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Phase diagram of Kitaev model under [111] magnetic field

Niravkumar D. Patel and Nandini Trivedi. Magnetic field-induced intermediate quantum spin liquid with a spinon Fermi surface. PNAS, 116 (25) 12199-12203

Spin Transport in response to [111] field?
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Spin transport in Kitaev model
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Spin Conductivity
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“Diffusive” Conductivity

• Spin-1
2 Heisenberg model

Only diffusive conductivity:

σnm(q, ω) = −〈−K〉 − Λnm

i(ω + i0+)

In the Drude form

σnm(ω) = Ddiff(ω)δ(ω) + σreg
nm(ω)

Ddiff = 0

12-site ED. See also M. Sentef, M. Kollar, and A. P. Kampf, Phys. Rev. B 75, 214403 (2007)
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“Diffusive” Conductivity
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“Drift” Conductivity

The ”Drift” Condictivity:

Σn(q, ω) = −
〈
−K0

n

〉
− Γn(q, ω)

i(ω + i0+)

In the Drude form:

Σn(ω) = Ddriftδ(ω) + Σreg
n (ω)

Σreg
n (ω) ≈ 0

with spin Drude weight D:

Ddrift ≈
〈
−K0

n

〉
= 〈cicj〉 6= 0

unless one of Kα →∞
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“Drift” Conductivity

Majoranas are able to propagate in both

1 gapless QSL (Kz/K = 1.0)

2 gapped QSL (Kz/K = 2.5)

Gapless QSL

Gapped QSL

Minakawa et al, PRL 125, 047204 (2020); Taguchi et al, PRB 104, 125139 (2021)
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Summary

We studied the linear order spin transport of Kitaev honeycomb model in reponse to a
magnetic field in [111] direction, and found that

1 Effective spin current conductivity can be decomposed into:
1 Drift spin conductivity Σ
2 Diffusive spin conductivity σ

2 σ: σreg 6= 0, Ddiff = 0, the former is responsible for magnetic absorption

3 Σ: Σreg = 0, Ddrift 6= 0, the latter gives ballistic spin transport even in the gapped QSL
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