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Cosmic Inflation v.s. Baryon Asymmetry
‣ Inflation: accelerated expansion of Universe

- Solve horizon/flatness problems + Provide density perturbations.

- Dilute unwanted relics, but also baryons.

‣ Baryon asymmetry of the Universe (BAU)

- Baryon to photon ratio → 

➡ Baryogenesis (i.e., production of BAU) after inflation
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Sakharov’s conditions
‣ Conditions on Hamiltonian (H) and state (ρ)

- Violation of Baryon charge

Heisenberg eq.
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Q̇B = i [H ,QB ]
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Sakharov’s conditions

- Violation of Baryon charge

- Violation of C and CP

Heisenberg eq.
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<latexit sha1_base64="aBOOhSrDl69qX1sR0MpT/syFBts="></latexit>

[H ,QB ] 6= 0
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‣ Conditions on Hamiltonian (H) and state (ρ)
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Sakharov’s conditions

- Violation of Baryon charge

- Violation of C and CP

- Departure from thermal equilibrium

Heisenberg eq.
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Sakharov’s conditions

✓Violation of Baryon charge

• Violation of C and CP

Heisenberg eq.
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- Departure from thermal equilibrium

‣ Conditions on Hamiltonian (H) and state (ρ)
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Sakharov’s conditions

✓Violation of Baryon charge

Heisenberg eq.
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‣Chiral anomaly

Baryon # SU(2)w
Chern-Simons

E

Msph

B = b0−Nf

L = l0−Nf

B = b0

L = l0

B = b0+Nf

L = l0+Nf

[A,ϕ ][Asph, ϕsph ]

Figure 1.1: A Schematic behavior of the energy dependence on the configuration of
the gauge and Higgs fields [A(x),ϕ(x) ] [6]. The minima correspond to topologically
distinct vacua with different baryon (B) and lepton (L) numbers. The configuration
[Asph(x), ϕsph(x) ] represents the saddle point of the energy functional, the sphaleron
solution.

to the next vacuum (B = b0 ± Nf and L = l0 ± Nf) occurs at the rate [6]

Γ = C(T ) T exp

(

−
Msph(T )

T

)

, (1.5)

where dimensionless factor C(T ) depends on the ratio v(T )/T and the coupling constants.4

Msph(T ) represents the free energy of the sphaleron configuration (at temperature T ),

which is given by [31]

Msph(T ) = 4πB(T )
v(T )

g2(T )
, (1.6)

where B(T ) depends on the gauge coupling g2(T ) and the 4-point coupling constant of

the Higgs potential λ(T ) as B = B(λ/g2
2), varying from 1.5 (λ/g2

2 → 0) to 2.7 (λ/g2
2 →

∞) [31]. The rate in Eq. (1.5) should be compared with the Hubble expansion rate

H = (π2g∗/90)1/2 × T 2/MG. (MG = 2.4× 1018 GeV is the reduced Planck scale and g∗ is

defined in Appendix B.2.) Then, it is found that the sphaleron rate in Eq. (1.5) indeed

exceeds the Hubble expansion rate for T > T∗, where T∗ is given by

T∗ % 4πB(T∗)
v(T∗)

g2(T∗)
×
[
ln
(

MG

T∗

)]−1

. (1.7)

4See comments below.
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‣ Conditions on Hamiltonian (H) and state (ρ)

- Instanton @ vacuum
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- Weak sphaleron at high T
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[See e.g., Boedeker, Buchmuller 2009.07294]
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Weak sphaleron & Baryogenesis

<latexit sha1_base64="6rj5/YDyAOw9RrG0Ovvrx6txX1g="></latexit>

102 GeV
<latexit sha1_base64="/Jrqsxa5kA9pWD9pPqYLTBjAJ2Q="></latexit>

U(1)B
<latexit sha1_base64="/Jrqsxa5kA9pWD9pPqYLTBjAJ2Q="></latexit>

U(1)B

<latexit sha1_base64="zBSQgXMql1gBn93FjFVN+4Eosqg="></latexit>

T
<latexit sha1_base64="4+niDDyg6QDlgd3u6fur5ouWY6k="></latexit>

1012 GeV

EWPT
Weak sphaleron equilibrated

<latexit sha1_base64="PfSggib39feIrJRfJkSR4iFKBuU="></latexit>

Tr
n

e
°ØH

QB

o
= Tr

n
C PTe

°ØH
C PT

°1
C PTQBC PT

°1
o

=°Tr
n

e
°ØH

QB

o
= 0



Kyohei Mukaida

Introduction

10

Weak sphaleron & Baryogenesis

‣ Electroweak Baryogenesis
- We need a new source of CP violation & strong EWPT
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Weak sphaleron & Baryogenesis
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‣ Electroweak Baryogenesis
- We need a new source of CP violation & strong EWPT

EWPT
Weak sphaleron equilibrated

Nonzero QB-L 

allows nonzero QB

Sakharov’s conditions 
should be applied to B-L!

