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Abstract: Unlike the half spin Kitaev honeycomb model which can be solved by an exact parton construction, the higher spin analogue of it is not
solvable and it is still controversial if it exhibits a quantum spin liquid phase. In thistalk, | will present a generalized parton construction where each
spin-Sisrepresented by 8S Majorana fermions. This framework naturally leadsto aZ2 spin liquid when Sis a half integer and gives atrivial ground
state when Sis an integer. Particularly, in the Z2 spin liquid, the Z2 charge is carried by a product of 2S Majoranafermions. In the anisotropic limit,
say the interaction on the z bond is much stronger than others, the charges are gapped and the higher spin Kitaev model is reduced to a
Wen-plaguette model exhibiting Z2 topological order. However, it is expected that at certain interaction strength on the x,y,z bond, the charges
become gapless which resultsin a gapless Z2 spin liquid.
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Kitaev honeycomb model
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» We 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.
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Candidate Kitaev Materials -
Xu, Feng, Xiang, Bellaiche (2018)

Jackli, Khaliullin (2009) Stavropoulos, Pereira, and Kee (2019)
Trebst, Hickey (2022) 5 Samarakoon, Chen, Zhou, Garlea (2021)
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Kitaev honeycomb model

 Motivation lll:
there are extensive local conserved fluxes.

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 Z»gauge flux in spin-1/2 model

4. Can we understand the IV, (0) the same way
for higher spin model?
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Spin-1/2 Kitaev model

Review the spin-1/2 Kitaev model and its flux operators

irsa: 22110066 Page 6/26



Parton construction — spin-1/2

VAP + 4P = 28,8 2=

QS'U’ — (Z':P}/O’Y‘u} H=2x,y,=

Local constraint: 7'y"7¥~* =1

7. gauge redundancy: 7" — —~%#
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Parton construction — spin-1/2

* Hamiltonian: H=-) J, Y S¢S* = ZJM z YOt

p (i) Ep (i7)€p

* Z> gauge field: u;; = iv;'7; commutes with Hamiltonian
e

« Zs3 Flux operator:  W,(0)
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Phase diagram of spin-1/2 Kitaev model

—ZZJ > Nug

(ij)Ep
Phases are determined by the physics of ’)/0

Jo=1,J,=J,=0

A: Majorana fermion ’}’O is gapped.
This phase is a 7 topological order.

B: Majorana fermion ”YO is gapless and
is coupled to a Z- gauge field.
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Spin-1/2 -> Higher spin Kitaev model

Are the conserved quantities still Z. gauge fluxes ?

Can we see this from Parton construction?

What are the possible phases?
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Parton construction — higher spin

i aaﬁ — 0'-'/-1
yoyP L APy = 26,500 a,b=1,...,28
R
25 ,yh Local constraints:
: : 2 28
258 =S @) = dlans.. s L]
2 | | 1 S A = (5 + 1)
£ a—
= "725 = L o Y | 2
gl
O(2S) gauge redundancy: UTU = 1
""""""""""" TN e R e
:
SO O Local constraint: 2> S&)? = S(5 +1)
a=1l 7 a=1
2, 28F = jy04# Local constraints: VONEAYNE = ]
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Giant Parton

S(25—1) = £ 0.0 0,
FO’# — (_']-) 2 H ’yg,u — (QS)! eal 70'2:"-5&237(11”’){&2“ i ’yaﬂf;
a=1

(s —

* Zs Flux operator: W, (0)

* 7 gauge field: uj; = I'/T"/ commutes with Hamiltonian
o W— -
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Giant string operator

 The Zs charge is attached to a tensionless string operator.

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

4.5 charges
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Giant string operator

« The tensionless string operator ¢/ indicates that the charges I'V are either
deconfined or condensed.

‘//xo r 0
U oL

- condensed charges H( U|gs)) = Flgs) Lo

3

0E ~ O(1) and is independent of the length of string

- deconfined charges H( U|gs)) = (Ey + 20E)|gs + 2I'%)
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Giant charge

» 79 gauge charge: I‘O =
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S(25-1)

L e
(29)!
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It is a SO(2S) singlet.
It carries the charge of improper Z, of O(2S).

It is a boson when S is an integer.

It is a fermion when S is a half-integer.
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Fate of Giant charge

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

- Fermionic charges T

They can only be deconfined.

- Bosonic charges 1"

They can be condensed or deconfined depending on dynamics.
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Higher spin Kitaev model

In the anisotropic limit /., > J, ~ J,
z T a2
i+z2% — S
| B2

Y
Livs

Extensive degeneracy

0 > zm70
FiJré]'_‘?lJréFi Fi =1

Yy T Yy __
17, 151510 =1
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Higher spin Kitaev model

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

Half-integer spin model: Wen-plaquette model

Fermion

[

~ 8S5th

H(oz+1)/2 2.

Y

:_'effg
T
<

i z

o

Y

The effective Hamiltonian is the same as the half spin model.
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Higher spin Kitaev model

In the anisotropic limit /., > J, ~ J,
Half-integer spin model: Wen-plaquette model

Ground state is the Z. topological order.

Excitations: E e oo

iIiTY ~exe

iTeTY , ~m x m
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Higher spin Kitaev model

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

Integer spin model: trivial Boson

The effective Hamiltonian is trivial.

Ground state is the trivial paramagnet with I'y =T/ =T, . =T/, ,

Any string operator is 1. Since H(I'°|gs)) = Ep (I'V|gs)), the boson T° is condensed.
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Higher spin Kitaev model

Half-integer spin

irsa: 22110066

Jo=1J,=J,=0 Jy=1,J,=J,=0

Integer spin
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Higher spin Kitaev model

General claim for the isotropic model ?
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Higher spin Kitaev model

J =1 =T =0 = ==
' e A
Conjecture: Either condensed or
gapless I'’coupled gapped I"’coupled
toZ- gauge field toZ- gauge field
Joe=1,Jy=J, =0 J,=1,Je=J,=0 Je=1,J,=J, =0 Jy=1,J:=J,=0
Half-integer spin Integer spin
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Take home message

Half-integer spin Kitaev model

There always exist deconfined fermionic excitations coupled to Z> gauge field.

Integer spin Kitaev model

Trivial state is possible.
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Open questions

Is the full SO(2S) confined?

Are bosonic charges condensed in the isotropic model?

Fundamental reason, e.g. anomaly, for this difference 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?
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Summary

* In the higher spin Kitaev model, local Flux operators are Z2 fluxes of the giant
Partons.

* The giant Parton is a Majorana fermion in the half-integer spin model. The
system always has deconfined 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.
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