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Motivation

Axiogenesis (arXiv:1910.02080v2):

Mechanism of spontaneous baryogenesis through the axion kinetic misalignment 

PQ genesis: 

Mechanism of spontaneous baryogenesis through the axion kinetic misalignment 

including Seesaw mechanism
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PQ pole inflation (arXiv.2310.17710v2)
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After Spontaneous symmetry breaking 𝑈(1)𝐵−𝐿, B-L charge stored in the axial rotation
convert to the B-L charge for lepton (lepton asymmetry)
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Outline

• Leptogenesis driven by majoron (arXiv.2311.09005v2)

PQ genesis

After Spontaneous symmetry breaking 𝑈(1)𝐵−𝐿, B-L charge stored in the rotation of Majoron
convert to the B-L charge for lepton (lepton asymmetry)

After Spontaneous symmetry breaking 𝑈(1)𝑃𝑄, PQ charge stored in the rotation of axion

convert to the PQ charge for heavy quark and Right handed neutrino

Difference: For B-L charge, PQ complex field is neutral, so we just imposed B-L explicit breaking 
by considering Seesaw mechanism.

(For KSVZ)

Before SSB

After SSB



Outline

PQ pole inflation (arXiv.2310.17710v2)

Inflation can be driven by PQ field in the Einstein frame if PQ field is conformally coupled to 
gravity
Large non zero axial velocity (=PQ charge) was produced from PQ explicitly breaking potential
originated by Quantum gravity effect during inflation.

“PQ mechanism is the theory solves the Strong CP problem 
by causing axions to settle down into a QCD vaccum”



Cogenesis requirements
𝑇𝐵−𝐿 is decoupled temperature for B-L 
violation chemical interaction.

It depends on chemical equilibrium relations

𝑇𝐵−𝐿 =
𝑀𝑁

7.8
when 𝐾 =

𝛤(𝑇→0)

𝐻(𝑇=𝑀𝑁)
= 50

B-L violation interaction which is inverse 𝑁𝑅 decay 
occurs actively in wash-out regime

𝑌𝜃(𝑇𝑅𝐻)

conserve

conserve

𝑌𝐵(𝑇𝐵−𝐿)

Given non-zero 

For 𝑇𝐵−𝐿 ≤ 105GeV,
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𝑒𝑛𝑑 = 𝑛𝜃

𝑒𝑛𝑑(𝜁, 𝑛) ---------------------------------->  𝑌𝜃 = 𝑌𝜃 𝑇𝑅𝐻, 𝜁, 𝑛 = 𝑌𝐷𝑀(𝑓𝑎)

If axion is wave dark matter, then 𝑌𝜃 is uniquely fixed

By considering the above cogenesis conditions, we get the observed baryon asymmetry

(axion dark matter)

𝑀𝑁~10
3GeV  for 108𝐺𝑒𝑉 ≤ 𝑓𝑎 ≤ 109𝐺𝑒𝑉

For 𝑇𝐵−𝐿 ≤ 105GeV,
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If Cogenesis requirements are satisfied
in the PQ pole inflation scenario,

1.  horizon(flatness) problem
2. Baryon asymmetry
3. DM abundance
4. Strong CP problem

We can explain 4 problems!
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Set up
• We set the PQ fields with non-conformal gravitational interactions in the Jordan 

frame.

• In the Einstein frame, we consider the dynamics of PQ field 

For the conformal coupling, 

Weyl transformation
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Inflation is driven by 𝑽𝑷𝑸, PQ conserving potentialSetting:

Inflation occurs 
at the pole

𝑉𝑃𝑄 > 𝑉𝑃𝑄𝑉 ,

During inflation,
It breaks 𝑈(1)𝑃𝑄 explicitly, and it 

gives large Axial velocity

Net non zero PQ charge

Set up
Weyl transformation

If , Canonical normalization:



Inflation model constraints
We consider the case

At the end of inflation, Inflation occurs 
at the pole

CMB normalizationSlow-roll inflation

When N=60,

𝑛𝑠 ≅ 0.9654 + 0.0001 𝜁−1

𝑟 ≅ 0.00333

𝝀𝝓 depends on 𝜻



For KSVZ model, there is only one heavy quark charged under 𝑈(1)𝑃𝑄

(EDM bound)

Axion quality problem

𝑈(1)𝑃𝑄 shift symmetry,  ҧ𝜃 → ҧ𝜃 +
𝑎

2𝑓𝑎

𝑉𝑃𝑄𝑉(𝜙, 𝜃) may be able to 

shift QCD vacuum



Upper bound of initial velocity

At the end of inflation, axial velocity is 

If 𝜆𝑛 is too large, it may violate EDM bound or inflation from PQ conserving potential

Condition from Inflation dominantly driven by 𝑽𝑷𝑸
It is stronger than EDM bound



Post-inflationary evolution
Canonical normalization

Potential with canonical normalized field

PQ violation terms are 
suppressed after end of 
inflation 𝜙 ≪ 𝑀𝑝



Inflaton condensation 

m=1 => quadratic potential

m=2 => quartic potential

The amplitude of the 
inflaton oscillation

Periodic function

Inflaton energy



Reheating
Initial condition

PQ pole inflation in KSVZ model:

m=1

m=2

Reheating condition: 𝜌𝜙 ≅ 𝜌𝑅

K=4

K=2 𝜙 → ത𝑄𝑄 is Kinematically allowed

If (𝐸𝜙 = 𝑤𝑛) > (𝑚𝑄 𝑡 =
𝑦𝑄

2
𝜙 𝑡 ) during one oscillation,

𝑚𝑄(𝑡)=
𝑦𝑄

2
𝜙(𝑡)

𝐸𝜙 > 𝑚𝑄 𝑡 is always satisfied

𝐸𝜙 > 𝑚𝑄 𝑡 is only 

satisfied around 𝜙 ≅ 0

𝛤𝜙=𝛤 𝜙 → ത𝑄𝑄 + 𝛤 𝜙 → ഥ𝑁𝑁
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Reheating

PQ pole inflation in KSVZ model:

Reheating condition: 𝜌𝜙 ≅ 𝜌𝑅

K=4

K=2

𝛤𝜙=𝛤 𝜙 → ത𝑄𝑄 + 𝛤 𝜙 → ഥ𝑁𝑁

𝑦𝑄 is free parameter 𝑦𝑁 is uniquely determined 
from cogenesis condition

K=2 K=4

𝑦𝑐𝑦𝑁

Orange Region

Blue Region



is upper bounded from 
1. axion quality problem
2. Inflation is driven by 𝑉𝑃𝑄 (                  )

Evolution of axion velocity

(axion dark matter)

𝑉𝑃𝑄 > 𝑉𝑃𝑄𝑉

∴ 𝑌𝜃 ≅ 40 ∙
𝑓𝑎

109𝐺𝑒𝑉



𝜁 > 1 ↔ ln ∧ < 18.38