[Kuzmin, Rubakov, Shaposhnikov]
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Weak sphaleron & Baryogenesis
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‣ Electroweak Baryogenesis
- We need a new source of CP violation & strong EWPT

EWPT
Weak sphaleron equilibrated

‣ Leptogenesis (B-L genesis)
- Out-of-equil. CPV decay of the lightest Majorana RHν
- Neutrino mass ← Right-handed Majorana neutrino <latexit sha1_base64="FPFyGWx0ojR8749BRJdj6V8Vr9M="></latexit>+1
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ν-Yukawa Majorana mass

Sakharov’s conditions 
should be applied to B-L!

Nonzero QB-L 

allows nonzero QB

[Fukugita, Yanagida Phys.Lett.B 174 (1986)]
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Weak sphaleron & Baryogenesis
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Nonzero leptonflavor Q
allows nonzero QB

‣ Leptogenesis (B-L genesis) [Fukugita, Yanagida Phys.Lett.B 174 (1986)]
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- Out-of-equil. CPV decay of the lightest Majorana RHν
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Chemical equilibrium in the early Universe
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‣ What is the conversion factors from QC to QB?
- Leptogenesis ← chemical transport under ideal gas apprx.

- Leptoflavorgenesis ← chemical transport beyond ideal gas apprx.

Nonzero QC 

allows nonzero QB

?
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Chemical equilibrium

w/
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‣ The standard conversion factor of B-L into B.

Chemical equilibrium @ LO

Chemical equilibrium

w/

- Ideal gas approximation (i.e., LO)

e.g., electron
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‣ The conversion factor into B beyond ideal gas

Chemical equilibrium beyond ideal gas

Chemical equilibrium

w/
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- Thermodynamic potential w/ lepton Yukawa corrections
Pressure as a grand potential
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‣ The conversion factor into B beyond ideal gas

Chemical equilibrium beyond ideal gas

Chemical equilibrium
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- Thermodynamic potential w/ lepton Yukawa corrections
Pressure as a grand potential
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qB = @p
@µB

ØØØØ
µB+L=0,qY =0

, q¢ f =
@p
@µ¢ f

ØØØØØ
µB+L=0,qY =0

Send μB+L to zero at the end of computation

<latexit sha1_base64="6OQZ9zt9p/TI5un9B6N8f/2rFXk="></latexit>

w/ µB =µB+L +
X

f
µ¢ f /3, µL f =µB+L °µ¢ f

<latexit sha1_base64="HWuB2Lg2sk0bxZm+wW2DVR1kMZU="></latexit>

Ω0 = 1
Z

e
°Ø

≥
H°P

f µ¢ f
Q¢

f
°µY QY °µB+LQB+L

¥

<latexit sha1_base64="ZSSh+4ka2EL9MPJobmBL35JU/fY="></latexit>

°µY QY °µBQB °
X

f
µL f QL f
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‣ The conversion factor into B beyond ideal gas

Chemical equilibrium beyond ideal gas

Chemical equilibrium

<latexit sha1_base64="sD7jyxN12IbEgfohyOcNXnGGvdk="></latexit>

p ¥ T ln Z
V

! q• =
hQ•i

V
= @p
@µ•

- Thermodynamic potential w/ lepton Yukawa corrections
Pressure as a grand potential

