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‣ Flat potential v.s. Couplings to visible sector

‣ Efficient helical-gauge field production by                . ú¡ 6= 0
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➡ (Pre)Reheating, chiral GWs, baryogenesis, magnetogenesis,…
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- Flatness protected by the shift sym.

- Reheating via the CS coupling



Kyohei Mukaida

Introduction
Coupling to the SM Gauge Group ?

 4

U(1)Y

‣ Production of matters charged under the SM gauge group.
- B+L asymmetry generation via the SM chiral anomaly

!= 0
- Pair production via the Schwinger effect
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➡ Does Baryon/Lepton asymmetry survive?
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Baryogenesis from B+L asymmetry?
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+ Sphaleron freezes out
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Fermion Production
Fermion Production in BY ∥ EY V.Domcke and KM 1806.08769

‣ ABJ anomaly from Lowest Landau Level (n=0)

‣ Schwinger pair-production from Higher ones (n=1,2,…)
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‣ Backreaction suppresses gauge field

Implications on Axion Inflation
V.Domcke and KM 1806.08769
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¥

<latexit sha1_base64="hvQxPJXzW71SoY8QSfx0ZAEjkGM="></latexit>

°3
4
ÆY

º
¢hY

<latexit sha1_base64="hBZQatwz0SM2sbB14k531XXbX6c="></latexit>

°3
4
ÆY

º
¢hY

<latexit sha1_base64="hBZQatwz0SM2sbB14k531XXbX6c="></latexit>

! !
3
4

" Y

#
! hY

<latexit sha1_base64="LB9Kfy/r+DmcWRlWotY39wIRAbE="></latexit>

2.

3.

4.

+
3

4

! Y

"
! hY

<latexit sha1_base64="d5sHRPftePYA/jEbAzuElRHYvn0="></latexit>

⊿ hY is converted to U(1)em
+ Sphaleron freezes out



Kyohei Mukaida  16

Avoid Chiral Plasma Instability
‣ Survival of Qe from Sphaleron + Yukawa washout

‣ Chiral Plasma Instability (CPI) as inverse process

Survival of Helical Gauge Field
V.Domcke, B.Harling, E.Morgante, KM 
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ḣY ° 711

481
! Ye qe

<latexit sha1_base64="iawIxnrbbuhZVM99Rn6Ks3/QMUE="></latexit>



Kyohei Mukaida  18

‣ Chiral Magneto Hydro Dynamics (ChMHD)

Avoid Magnetic Diffusion
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Inverse 
cascade T̂t ª vrhT̂rh
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‣ Chiral Magneto Hydro Dynamics (ChMHD)

Avoid Magnetic Diffusion
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- Transfer from short to long wave length.
- Approximate conservation of hY.
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Baryogenesis from B+L asymmetry?
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‣ Transport equation @ EW Crossover
Baryogenesis from Decaying Helicity

Regeneration of Baryon Asym.

- Slowest processes: EW sphaleron & Decaying helicity
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ŝ
'

∑
34

111

µ
1+ Æ2

ÆY

∂
H

°W,sph
f
°
µ, T̂

¢∏

TEW

3ÆY

4º
¢ĥY
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Viable parameters for Baryogenesis
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- Huge uncertainties from lattice 
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Summary
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Viable parameters for Baryogenesis
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Viable parameters for Baryogenesis
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- Huge uncertainties from lattice 
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‣ “Lightness” protected by the shift symmetry (classically):

‣ Efficient helical-gauge field production by                . ú¡ 6= 0
! !" ! + c

➡ axion inflation, relaxion, chiral GWs, baryogenesis, magnetogenesis,…
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Subtleties for
‣ No Landau levels, but we can still play the same game…

‣ The spectrum is different between the initial and final states.

➡ Need to include the contributions from vacuum not only normal ordering.

Figure 1: Left panel : Dispersion relation for the left-handed fermion. One mode, ! = (! 1), crosses the zero energy while the

other three modes are gapped. Right panel : Dispersion relation for the right-handed fermion. It is obtained from ßipping

the sign of the energy for the left-handed fermion.

Þnd the dispersion relations:

" (+1)
L/R = "

!
k +

f

2

"
, (2.29)

" (! 1)
L/R = ±

!
k !

f

2

"
, (2.30)

" (0;1)
L/R = "

! #
k2 + f 2 !

f

2

"
, (2.31)

" (0;2)
L/R = ±

! #
k2 + f 2 +

f

2

"
. (2.32)

corresponding to four states at any given value of k for each chirality, as expected for a fermion doublet.

Here the (Þrst argument of the) superscript indicates the eigenvalue of the total spin in the z-direction,

i.e., (s+ m)/2. To obtain Eq. ( 2.31) and (2.32), we have diagonalized Eq. ( 2.28) by the rotation matrix O
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The dispersion relation is also shown in Fig. 1. There is one mode which smoothly connects the

negative and positive energy states while the other three modes are gapped. The vacuum state is ob-

tained by Þlling the negative energy states, corresponding to the Dirac sea. We can expand the resulting
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Figure 1: Left panel : Dispersion relation for the left-handed fermion. One mode, ! = (! 1), crosses the zero energy while the

other three modes are gapped. Right panel : Dispersion relation for the right-handed fermion. It is obtained from flipping

the sign of the energy for the left-handed fermion.
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negative and positive energy states while the other three modes are gapped. The vacuum state is ob-

tained by filling the negative energy states, corresponding to the Dirac sea. We can expand the resulting
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How does Induced Current look like?
‣ Weak electromagnetic field in thermalized plasma

- No magnetic mass for transverse mode of  Abelian gauge field.

- This expression holds if energy by acceleration ≪ temperature

‣ Strong electromagnetic field ?
- Estimate the current operator for the accelerated energy ≫ temperature

ĴY = æ̂Y ÊY + 2ÆY
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i.e., Generalized Ohm’s law (neglecting velocity field)
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Chiral Plasma Instability
Chiral Plasma Instability
‣ Equation for Magnetic Helicity
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‣ Mode equation
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Scaling in Turbulent & Viscous Regimes

Kinetic Reynolds #
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