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Baryon Asymmetry of Universe

> Need tiny baryon asymmetry

= Pair creation/annihilation in equilibrium
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Baryon Asymmetry of Universe

> Need tiny baryon asymmetry

= Pair creation/annihilation decoupled at low T
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Baryon Asymmetry of Universe

> Need tiny baryon asymmetry

= Pair creation/annihilation decoupled at low T
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= Call for “baryogenesis” after inflation before BBN

= Baryon “chemical potential” in the primordial Universe
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Primordial chiral asymmetries in SM?
> SM — Chiral theory under SU(3) x SU(2) x U(I)

= Generic asymmetries in Matter = Chiral asymmetries!

> Global symmetry & Chiral anomaly
Classical
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Primordial chiral asymmetries in SM?

Weak sphaleron equilibrated
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Primordial chiral asymmetries in SM?

Weak sphaleron equilibrated

I
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> Are there any connection between Qc & Qg’

Leptogenesis: B-L — B via sphaleron
Leptoflavorgenesis: L. - L, or L, - Ly = B via sphaleron + lepton Yukawa

Non-eq = Decaying helical U(1)y field: L. - Ly, or L, - Lt = B via chiral plasma inst.






SM global symmetry: U(l)p_1 xU(1)r,—1, x UM r,-1, =UM)/3-1, x UM)B/3-, x U B/3-L,

0= %e_ﬁ(H—quAfQAf) wi Qa, Qp

5~ Qu;— flavored lepton charge
(b baryon charge




Chemical equilibrium of SM

> The relation between B and Qc at sphaleron equilibrium
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Chemical equilibrium of SM

> The relation between B and Qc at sphaleron equilibrium
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> The relation between B and Qc at sphaleron equilibrium
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Chemical equilibrium of SM

> The relation between B and Qc at sphaleron equilibrium
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Chemical equilibrium of SM

> The relation between B and Qc at sphaleron equilibrium

1 —ﬁ(H—Zf Ha,Qnp —.UB+LQB+L)

P = Ee w/ IJB=IJB+L+Z,UAf/3, HL; = HB+L — HA;
f
 2:10: —Z,ULfQLf Send Mg+L tO Zero at the end of computation
f
- Baryon charge & Conserved charges [KM, K.Schmitz, M.Yamada 21 11.03082]

Corrections from Higgs VEV

2
28 1034 +2473x5,, + 792x§p

2
yequf w/ XSp = Q
1672 (869 + 333X§p) f r Sphaleron dec.

dB-L + ~ 1.3




Chemical equilibrium of SM

> The relation between B and Qc at sphaleron equilibrium

o = le_,B(H_Zf,UAfQAf_MB+LQB+L)

7 w/ HUB =HB+L+Z,UAf/3, ML, = UB+L — HA;
f

 2:10: —Z,ULfQLf Send Mg+L tO Zero at the end of computation
f

- Baryon charge & Conserved charges [KM, K.Schmitz, M.Yamada 21 11.03082]
Corrections from Higgs VEV

qB-L+ 0.03 ;ygfcmf w/ Xsp = f ~1.3

r Sphaleron dec.

28 2 2




Chemical equilibrium of SM

> The relation between B and Qc at sphaleron equilibrium

1 —ﬁ(H—ZfHAfQAf—MB+LQB+L)

P = Ee w/ IJB=,UB+L+Z,UAf/3, HL; = HB+L — HA;
f
 2:10: —Z,ULfQLf Send Mg+L tO Zero at the end of computation
f
- Baryon charge & Conserved charges [KM, K.Schmitz, M.Yamada 21 11.03082]
Corrections from Higgs VEV
28 7P 2 2 (P
g =|==+0(y,,, Xg,) | gB-1L + Zy qn W/ Xsp = — ~1.3
79 P 0003 f o g r Sphaleron dec.
T és A
Implications of current baryon density 9x107°
qs qB (YLe_LT + YL,U_LT)TBTSP = y2/10—4
Yp= — :_) =9x10—11' < ~10 5
P75, s o Yp-1lr>15 <2.5%10 2.4 %1072




Chemical equilibrium of SM

> The relation between B and Qc at sphaleron equilibrium
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Primordial chiral asymmetries in SM?
> SM — Chiral theory under SU(3) x SU(2) x U(I)

= Generic asymmetries in Matter = Chiral asymmetries!

> Global symmetry & Chiral anomaly
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Primordial chiral asymmetries in SM?
> SM — Chiral theory under SU(3) x SU(2) x U(I)

= Generic asymmetries in Matter = Chiral asymmetries!

> Global symmetry & Chiral anomaly

Classical gare Quantum
UQ)px Uz, x UD) g, X UL, sy U(D gy, x U 1,—1, x U 1,1,
B o er > 'uBT‘Lglo‘8 Pty < HLolo 1078 @ 75 T,

g2 Wa Wa uv gZB VBMV
B oA gk _ i
AB) anomaly 9,J;=0,J; =3 32n2 =

Non-equilibrium chemical transport via chiral plasma instability!