<latexit sha1_base64="jvk2lQPLM4Oa9QOPbIUraFxMLCU="></latexit>

qB = @p
@µB

ØØØØ
µB+L=0,qY =0

, q¢ f =
@p
@µ¢ f

ØØØØØ
µB+L=0,qY =0

<latexit sha1_base64="KPSv6g9+As32DRObdt02UO253xk="></latexit>

p =1
3
µ2

B T 2 + 1
4

X
Æ
µ2

LÆT 2 + 1
3

µ
µB °

X
Æ
µLÆ

∂
µY T 2 + 11

12
µ2

Y T 2 ° 1
16º2

T 2

2

X
Æ

y2
eÆ

≥
°3µY µLÆ +2µ2

LÆ

¥

lepton Yukawa correctionsIdeal gas approximation

Send μB+L to zero at the end of computation

<latexit sha1_base64="6OQZ9zt9p/TI5un9B6N8f/2rFXk="></latexit>

w/ µB =µB+L +
X

f
µ¢ f /3, µL f =µB+L °µ¢ f

<latexit sha1_base64="HWuB2Lg2sk0bxZm+wW2DVR1kMZU="></latexit>

Ω0 = 1
Z

e
°Ø

≥
H°P

f µ¢ f
Q¢

f
°µY QY °µB+LQB+L

¥

Laine, Shaposhnikov 9911473

KM, K.Schmitz, M.Yamada 2111.03082

<latexit sha1_base64="ZSSh+4ka2EL9MPJobmBL35JU/fY="></latexit>

°µY QY °µBQB °
X

f
µL f QL f

<latexit sha1_base64="MKDQIfNv9nJJGu+6ywA4UV4ihuU="></latexit>

qB '
∑

28
79

+O (y2
e f

)
∏X

f
q¢ f +

47
632º2

X

f
y2

e f
q¢ f

<latexit sha1_base64="0xh1qIgFVgaaiNM2KlvX83wfsUg="></latexit>yeÆ
<latexit sha1_base64="0xh1qIgFVgaaiNM2KlvX83wfsUg="></latexit>yeÆ
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Chemical equilibrium

- Baryon charge from lepton-flavor charge

<latexit sha1_base64="3m+SXqKpo3AEBdpgRHcLD2rb2uc="></latexit>

qB '
∑

28
79

+O (y2
e f

)
∏X

f
q¢ f +

47
632º2

X

f
y2

e f
q¢ f

[KM, K.Schmitz, M.Yamada 2111.03082]

Chemical equilibrium beyond ideal gas
‣ The conversion factor into B beyond ideal gas

Send μB+L to zero at the end of computation

<latexit sha1_base64="6OQZ9zt9p/TI5un9B6N8f/2rFXk="></latexit>

w/ µB =µB+L +
X

f
µ¢ f /3, µL f =µB+L °µ¢ f

<latexit sha1_base64="HWuB2Lg2sk0bxZm+wW2DVR1kMZU="></latexit>

Ω0 = 1
Z

e
°Ø

≥
H°P

f µ¢ f
Q¢

f
°µY QY °µB+LQB+L

¥

Corrections from Higgs VEV

<latexit sha1_base64="ZSSh+4ka2EL9MPJobmBL35JU/fY="></latexit>

°µY QY °µBQB °
X

f
µL f QL f
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Chemical equilibrium

- Baryon charge from lepton-flavor charge [KM, K.Schmitz, M.Yamada 2111.03082]

Chemical equilibrium beyond ideal gas
‣ The conversion factor into B beyond ideal gas

Send μB+L to zero at the end of computation

<latexit sha1_base64="6OQZ9zt9p/TI5un9B6N8f/2rFXk="></latexit>

w/ µB =µB+L +
X

f
µ¢ f /3, µL f =µB+L °µ¢ f

<latexit sha1_base64="HWuB2Lg2sk0bxZm+wW2DVR1kMZU="></latexit>

Ω0 = 1
Z

e
°Ø

≥
H°P

f µ¢ f
Q¢

f
°µY QY °µB+LQB+L

¥

Corrections from Higgs VEV
<latexit sha1_base64="OLCA7kJi0mjk34D5UETHJVwZhxI="></latexit>

qB '
∑

28
79

+O (y2
e f

)
∏X

f
q¢ f +

1034+2473x2
Sp +792x4

Sp

16º2
≥
869+333x2

Sp

¥
X

f
y2

e f
q¢ f

<latexit sha1_base64="wlS+HMEsa6RNavv/xbM2kGTQZKk="></latexit>

w/ xSp ¥ ¡

T

ØØØØ
Sphaleron dec.

