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Possibility of a spin liquid phase in A2IrO3 

Magnetically hidden octupolar order in Sr2VO4
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Three different couplings & regimes

in spin-orbital systems

EJT

Jahn-Teller coupling-EJT

orbitals are rigidly ordered: 

spin-only Heisenberg model 

J

spin exchange depends on

orbital occupancy: 

directional character of      

orbitals induces frustration

exchange interactions-

?

spin-orbit coupling-

spins & orbitals  locally

entangled: 

orbital frustration & 

directional character are       

converted to iso-spins



Why hexagonal Iridates A2IrO3 (A=Na, Li) are interesting

B) Honeycomb layers of spins 1/2 Ir4+

A) Strong spin orbit coupling in Ir4+

figure from: Singh & Gegenwart, PRB10



Why hexagonal Iridates A2IrO3 (A=Na, Li) are interesting

Two theory proposals based on above A) &B)

GJ & G.Khaliullin, PRL 102, 017205, (2009)

from Mott side: 

As a candidate for a spin liquid phase

A.Shitade et al, PRL 102, 256403, (2009)

from itinerant side:

As a candidate for a topological insulator and QSH effect



Low energy Kramers doublet of Ir4+

Kramers pair

S=1/2

~0.6 eVt2g hole



Super-exchange between Isospins

IrO

AF-Heisenberg and weaker “dipolar” FM-Ising, -axis out of plane



Superexchange Hamiltonian: 90o-bonds 

Destructive quantum interference        

between two channels

No conventional Heisenberg term

+
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Superexchange Hamiltonian: 90o-bonds 

Destructive quantum interference        

between two channels

No conventional Heisenberg term

+

X

Coupled by

Hund’s rule

=(x,y,z) perp. of plaquet



Isospins on a Honeycomb layer of A2IrO3 (A=Na, Li)
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Kitaev term Heisenberg term



Phases of Kitaev-Heisenberg Model
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Frustration due to anisotropy: Kitaev model

xx yy

A. Kitaev, Ann. Phys’06
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spin liquid ground-state:  

with Majorana Fermions, Dirac spectrum 

exactly soluble 2D quantum model

only NN two-spin correlations 

(Baskaran et al PRL07)
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Exactly solvable 

H(z)=xx+yy-zz
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Phases of Kitaev-Heisenberg Model



a=1/2: Hidden FM Heisenberg model 

ZY

X original frame

(Sx,Sy,Sz) -> (Sx,-Sy,-Sz)

(Sx,Sy,Sz) -> (-Sx,Sy,-Sz)

(Sx,Sy,Sz) -> (-Sx,-Sy,Sz)

4-sublattice unitary transformation



Exactly solvable 

H(z)=xx+yy-zz

Stripy AF
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Phases of Kitaev-Heisenberg Model



Neel AF

classical phase boundary

lines of zeros in SW spectra

H(z)=xx+yy

Exactly solvable 

H(z)=xx+yy-zz

Stripy AF
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Recent Experimental Reports 

XRS : Liu et al, PRB’11

Stripy vs Zig-Zag  order in Na2IrO3

INS: Choi, Coldea et al, PRL’12; Ye et al PRB’12

Trigonal distortion, deviation from 90o bond angle, Zig-Zag order

N&XR Difraction: Ye et al PRB’12

Susceptibility & Thermodynamics:
Singh and Gegenwart, PRB’10;  Singh et al PRL’12

Ordering  ~ 15K in both Na2IrO3  (=-125K) & Li2IrO3 ( =-33K)

Upcoming Talk by Radu Coldea



further neighbor interactions explains zigzag phase



Full Phase Diagram of Kitaev-Heisenberg Model



Examples of exchange processes



Spin-wave dispersions and susceptibly of Zigzag phase



Recent Experimental Reports 



Summary

Mott insulators with strong spin-orbit coupling:

a new class of frustrated systems  

Orbital frustration directly manifested in magnetic interactions

unusual interactions and exotic states



Optimistic Outlook

« IL EST BON DE SAVOIR QUE L'UTOPIE N'EST JAMAIS 

RIEN D'AUTRE QUE LA RÉALITÉ DE DEMAIN ET QUE LA 

RÉALITÉ D'AUJOURD'HUI ÉTAIT L'UTOPIE D'HIER »

LE 

CORBUSIER


