875, China ‘

Sphaleron quenches before

|

entering thermal equilibrium in the
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 early universel
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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 Y, Y, Y3 - —Fgu o _F;uon J— 4;}Ctmn
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

_ — — — e — — — ———— \ ] ] 1 1 ] ] 1
Valerie Domck, Yohei Ema, Kyohei Mukai and Masaki Yamada, JHEP L1017 10 1083 10t 102 107 100 10°

i 08(2020)096

E—— e —
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Sphaleron

* Typical temperature:

Sphaleron quench temperature: T~ 130 GeV

Electroweak symmetry restored temperature: T 160 GeV

E
sphaleron

// .\\ ///.\\\
J \

V(®)
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Symmetry restoration at high T?

Conventional symmetry Question: Must all symmetries be

breaking sequence

Tha symmetry breaking order according to our imagination!

restored at high T?

SO(10), --- The really maybe not what we have imagined!

GUT | su)x UQ), Pati— Salam %

| t ... )

EW SUB)-xSU®2), x U1)y x U(1)g_;

| b

SUQB)-x U(l),,

*
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Omn) x O(n): Weinberg (1974)

SU(s): Dvali, Mohapatra, Senjanovic
(79, 80°S, 90°S)

Cline, Moore, Servant et al (1999)

EM: Langacker & Pi (1980)

SU@B): Patel, Ramsey-Musolf, Wise

(2013)



Symmetry at high temperature

o EW symmetry non-restoration! v, T,
C T=];
Unbroken symmetry Spontaneously broken symmetry / T=E
DAy
2 2\ B grT* [ = (—1) |
V = —%h2+zh4 AV1(¢,T)"‘§ 2‘”‘2 Lngl n2 (Bmp)sz(Ban)
T* [ = |
- 2 L. 5 z J‘f‘(ﬁmB )2K2(ﬁm3n) o
B 2T |,=1n
Tree-level L J

Thermal corrections
WEI CHAO



Symmetry non-restoration

e EW symmetry non-restoration? Maybe or maybe not!
Unbroken symmetry usly broken symmetry Vi T>T, T=T,
I=1,
/T=1.;
T=0
A“
- &)
___2 4 2)‘%,392,9’2, S
' 2h+4h e =2 4'16'16' ) (3)
Tree-level

BSM corrections can be negative!

WEI CHAO 10



Color symmetry breaking at high T?

Key: Symmetr‘y non-storiation * P. Meade and H. Ramani, Phys. Rev. Lett. 122, 041802 (2018)

1 1 [3g24+¢%2 2 7
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Chao, Huai-ke Guo, Xiugj 5tt.B 849 (2024) 138430
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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

e EW symmetry non-restoration!

<—| _Wéinbérg op. E
_fh_l_meak;sph. E
| H strong spﬁ. f :
- top ___kﬁlarm é——_ uﬂ
| o bottbm ___l;-s>‘tranéez_ _l_cﬁwn:
1017 10" 10% 10'' 10° 107 ®O° 10°
WEI CHAO .

Sphaleron quenches at 10° GeV or
higher scale.

¥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: 2HDM or BSM with scalar singlets

I

2

52

Ay [ , 8 | / |
Egpn = —J dg [4(f)2 +?f2(1 —f)° A > (h")* +h*(1 — f)* A

WEI CHAO
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Egph K o QM
OON(T) = Kooty T exp( — ) Egn>T log( b“’kg;v £ )
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Eogenesis

e Higgs doublet decay into chiral electrons with CP violation

£ =

; Im YngZTtr(Y” YZ) | Mg,
871' tI‘(Y”Yl) M(Dl

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!

WEI CHAO



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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Outline

e Scenario-2 : Chiral Magnetic effect induced spectator process

WEI CHAO
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CME for Leptogenesis

Starting point

2
_ _ W AAY y _ 8y
AB = AL = N, (AN} — ANY) ANgs == AH
/A
e Traditional Leptogenesis: A NY — () Source term comes from the LNV decay of seesaw
cS particles
e Magnhetogenesis: Y No other source term
gnetos AN} # 0

v There might be non-helical magnetic field in
e What we focus on: ANCS =0& B #0 the early universe.
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CME for Leptogenesis

Lagrangian/Action for hyper magnetic field in the presence of chemical potential

1 UL EW Y * 1l
—SZNZYWY + Copngs + C,NL+ J1Y, + -+
2 8 1 g*
Cy = —2ip + py ——py — —p, +— N} = 2Y - B
Y l=21 [ MR, T HL, 3lftdi 3//tuRl- BﬂQi] CS = 35 Y

e Maxwell equations
oE )5}
a__VxB_|_]:() a—+V><E:O V-E=p V-B=0

H H

— — =

J=0(E+vXB)+ 2_aC B CME: When a medium with a chiral asymmetry is exposed to a
T r | maghnetic field there is an induced electric current
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CME for Leptogenesis

EOM for helicity and the energy density of magnetic field

d>x d>x 1
h = A-B=|dkh = | ——B? = Jdk
[ v [ I PB J vV 2 Pk
oh d’ 1 4aC
« EOM — = lim J—x (23  V2A- 4 2 ZCS B%)
o Vo) V c T O

' oh 2k* T 8 Cr.\ T
T =- hk+—a( ;S>H

of o6y H" 7o,

23
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CME for Leptogenesis

Transport equations

d (He\ LV (K5 ML oy L6 oh
T T T) g.2z0InT

WEI CHAO
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CME for Leptogenesis in U(1)Li-;

U, Triangle anomalies
1 — ~ ~ 1 | ~
. L _ 2 IZFF 4 2 F/F/) 9 (.“ ) _ 2 = 12
Oy (JL /“) 39,2 (g WW +g +49% (2) 8, (4% 5z |WW + g*FF (6)
1 ~ ~
- b . 12 2 ! ~
VL) < (PR 0 () L (he)
1 —~ ~ | 4
9, (it ) = @*WW +g°FF) (4) L1,
3217T2 ~ O (Jg’d) ~ 1672 (_ggleF> R
8# (J% ) — 1672 (_g,2FF) (5)
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CME for Leptogenesis in U(1)Li-;

e Case I: New gauge field carry non-zero helicity and the symmetry is broken at high scale

e Axion inflation — ¢g,-¢ — g5

-------------------------------------------------------

-------------------------------------------------------

10 1070 10/ 104
T [GeV]
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CME for Leptogenesis in U(1)Li-;

e Case ll: No primordial B-LL asymmetry and no primordial helical magnetic field

10° 10" 10° 10°> 10* 1000 100 108 107 10° 10° 10% 1000 100
T [GeV] T [GeV]
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Conclusion

Leptogenesis is a beautiful mechanism for BAU, triggering
many model building Iin recent years. We find possible
connections between Leptogenesis and phase transition as
well as CME effect.

. Primordial B-L charge is not necessary in Leptogenesis.

. Spectator process induced by the gauge sector deserve
further investigation.

Thank you for your attention!
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