* Chiral asymmetry w1 Helical hyper magnetic fields



Warmup: massless QED

> Chiral magnetic effect
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Warmup: massless QED

> Chiral magnetic effect
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Warmup: massless QED

> Chiral magnetic effect
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Warmup: massless QED

> Chiral magnetic effect
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Warmup: massless QED

> Chiral magnetic effect

w R w L Chiral asymmetry
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> Chemical transport via chiral plasma instability = teyce Shaposhnicov Akamatsu Yamamoto]
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Warmup: massless QED

> Chiral magnetic effect

EEE

> Chemical transport via chiral plasma instability
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Warmup: massless QED

> Chiral magnetic effect

w R w L Chiral asymmetry
Q5 =Qr—Qr, Qr/L=Nr/L—Np/L
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Warmup: massless QED

> Chiral magnetic effect

w R w L Chiral asymmetry
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> Chemical transport via chiral plasma instability — toyce shaposhnioviAkamatsu Yamamoro]
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Warmup: massless QED

> Chiral magnetic effect

w R w L Chiral asymmetry
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> Chemical transport via chiral plasma instability = teyce Shaposhnicov Akamatsu Yamamoto]

Chiral anomaly
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Standard Model & Hyper magnetic fields

> Chiral plasma instability in SM  [V.Domcke, K.Kamada, KM, K.Schmitz, M.Yamada 21 1 1.03082]
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Standard Model & Hyper magnetic fields

> Chiral plasma instability in SM
Right-handed Left-handed
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Approximate conserved charges in SM
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Standard Model & Hyper magnetic fields

> Chiral plasma instability in SM
Right-handed Left-handed

g Y gi Y
eR 1 —1 ¢y 2 -—1/2
ur 3 2/3 qr. 6 1/6
dp 3 -1/3
Approximate conserved charges in SM
_;__I_meak; sph.
S;tmng Splél' decohpled éequil.
___l_gu ___l_E;uon ___[:_&ECU'OII
T R TR
df__ bottfom ___I;_s?[ranée_é_l_czwn

1017 10> 108 10'! 10° 107 10° 10°
T [GeV]

[V.Domcke, K.Kamada, KM, K.Schmitz, M.Yamada 2111.03082]

Hyper electric current along By
ay
Jy = 7#51/31/

IUSY:ZGigiYizui w/ €; =+ for R/L
I

e« T<10°GeV  psy =0 = no instability!

e 10°GeV<T<10°GeV electron Yukawa decoupled

71 l,ue + 237HAe — 52,LLB_L

M5y = 181
g2
Y ~
6 .]eR = — 167[2 B,LLVBHV



Standard Model & Hyper magnetic fields

> Chiral Plasma instability in SM  [V.Domcke, K.Kamada, KM, K.Schmitz, M.Yamada 21 11.03082]

Right-handed Left-handed Hyper electric current along By
a
g Y g Y Jy = —Y,USYBY
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Baryogenesis from Decaying Helicity
> Chemical transport @ 10° GeV >T > 102 GeV
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Baryogenesis from Decaying Helicity
> Chemical transport @ 10° GeV >T > 102 GeV
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Baryogenesis from Decaying Helicity
> Chemical transport @ 10° GeV >T > 102 GeV

CPl LAhy A Ahy Aq
2n Sy e electron Yukawa equil. o i
@T < 105 GeV | y
”mma-w_s‘b 2--- e". Sphaleron
%---Aqy 'Washout

» Chemical transport @ electroweak crossover  fuis ki 160202109
amada, Long :

- Sphaleron washout v.s. Decaying helicity hyA &
111 3 , Ahy .4
Gan = —3—4FWSqB + 5 (g% + g‘;}) Sin (29) (6779) W ~Q‘OJ‘J‘OL
/ Mgph (T) X 0,7 hy b v VT
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Baryon overproduction! | Nem
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Sphaleron washout factor



Primordial chiral asymmetries in SM?

Weak sphaleron equilibrated

I

102ev 10'* GeV
Ul)p .. JHTs
MU(DB r Ug,-z, UM)p,-1,

> Conserved charges & Observed baryon asymmetry!?

Leptogenesis  Yp=—VYp_| w——fp Y5_rl7>7,, <2.5%x 107"

Ideal gas

: - (Yp-r, + Y, r,)_. <9x107°
Leptoflavorgenesis Yp=0.03) v, Ya, ey ( 1 )T/Tsp
f

(YLe—Lu — YLM_LT)TzTSp <2.4x107°

Non-eq = Hyper magnetogenesis via chiral plasma inst.
3C¥Y Ahy 3Ye YAe

‘ HA —3
YB =€ = o= m-w-w-* s ¢ <10
f S 2 \ 2 | Tep>105GeV \ 2 | Tep>105Gev T |7~10°Gev
Decaying hy chiral anomaly of er chiral plasma instability To avoid baryon overproduction!



