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Kitaev’'s Honeycomb Hamiltonian
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Kitaev Honeycomb Model

Extended Kitaev Honeycomb Model Thank you!
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Deforming The Lattice
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Kitaev Honeycomb Model Diagonalization Extended Kitaev Honeycomb Model Thank you!
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Threading The Lattice
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Kitaev Honeycomb Model
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Jordan-Wigner Definition
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Kitaev Honeycomb Model
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Example

We will now transform one part of the Hamiltonian as an example: Using:
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Employing JW transformation:
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Kitaev Honeycomb Model
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After JW
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Majorana Fermions

Majorana fermions obey these relations:
(A Ajy =0 Al=4; A*=1
Defining new Majorana operators at each site:
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The Hamiltonian reads:
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Conserved Quantities

H=—il, > AwAy+idy, > ApAw+J. > ByBuApAy
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The term By B, Ay Ay, is not quadratic, but luckily, there is a conserved quantity «.:
o = 1By By,

Since By, is hermitian, and Bg/w = 1, then B, ,, will have eigenvalues of +1.

Moreover, By, operators anti-commute with A, ,,, operators, and consequently,
/i = By, By Will commute with A, ,,, operators.
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Kitaev Honeycomb Model
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Spinon Operators

We will replace «, quantities by their eigenvalue +1 which minimizes energy and
therefore corresponds to the ground state configuration. Next, we introduce a new
spinon excitation fermionic operator which lives on the middle of z-bonds, defined
as:
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Diagonalization
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Fourier Transform

Now we apply a Fourier transform in 2-D, which is slightly different:

1 : 1 :
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The identity becomes:
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Summing over positive modes, the Hamiltonian will read:
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Diagonalization
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Fourier Transform

Here, we have used the short-hand notation.

NS D VDI

9z qy q>0 qz>0gy>0
€g = 2J, — 2J; cos qz — 2Jy cos qy

Ag = 2J;sing; +2J,sin g,
¢=q-¢; i€ {zy}
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Diagonalization
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Bogoliubov Diagonalization

We now consider a simple 2 x 2 Hamiltonian of the form:

w-Sld 5 0]

2><2
Then eigenvalues are given as:

— Wy —ig | _ 3 3
= [ |0 = =i
The unitary matrix U is:
| :
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Diagonalized Hamiltonian

H=Y"|dy a.,Ut yntt U[ d‘ﬂ
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The result is this following Hamiltonian in its eigenspace:

H = qungnq + Ey
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Extended Kitaev Honeycomb Model

An extended Kitaev honeycomb model can be written as:

H=H,+ Hy

Hy = —iK>s Z Z €(av) 0' op (Ukal) K> Z Z 0 akal

(aBy) (Gkl)ap (ap) (kb asp

Here, H, is the original Kitaev honeycomb model, H> includes the NNN interactions,
K, is the NNN Kitaev coupling, €3+ is Levi-Civita symbol, and (a3v) is a general
permutation of (zyz).

I. F. Al-Yousef Intro. to JW Solution to Kitaev Honeycomb Model KFUPM 14/16



Extended Kitaev Honeycomb Model
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Extended Kitaev Honeycomb Model
We define (jkl).p to be the path consisting of the two bonds (jk), and (ki) s

Figure: Representative of the path (jki),, associated with the K in H
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Extended Kitaev Honeycomb Model
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Research Questions

Will the model still be exactly solvable?
How does this impact thermal conductivity?
Can we find Kitaev spin liquid candidate materials?

How does the magnetic field dependence on thermal conductivity change by
including these interactions?

The scheme is the following:

Write the Hamiltonian in fermionic language
Introduce Majorana fermions

Perform a 2D Fourier transform

Bogoliubov diagonalization
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