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Hadron LLL 
magnetic field 𝑩

CSL 
T. Brauner & N. Yamamoto, 

JHEP 04, 132 (2017).

𝜋±
𝑩↑

massive; 𝜋0: massless NG 

𝑩 induces

Baryon: exp 𝑖𝝉 ∙ 𝝅 ∈ 𝑆𝑈 𝑁𝑓
Skyrme Model: 𝜋3 𝑆𝑈 2 = ℤ

phase transition?

exp 𝑖𝜏3𝜋0 ∈ 𝑈 1 ; 𝜋1 𝑈 1 = ℤ
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Ansatz:
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Skyrme Crystal (unit cell)

“bonding” adjacent cells

𝑩



Skyrme Crystal w/ 

free variables Λ, 𝐵

𝜋0 domain wall (2D CSL) 

w/ constraint Λ∗𝐵 ≡ 2𝜋

S. Chen, K. Fukushima, 

Z. Qiu, Phys. Rev. D 

105, L011502 (2022) 
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Inhomogeneous ground state for high density / low magnetic field

Λ: unit 

crystal cell 

transverse 

area.

1 baryon 

(Skyrmion)

per cell.

(Λ−1: 

baryon 

density)
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1. A Skyrmion is deformed by the magnetic field into 

prolate spheroid, maintaining the 𝜋3 𝑆𝑈 2

2. A multi-Skyrmion crystal can emerge as either an 

inhomogeneous baryonic phase or a 𝝅𝟎 domain 

wall (CSL), depending on boundary conditions.

3. A first-order phase transition from the 𝜋3 𝑆𝑈 2

Skyrme crystal to the 𝜋1 𝑈 1 CSL occurs when 

the baryon density decreases from above to 𝐵/2𝜋.


