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Electroweak axion string and superconductivity

1. Introduction

DFSZ axion model: two Higgs doublets + singlet scalar

• provides QCD axion resolving strong CP. ( NGB of  ) .U(1)PQ

We found a novel type of axion string, which has 
a special property, superconductivity.

H1 H2 S

SU(2)W 2 2 1

U(1)Y 1 1 0

U(1)PQ X1 X2 Xs

Table 1: The scalar field contents and their quantum charges.

DFSZ model. As a consequence, the strings feel a large magnetic interaction, which can

overcome the one from the axion exchange. Therefore, superconductivity could drastically

change the cosmological scenario of the axion strings after the electroweak phase transition

in the DFSZ model.

The rest of this paper is organized as follows. In Sec. 2, the DFSZ axion model is

reviewed and our notation is introduced. For later use, we present a definition of the

U(1)EM in general soliton backgrounds. In Sec. 3, after a brief review of the conventional

axion string, we discuss the electroweak axion strings. There are at least three types of

the electroweak axion strings (type-A, B and C). We compare the tensions of the strings.

In Sec. 4, we show that the type-C string can be superconducting. A linearized equation

of motion for massless zero modes traveling on the string is presented. In addition, we

estimate the maximum amount of the supercurrent flowing on the string to be of order of

the U(1)PQ breaking scale. Sec. 5 is devoted to the conclusion. In Appendix. A, we present

the derivation of the linearized equation used in Sec. 4.

2 The model

2.1 DFSZ axion model

The particle contents and the charge assignments under the SM gauge group and the

U(1)PQ are shown in Tab. 1. We introduce a SM-singlet complex scalar S and two SU(2)W
doublets, H1 and H2, both with the hypercharge Y = 1. The Lagrangian which describes

the electroweak and scalar sectors is written as
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Here, Yµ⌫ and W
a
µ⌫ describe field strength tensors of the hypercharge and weak gauge

interactions, respectively, with µ (⌫) and a being Lorentz and weak iso-spin indices, re-

spectively. Dµ represents the covariant derivative acting on the Higgs fields, and the index

i runs i = 1, 2. The scalar potential V (H1, H2, S) being invariant under the charge assign-

ments of Tab. 1 is

V (H1, H2, S) = VH + VS + Vmix, (2.2)
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2. Setup

⟨H1⟩ = ( 0
v1) ⟨H2⟩ = ( 0

v2)
⟨S⟩ = vPQ ≃ 109−12 GeV

v2
EW = 2(v2

1 + v2
2) ≃ (246 GeV)2

SSB of  and axion appears.U(1)PQ

 SU(2)W × U(1)Y → U(1)EM

3.Electroweak axion string

• Low temperature:    →  Electroweak axion string (new!)T ≲ vEW

H1 ∼ eiθ eiθσ1 (0
v)

S ∼ vPQ eiθ

U(1)PQ U(1)W1
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global SU(2)R

Eto-Kurachi-Nitta (’18)

core ∼ v−1
PQ

W boson's flux
∼ v−1

EW

θ

H2 ∼ e−iθ eiθσ1 (0
v)

→ superconducting string

• Large amount of electric current can flow on the string.

• predicts a string-like soliton called axion string due to  .U(1)PQ

• High temperature:   → ordinary axion string vEW ≪ T ≲ vPQ

Formation of Y-junction

Reconnection

Formation of Y-junction

Reconnection

Y-junction

4. Discussion

The standard cosmological scenario 
for the strings might breakdown!

• requires 2HDM and is testable by, e.g., ILC. (HPNP!)

• The string is a stable solution of EOM in some parameter space.

→ Y-junction is formed with probability 1/2 when the strings collide.

Outlook: 
new constraint on DFSZ model?

Charged components acquire VEV in the 
string and break  sym!U(1)EM
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