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Schematic of a wall‐vortex composite
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Normal (N) state (𝜇 ൌ 0) 𝚽 ൌ 𝟎, 𝒔 ൌ 𝑠௭𝒛ො  𝑠ୄ𝒓ොୄ ൌ 0

Broken‐axisymmetry (BA) state Φ୶Φ୷Φ ് 0, 𝒔 ൌ 𝑠ୄ𝒓ොୄ
Anti-ferromagnetic  (AF)  state 𝚽 ൌ 𝑛𝑒ఏృ𝒓ොୄ, 𝒔 ൌ 0

An elliptic vortex
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Formulation
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Particle density:

Energy functional of

Spin density:

In the Cartesian coordinate

An elliptic vortex is realized  in P phase ሺ𝑐  0,𝜇  𝑞  0, 𝑝 ൌ 0ሻ

図：スピノールBECの相図(bulk)．
横軸𝑞が2次ゼーマン効果，縦
軸𝑐ୗ𝑛がスピン相互作⽤を表す
パラメータ． 点線の囲いはソ
ウル国⽴⼤の実験の研究領域．
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Effective order parameter

Pseudo‐director:

Nematic‐spin order

Numerical Result
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Energy of an elliptic vortex

𝐸୴୭୰୲ୣ୶ ൎ 𝑈ୡ୭୰ୣሺ𝑙ୱ୮୧୬ሻ  𝑈୦୷ୢሺ𝑙ୱ୮୧୬ሻ

𝑈ୡ୭୰ୣ 𝑙ୱ୮୧୬ ∼ 𝛼𝑙 1  𝐶
𝑙

𝑟ୱ୮୧୬

𝑈୦୷ୢ 𝑙ୱ୮୧୬ ∼ ln
𝑅
𝑙ୱ୮୧୬

 

→ Effective elasticity of the wall

→ Hydrodynamic potential of an elliptic vortex 

Invariance under the operation:

Φ ൌ 𝑛𝑒బ ,Φേଵ ൌ 0

Summary

A vortex spontaneously breaks its axisymmetry
leading to an elliptic vortex in antiferromagnetic spin‐
1 Bose‐Einstein condensates of 23Na atoms with small
positive quadratic Zeeman effect.
The elliptic vortex has a planar singularity, considered
the Joukowski transform of a conventional quantized
vortex.
This structure is sustained by balancing the
hydrodynamic potential and the elasticity of a soliton
connecting two magnetized spots, which is
exper imenta l l y observab le by the in s i tu
magnetization imaging.
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Length scales

Hiromitsu Takeuchi, An elliptic vortex in a nematic‐spin Bose‐Einstein condensate, in preparation (2020)

Analogue of quark confinement
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