' 1.3

<latexit sha1_base64="ZSSh+4ka2EL9MPJobmBL35JU/fY="></latexit>

°µY QY °µBQB °
X

f
µL f QL f
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Chemical equilibrium

- Baryon charge from lepton-flavor charge [KM, K.Schmitz, M.Yamada 2111.03082]

Chemical equilibrium beyond ideal gas
‣ The conversion factor into B beyond ideal gas

Send μB+L to zero at the end of computation
<latexit sha1_base64="ZSSh+4ka2EL9MPJobmBL35JU/fY="></latexit>

°µY QY °µBQB °
X

f
µL f QL f

<latexit sha1_base64="6OQZ9zt9p/TI5un9B6N8f/2rFXk="></latexit>

w/ µB =µB+L +
X

f
µ¢ f /3, µL f =µB+L °µ¢ f

<latexit sha1_base64="HWuB2Lg2sk0bxZm+wW2DVR1kMZU="></latexit>

Ω0 = 1
Z

e
°Ø

≥
H°P

f µ¢ f
Q¢

f
°µY QY °µB+LQB+L

¥

Corrections from Higgs VEV
<latexit sha1_base64="OLCA7kJi0mjk34D5UETHJVwZhxI="></latexit>

qB '
∑

28
79

+O (y2
e f

)
∏X

f
q¢ f +

1034+2473x2
Sp +792x4

Sp

16º2
≥
869+333x2

Sp

¥
X

f
y2

e f
q¢ f

<latexit sha1_base64="wlS+HMEsa6RNavv/xbM2kGTQZKk="></latexit>

w/ xSp ¥ ¡

T

ØØØØ
Sphaleron dec.

' 1.3
<latexit sha1_base64="QtMT9eTDu5+tCgPdEi8vxlMZxak="></latexit>

0.03

Current baryon density w/ B-L = 0
<latexit sha1_base64="G1KY6ku8byksV8Fg5ofHbeVAB10="></latexit>

YB

9£10°11 '
y2
ø

10°4

YLe+Lµ°2Lø

9£10°5 +
y2
µ

3.7£10°7

YLe+Lø°2Lµ

2.4£10°2

➡ Relatively large asymmetry is needed to explain BAU.



Leptoflavorgenesis 
via cLFV

3.
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cLFV & Leptoflavorgenesis
<latexit sha1_base64="6rj5/YDyAOw9RrG0Ovvrx6txX1g="></latexit>

102 GeV

<latexit sha1_base64="/Jrqsxa5kA9pWD9pPqYLTBjAJ2Q="></latexit>

U(1)B
<latexit sha1_base64="/Jrqsxa5kA9pWD9pPqYLTBjAJ2Q="></latexit>

U(1)B

<latexit sha1_base64="zBSQgXMql1gBn93FjFVN+4Eosqg="></latexit>

T

<latexit sha1_base64="4+niDDyg6QDlgd3u6fur5ouWY6k="></latexit>

1012 GeV
EWPT

Leptoflavorgenesis via cLFV

Weak sphaleron equilibrated

<latexit sha1_base64="6DuCEpT+KTikZsDESt3FELTvOBw="></latexit>

U(1)L f °L f 0 Sakharov’s conditions 
should be applied.

<latexit sha1_base64="Bzhosy/pnY+EE7natpySk/OuPdI="></latexit>

qB ' 0.03£
X

f
y2

e f
q¢ f

[KM, K.Schmitz, M.Yamada 2111.03082]
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cLFV & Leptoflavorgenesis
<latexit sha1_base64="6rj5/YDyAOw9RrG0Ovvrx6txX1g="></latexit>

102 GeV

<latexit sha1_base64="/Jrqsxa5kA9pWD9pPqYLTBjAJ2Q="></latexit>

U(1)B
<latexit sha1_base64="/Jrqsxa5kA9pWD9pPqYLTBjAJ2Q="></latexit>

U(1)B

<latexit sha1_base64="zBSQgXMql1gBn93FjFVN+4Eosqg="></latexit>

T

<latexit sha1_base64="4+niDDyg6QDlgd3u6fur5ouWY6k="></latexit>

1012 GeV

‣Equilibration of cLFV interactions

EWPT

cLFV equilibrated

Leptoflavorgenesis via cLFV

- E.g., μ to eγ

Weak sphaleron equilibrated

<latexit sha1_base64="6DuCEpT+KTikZsDESt3FELTvOBw="></latexit>

U(1)L f °L f 0
<latexit sha1_base64="6DuCEpT+KTikZsDESt3FELTvOBw="></latexit>

U(1)L f °L f 0

<latexit sha1_base64="5N5BC1BMBGPIK0TA2l1SL78JOOs="></latexit>

C f f 0
`∞

§2
vp
2

¯̀f æ
µv PR` f 0Fµv

✓ Current bound [Future prospect]

Sakharov’s conditions 
should be applied.

