
Crystalline chiral condensate in an external magnetic field

・Dual Chiral Density Wave(DCDW)
Plane wave type condensate

・Real kink Crystal(RKC)
Multi soliton type condensate
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Preceding Study and problems

Free energy calculation

Inhomogeneous Chiral Condensate

Motivation

Hybrid condensate

・Anomalous Quark Number Density

Summary and Outlook
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・1 Particle Energy Spectrum
・Free Energy

DCDW in Magnetic Field
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Collaborator :Ryo Yoshiike, Shintaro Karasawa, Toshitaka Tatsumi (Kyoto University)

Restored

RKC phase

q/2

𝑒𝐵/Λ

+𝑁𝑐  

𝑓

1

2

𝑞𝑓𝐵

2𝜋
 

𝐹

sgn(E𝑛=0,𝐹)

 
𝑁

𝑉
𝑇=0

= −  
𝜕Ω

𝜕𝜇
𝑇=0

= 𝑁𝑐  

𝑓

𝑞𝑓𝐵

2𝜋
 

𝜁

 

𝑛=0

∞

 𝑑𝐹 𝜌 𝐹 𝜃(E𝑛𝜁𝐹)𝜃(𝜇 − E𝑛𝜁𝐹)

Δ(𝑥) = −2𝐺[  𝜓𝜓 + 𝑖  𝜓𝑖𝛾5𝜏3𝜓 ]

anomalous quark number density : 𝜌𝑎𝑛𝑜𝑚

For DCDW

𝜌𝑎𝑛𝑜𝑚 = 𝑁𝑐  

𝑓

1

2

𝑞𝑓𝐵

2𝜋

𝑞

𝜋
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Δ 𝑥 ∆RKC 𝑥ΔDCDW(𝑥)
q → 0𝜈 →1

𝐸𝑛=0

spectrum

E𝑛≥1,𝜁,𝛼:symmetric

E𝑛=0,𝛼 :asymmetric(for  q≠0)

G.Basar, et. al.(2009) 

I.E. Frolov, et. al. (2010)

Without magnetic field, RKC is favored

・Which phase is favored in external magnetic field?
・Why does magnetic field drive DCDW?

B≠0 , homogeneous phase is unstable

Elucidate QCD phase structure by taking into account both of inhomogeneity and magnetic field

・DCDW is favored in strong B due to spectral asymmetry
・Twisted kink crystal appears in weak B

Inhomogeneity grows
with the increase of B

𝜇 = 0.3Λ

Ω𝑎𝑛𝑜𝑚 = −𝜇𝜌𝑎𝑛𝑜𝑚 ∝ 𝜇𝐵𝑞

Inhomogeneous chiral Phase
in QCD

B≠0 and q≠0, Energy spectrum is asymmetric.
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・Phase Diagram (μ-B plane, T=0)

A: Weak DCDW
B: Hybrid
C: Strong DCDW
D Restored
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(a) 𝐵 = 0
(b) 𝑒𝐵 = 70MeV
(～5×1016 Gauss)

(b) 𝑒𝐵 = 120MeV 
(～1.4×1017 Gauss)
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k is wavenumber of amplitude modulation
𝑘 = 𝑚/(2 1 + 𝜈 K 𝜈 )
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