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INTRODUCTION

The bond-dependent exchange in the Kitaev
model leads to frustrated interaction. Each spin
fractionalizes into four partons, giving rise to a

Z2 gauge structure and free majoranas

At the anisotropic limit, e.g. Kz ≫ Kx,Ky , ma-
joranas are highly gapped. The model becomes
the Z2 Toric code (TC) at the low energy sector,
with As =

∏
i∈s τ

x
i and Bp =

∏
i∈p τ

z
i .

OBJECTIVES

Phases and characteristic dynamics induced by
external field along different directions and
varying energy scales of anisotropic exchange
interactions, i.e. as a function of (⃗h,Kz):

H = K
∑

i,α∈{x,y}

σα
i σ

α
iα +Kz

∑
i

σz
i σ

z
iz − h⃗ ·

∑
i

σ⃗i

Focus on directions:

h⃗ in [111]∥ ê3
h⃗ in [001] ∥ ẑ

with varying antifer-
romagnetic exchange
Kz,K > 0.

In RuCl3, [001] points from Ru to its Cl ligand.

KITAEV MODEL UNDER h⃗ ∥[111]

DYNAMICS OF ϵ ANYON
At Kz/K ≫ 2, the second order perturbation in
[111] field gives the effective Hamiltonian:
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Only ϵ anyon disperses in fixed directions [1]:
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Sharp signature of fractionalization and gauge-
matter hybridization in scattering experiment:

S(ω) and S(k⃗, ω) of the lowest excitated mode
given by the two spin flip operator σx

i σ
x
i+z .

SPINON FERMI SURFACE
The gapless QSL induced by an intermediate
field has emergent spinon Fermi surface [2].

Friedel oscillations of spinons:

⟨Se1(r)⟩ ∼ ⟨n1(r)⟩ ∼
kF
π
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Evidence from machine learning:

ISING CRITICALITY BY h⃗ ∥[001]
Under [001] field, the intermediate gapless
phase becomes much larger, the effective dimen-
sion is reduced, and the phase boundary at hc2

features decoupled Ising critical chains.

By parton mean field theory for free fermion f
and bond fermion χz , z-bond exchange reads
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2 ⇒ decoupled compass chains

At h = hc2 where Kz effectively vanishes, a
compass chain is mapped to Ising critical point
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Weak coupling in FC is captured by H(FC)∑
a=L,R

∫
dxγa∂xγa − h̃

∫
dx(γL∂xγL)(γR∂xγR)

which remains gapless until an h̃c > 0.
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