<latexit sha1_base64="Bzhosy/pnY+EE7natpySk/OuPdI="></latexit>

qB ' 0.03£
X

f
y2

e f
q¢ f

[KM, K.Schmitz, M.Yamada 2111.03082]

<latexit sha1_base64="CS3y46zLcdDihqBjTB4SvG2tv6s="></latexit>

§
q

Cµe
`∞

& 6.7£107 [1.0£108] GeV
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cLFV & Leptoflavorgenesis
<latexit sha1_base64="6rj5/YDyAOw9RrG0Ovvrx6txX1g="></latexit>

102 GeV

<latexit sha1_base64="/Jrqsxa5kA9pWD9pPqYLTBjAJ2Q="></latexit>

U(1)B
<latexit sha1_base64="/Jrqsxa5kA9pWD9pPqYLTBjAJ2Q="></latexit>

U(1)B

<latexit sha1_base64="zBSQgXMql1gBn93FjFVN+4Eosqg="></latexit>

T

<latexit sha1_base64="4+niDDyg6QDlgd3u6fur5ouWY6k="></latexit>

1012 GeV

‣Equilibration of cLFV interactions

EWPT

cLFV equilibrated

Leptoflavorgenesis via cLFV

- E.g., μ to eγ

Weak sphaleron equilibrated

<latexit sha1_base64="6DuCEpT+KTikZsDESt3FELTvOBw="></latexit>

U(1)L f °L f 0
<latexit sha1_base64="6DuCEpT+KTikZsDESt3FELTvOBw="></latexit>

U(1)L f °L f 0

<latexit sha1_base64="5N5BC1BMBGPIK0TA2l1SL78JOOs="></latexit>

C f f 0
`∞

§2
vp
2

¯̀f æ
µv PR` f 0Fµv

<latexit sha1_base64="CPNPZgVg+HFgqKCb+rzk3gtg0SI="></latexit>

2C f f 0
`W
§2 L†

L f æ
µv eR f 0Wµv©

<latexit sha1_base64="hiYzIxdgPXa1EPLXJyUOAhBy69s="></latexit>

C f f 0
`B
§2 L†

L f æ
µv eR f 0Bµv©

EWPT

✓ Current bound [Future prospect]

Sakharov’s conditions 
should be applied.

<latexit sha1_base64="Bzhosy/pnY+EE7natpySk/OuPdI="></latexit>

qB ' 0.03£
X

f
y2

e f
q¢ f

[KM, K.Schmitz, M.Yamada 2111.03082]

<latexit sha1_base64="CS3y46zLcdDihqBjTB4SvG2tv6s="></latexit>

§
q

Cµe
`∞

& 6.7£107 [1.0£108] GeV
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cLFV & Leptoflavorgenesis
<latexit sha1_base64="6rj5/YDyAOw9RrG0Ovvrx6txX1g="></latexit>

102 GeV

<latexit sha1_base64="/Jrqsxa5kA9pWD9pPqYLTBjAJ2Q="></latexit>

U(1)B
<latexit sha1_base64="/Jrqsxa5kA9pWD9pPqYLTBjAJ2Q="></latexit>

U(1)B

<latexit sha1_base64="zBSQgXMql1gBn93FjFVN+4Eosqg="></latexit>

T

<latexit sha1_base64="4+niDDyg6QDlgd3u6fur5ouWY6k="></latexit>

1012 GeV

‣Equilibration of cLFV interactions

EWPT

cLFV equilibrated

Leptoflavorgenesis via cLFV

- E.g., μ to eγ

Weak sphaleron equilibrated

<latexit sha1_base64="6DuCEpT+KTikZsDESt3FELTvOBw="></latexit>

U(1)L f °L f 0
<latexit sha1_base64="6DuCEpT+KTikZsDESt3FELTvOBw="></latexit>

U(1)L f °L f 0

<latexit sha1_base64="5N5BC1BMBGPIK0TA2l1SL78JOOs="></latexit>

C f f 0
`∞

§2
vp
2

¯̀f æ
µv PR` f 0Fµv

<latexit sha1_base64="CPNPZgVg+HFgqKCb+rzk3gtg0SI="></latexit>

2C f f 0
`W
§2 L†

L f æ
µv eR f 0Wµv©

<latexit sha1_base64="hiYzIxdgPXa1EPLXJyUOAhBy69s="></latexit>

C f f 0
`B
§2 L†

L f æ
µv eR f 0Bµv©

EWPT

✓ Current bound [Future prospect]
<latexit sha1_base64="qxhfQDXRHygwYVRJo0pMrRc8s9Y="></latexit>

