
PTEP 2023, 033B04 T. Abe and Y. Hamada

One may consider that the non-zero φ1 in the string solution breaks the U(1)D symmetry,
making it a superconducting string [54]. However, this is not the case. In the soliton background,
the generator of the U(1)D symmetry should be defined as −Tana + 1/2 with na = (φ†τ aφ)/|φ|2.
Thus the solution given as Eq. (A6) is always invariant under this symmetry.

Appendix B. Scattering amplitudes of χ and nucleons
We here provide explicit expressions for the scattering amplitudes shown in Fig. 5. In the fol-
lowing, we denote h1 ≡ h, h2 ≡ h′. It is straightforward to calculate diagrams (a)–(d):

iMa = iMb = −ūu
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where u is the spinor wavefunction and
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