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Kitaev honeycomb model

H=-> J, » Sts”
T

1J) €

| | study the higher spin version of it for possible spin liquids. "
| Motivation I: It has spin liquid phases."

| Motivation Il: Candidate materials have been proposed.



Candidate Kitaev Materials

Xu, Feng, Xiang, Bellaiche (2018)
Stavropoulos, Pereira, and Kee (2019

Samarakoon, Chen, Zhou, Garlea (202
EE

Jackli, Khaliullin (2009)
Trebst, Hickey (2022)
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Kitaev honeycomb model # = ZJ Z sks

(17) E W

| Motivation IlI: #
there are extensive local conserved quantities/commuting operators.

1. The model of spin-1/2 Is solvable”

2. Higher spin model Is not solvable#
due to larger Hilbert space.”

3. W,(0) is Zsgauge Rux in spin-1/2 model"

4. Can we understand the W, (o) the same way #
IN higher spin model?




Spin-1/2 Kitaev model

Review the spin-1/2 Kitaev model and its [3ux operators




Parton construction — spin-1/2
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Local constraint: Y’y Y~y* =1

7.- gauge redundancy: v+ — —AH

fo=1,Y,2



Parton construction — spin-1/2

| Hamiltonian: H = _Z‘]M Z SZ-“SJ” = —ZJu Z 7?7575%‘)
T (

p (13)Ep ij)Ep

| 7> gauge beld: u;; =77, commutes with Hamiltonian

| Z2 Flux operator:




Phase diagram of spin-1/2 Kitaev model

—@ZJ > nul;

(17)Ep

Phases are determined by the physics of 70

A: Majorana fermion WO IS gapped. #
This phase Is a 7 topological order.

B: Majorana fermion WO IS gapless and#
IS coupled to a Zsgauge Peld.

Kitaev (2006)




Spin-1/2 -> Higher spin Kitaev model

Are the conserved quantities also Z» gauge (3uxes ?

Can we see this from Parton construction?

What are the possible phases?




Parton construction — higher spin
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Glant Parton
SO(2S) singlet

0 S(2S 1) 0L 1) 1 O, 1t
F e H’y [ S)' Eal,ag, CLQS/Yal ’YCLQ ) 'fya2S

(T¥*)2 =1

| 74 Flux operator: W,(0)

| 7, gauge beld: u;; =il T commutes with Hamiltonian
0 _____0__



Glant string operator

| The 7 charge is attached to a tensionless string operator. "

| The string operator commutes with Hamiltonian except the two end points.

- /5 charges




Glant string operator

| The tensionless string operator U/ indicates that the charges I'Vare either #
deconbned or condensed.

- condensed charges H( U|gs)) = Ey|gs)

- deconbned charges H( U|gs)) = (Eo + 20EF)|gs + 2I'")
oF ~ O(1) and is independent of the length of string



Glant charge

| Z, gauge charge: TV = €ar,as,....a25 Yo Yao - - -

It iIs a SO(2S) singlet.”

- It carries the charge of improper 7, of O(2S).

It IS a when S Is an

It Is a fermion when S Is a half-integer.



Fate of Glant charge

If the string operators i/ for charge TV are tensionless.

- Fermionic charges T

They can only be deconpned.

- Bosonic charges TV

They can be or deconpbned depending on dynamics.



Fate of glant charge In higher spin Kitaev model

The fate of the giant partons in the anisotropic limit




Higher spin Kitaev model

Z J Z Z fYa z/ya Z/Yb’J/Yb,]

(17)En a,b=1 S,LZ_I_QSf — G*

In the anisotropic mit  J. > J, ~ J, |
Extensive degeneracy

Ly 7 I =1

Fg—kzrzx—l—zrfry =1




Higher spin Kitaev model

In the anisotropic limit  J, > J, ~ J,

Half-integer spin model: Wen-plaguette model

The e$ective Hamiltonian is the same as the half spin model.”



Higher spin Kitaev model

In the anisotropic limit  J, > J, ~ J,
Half-integer spin model: Wen-plaguette model

Ground state is the %o topological order.

Excitations: Y% e e xm

[
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Higher spin Kitaev model

In the anisotropic limit  J, > J, ~ J,

Integer spin model: trivial
~ 4Sth

/4 Y o T
Heff — T Jeff E F;UFZ_I_Q — T Jeff E Ty
()

The e$ective Hamiltonian is trivial."

Ground state is the trivial paramagnet with I'; =T/ =Ty, , =17 .

Any string operator is 1. Since H(I°|gs)) = Ey (I'Y|gs)), the boson T is condensed.



Ja

Higher spin Kitaev model

J.=1,J,=J,=0

1,J,=J, =0

Half-integer spin

Integer spin

y =1, Jz



Higher spin Kitaev model

General claim for the isotropic mode| ?




Higher spin Kitaev model

Conjecture#
gapless I'’coupled#
to Z-, gauge Peld

A,

||
-
S

Half-integer spin

Either condensed or#
gapped I'’coupled#
to Z-, gauge beld

Integer spin




Take home message

Half-integer spin Kitaev model

There always exists deconbned #Zs2 spin liquid.

Integer spin Kitaev model

Trivial state is possible.




Summary

| In the higher spin Kitaev model, local commuting operators are Z2 [3uxes via
the Partons construction.”

| The giant Parton is a Majorana fermion in the half-integer spin model. The
system always has deconbned excitations and Is expected to form a spin
liquid phase.”

| The giant parton is a boson in the integer spin model. The system can be
trivial when the bosons condense.



Open guestions

Is the full SO(2S) conbned In the iIsotropic limit? "

Are bosonic charges condensed In the isotropic model?"

| Fundamental reason, e.g. anomaly, for this di$erence between integer and
half-integer spin Kitaev models?"

| How does the solvability depend on the number of local conserved quantities
and the dimension of Hilbert space?”

| EE.