T dec
`∞ ª 3£104 GeV

√
§/

p
C`∞

108 GeV

!4/3
✓ Decoupling temperature of cLFV

Sakharov’s conditions 
should be applied.

<latexit sha1_base64="Bzhosy/pnY+EE7natpySk/OuPdI="></latexit>

qB ' 0.03£
X

f
y2

e f
q¢ f

<latexit sha1_base64="Yw1ZRGkU3TRKqdf1NtbvJKWvBJk="></latexit>

T dec
`∞

[KM, K.Schmitz, M.Yamada 2111.03082]

<latexit sha1_base64="CS3y46zLcdDihqBjTB4SvG2tv6s="></latexit>

§
q

Cµe
`∞

& 6.7£107 [1.0£108] GeV
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cLFV & Leptoflavorgenesis
<latexit sha1_base64="6rj5/YDyAOw9RrG0Ovvrx6txX1g="></latexit>

102 GeV

<latexit sha1_base64="/Jrqsxa5kA9pWD9pPqYLTBjAJ2Q="></latexit>

U(1)B
<latexit sha1_base64="/Jrqsxa5kA9pWD9pPqYLTBjAJ2Q="></latexit>

U(1)B

<latexit sha1_base64="zBSQgXMql1gBn93FjFVN+4Eosqg="></latexit>

T

<latexit sha1_base64="4+niDDyg6QDlgd3u6fur5ouWY6k="></latexit>

1012 GeV

‣Equilibration of cLFV interactions

EWPT

cLFV equilibrated

Leptoflavorgenesis via cLFV

- E.g., μ to eγ

Weak sphaleron equilibrated

<latexit sha1_base64="6DuCEpT+KTikZsDESt3FELTvOBw="></latexit>

U(1)L f °L f 0
<latexit sha1_base64="6DuCEpT+KTikZsDESt3FELTvOBw="></latexit>

U(1)L f °L f 0

<latexit sha1_base64="5N5BC1BMBGPIK0TA2l1SL78JOOs="></latexit>

C f f 0
`∞

§2
vp
2

¯̀f æ
µv PR` f 0Fµv

<latexit sha1_base64="CPNPZgVg+HFgqKCb+rzk3gtg0SI="></latexit>

2C f f 0
`W
§2 L†

L f æ
µv eR f 0Wµv©

<latexit sha1_base64="hiYzIxdgPXa1EPLXJyUOAhBy69s="></latexit>

C f f 0
`B
§2 L†

L f æ
µv eR f 0Bµv©

EWPT

✓ Current bound [Future prospect]
<latexit sha1_base64="qxhfQDXRHygwYVRJo0pMrRc8s9Y="></latexit>

T dec
`∞ ª 3£104 GeV

√
§/

p
C`∞

108 GeV

!4/3
✓ Decoupling temperature of cLFV

Observation of cLFV opens up new baryogenesis @ T > 104 GeV !

Sakharov’s conditions 
should be applied.

<latexit sha1_base64="Bzhosy/pnY+EE7natpySk/OuPdI="></latexit>

qB ' 0.03£
X

f
y2

e f
q¢ f

<latexit sha1_base64="Yw1ZRGkU3TRKqdf1NtbvJKWvBJk="></latexit>

T dec
`∞

[KM, K.Schmitz, M.Yamada 2111.03082]

<latexit sha1_base64="CS3y46zLcdDihqBjTB4SvG2tv6s="></latexit>

§
q

Cµe
`∞

& 6.7£107 [1.0£108] GeV
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cLFV & Leptoflavorgenesis
<latexit sha1_base64="6rj5/YDyAOw9RrG0Ovvrx6txX1g="></latexit>

102 GeV

<latexit sha1_base64="/Jrqsxa5kA9pWD9pPqYLTBjAJ2Q="></latexit>

U(1)B
<latexit sha1_base64="/Jrqsxa5kA9pWD9pPqYLTBjAJ2Q="></latexit>

U(1)B

<latexit sha1_base64="zBSQgXMql1gBn93FjFVN+4Eosqg="></latexit>

T

<latexit sha1_base64="4+niDDyg6QDlgd3u6fur5ouWY6k="></latexit>

1012 GeV

‣Concrete realization of leptoflavorgenesis via cLFV?

