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DFSZ axion
SM fermions have PQ charges

→experimentally attractive!

Photon coupling Electron coupling Neutron coupling



Energy

𝐻𝑖𝑛𝑓

PQ symmetry scale… 𝑓𝑎

Post-inflationary scenario



Domain wall problem for 𝑁𝐷𝑊 ≥ 2

When (more than) two vacuum degenerate, DW arises.

The energy density of DW is

𝜌𝐷𝑊 ≃
𝜎

𝑡

𝜎 is DW tension

The energy density of radiation is

𝜌𝑟𝑎𝑑 ≃
𝑀𝑝𝑙

2

𝑡2

DW eventually dominates the universe unless they collapse.



𝑉 𝑎1, 𝑎2 = Λ4 1 − cos 𝑛11𝑎1 + 𝑛12𝑎2 + Λ′4 1 − cos 𝑛21𝑎1 + 𝑛22𝑎2

𝑁𝐷𝑊 ≡ 𝑛11𝑛22 − 𝑛12𝑛21

When 𝑁𝐷𝑊 = 1, the scenario is safe !

Axion-ALP potential

DFSZ

additional



One generation

𝐻𝑖𝑛𝑓

𝑓𝑎 , 𝑓𝜙 𝑈 1 𝑃𝑄 , 𝑈 1 𝑆 is broken

→cosmic string is generated

Inflation ends

Λ′ ALP potential is generated
→string bundle is formed and decays soon.

Λ QCD axion potential is generated.



More than One generation

𝐻𝑖𝑛𝑓

𝑓𝑎 , 𝑓𝜙 𝑈 1 𝑃𝑄 , 𝑈 1 𝑆 is broken

→cosmic string is generated

Inflation ends

Λ′ ALP potential is generated
→string-wall network is formed.

Λ QCD axion potential is generated, and the 
network decays due to the bias.

PTA/Nanograv…possible
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