EWPT

cLFV equilibrated

Leptoflavorgenesis via cLFV

- E.g., μ to eγ

Weak sphaleron equilibrated

<latexit sha1_base64="6DuCEpT+KTikZsDESt3FELTvOBw="></latexit>

U(1)L f °L f 0
<latexit sha1_base64="6DuCEpT+KTikZsDESt3FELTvOBw="></latexit>

U(1)L f °L f 0 Sakharov’s conditions 
should be applied.

<latexit sha1_base64="Bzhosy/pnY+EE7natpySk/OuPdI="></latexit>

qB ' 0.03£
X

f
y2

e f
q¢ f

<latexit sha1_base64="CPNPZgVg+HFgqKCb+rzk3gtg0SI="></latexit>

2C f f 0
`W
§2 L†

L f æ
µv eR f 0Wµv©

<latexit sha1_base64="hiYzIxdgPXa1EPLXJyUOAhBy69s="></latexit>

C f f 0
`B
§2 L†

L f æ
µv eR f 0Bµv©

✓ Thermal leptoflavorgenesis

✓ Spontaneous leptoflavorgenesis
(Almost) any shift symmetric coupling can do the job!  E.g., 

<latexit sha1_base64="d0Q+xrSr3suzZqecuaUSmuCIH58="></latexit>

µALP@ · JeR , µALP Gµ∫G̃µ∫, · · ·

<latexit sha1_base64="Yw1ZRGkU3TRKqdf1NtbvJKWvBJk="></latexit>

T dec
`∞

✓ Wash-in leptoflavorgenesis

→ but, difficult to generate large asym.

[KM, K.Schmitz, M.Yamada 2111.03082]

✓ Affleck-Dine leptoflavorgenesis [J.March-Russell, H.Murayama, A.Riotto JHEP 11 (1999) 015]
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Leptoflavorgenesis via cLFV
<latexit sha1_base64="6rj5/YDyAOw9RrG0Ovvrx6txX1g="></latexit>

102 GeV

<latexit sha1_base64="/Jrqsxa5kA9pWD9pPqYLTBjAJ2Q="></latexit>

U(1)B
<latexit sha1_base64="/Jrqsxa5kA9pWD9pPqYLTBjAJ2Q="></latexit>

U(1)B

<latexit sha1_base64="zBSQgXMql1gBn93FjFVN+4Eosqg="></latexit>

T

<latexit sha1_base64="4+niDDyg6QDlgd3u6fur5ouWY6k="></latexit>

1012 GeV

‣ Observation of cLFV → leptoflavorgenesis @ decoupling TcLFV

EWPT

cLFV equilibrated

Conclusions

Weak sphaleron equilibrated

<latexit sha1_base64="6DuCEpT+KTikZsDESt3FELTvOBw="></latexit>

U(1)L f °L f 0
<latexit sha1_base64="6DuCEpT+KTikZsDESt3FELTvOBw="></latexit>

U(1)L f °L f 0 Sakharov’s conditions 
should be applied.

<latexit sha1_base64="Bzhosy/pnY+EE7natpySk/OuPdI="></latexit>

qB ' 0.03£
X

f
y2

e f
q¢ f

<latexit sha1_base64="Yw1ZRGkU3TRKqdf1NtbvJKWvBJk="></latexit>

T dec
`∞

‣ Lepton-flavor asymmetry is enough (no need for B-L).

‣ Large lepton-flavor asymmetry is required.
✓ QCD PT becomes the first order ? → gravitational wave? [Gao, Oldengott Phys.Rev.Lett. 128 (2022)]

✓ It can be effective at relative low T such as 104 GeV.

[KM, K.Schmitz, M.Yamada 2111.03082]

✓ Chiral plasma instabilities put constraints on τ-phobic case. [V.Domcke, K.Kamada, KM, K.Schmitz, M.Yamada 2208.03237]


