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Abstract: Recently three-dimensional versions of honeycomb-lattice iridates, beta and gamma phases of Li2IrO3, have been discovered. It has been
theoretically suggested that these hyperhoneycomb iridates may hold promise for the realization of the Kitaev spin liquid or the exactly solvable
model for the elusive quantum spin liquid phase. Recent scattering experiments on these systems have, however, revealed highly non-trivial
magnetic spiral phases. We propose a theory that may explain the emergence of this unusual magnetic order and discuss why the current
experimental data may suggest that the hyperhoneycomb iridates are not too far from the Kitaev limit.
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Realization of Kitaev Quantum Spin Liquid ?
Honeycomb Iridates Family

2D Honeycomb  a- NazIrOs a- Li2IrOs3(2D)

3D Hyper-honeycomb B- Li2IrOs3 (3D)

3D Harmonic-honeycomb Y- Li2IrOs (3D)
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5d orbitals of Ir*: large spin-orbit coupling
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5d orbitals of Ir*: large spin-orbit coupling

Ir** = [Xe] 4f'4 5d° PiagLie=2Prag = —Liz,
of M e o
* B.J.Kim, T.W.Noh, 6.Cao et al.
AR 10De + PRL (2008)
—— Jef_ 1/2:
Lc{[}""_'l C_.- B.J.Kim, H.Takagi, et al,
JT— S000@@ Science (2009)
2g Jt’ff= 3/2
Crystal Field Spin-Orbit
Coupling
s Strong Spin-Orbit Coupling
1132 = iz, La) + vz, La) + loy, 1)) leads to Spin-Orbit
e Sl 110 e o e L ) entangled pseudo-spin basis
V3 (Kramers Doublet)

Page 10/49



Pirsa: 15040164
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a-A2IrOs Heisenberg-Kitaev Model ?
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a-A2IrOs Heisenberg-Kitaev Model ?
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Kitaev Model on Honeycomb Lattice: Exact Solution

£ Hi=— Y S°S¢ A Kitaev (2006)
Y a—links
S5 = ibfc {bf,b],b7,c} Four Majorana Fermions
Hy = 5 Z Uy CiCj (where ug; = ib;'by),
a—links
Wp = H u; commute with the Hamiltonian —> Wp = +1
loop
Ground state is in the zero-flux sector uf; = +1(V(ij))
: Majorana Fermions with
W e e, Dirac Dispersion
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Discovery of Three dimensional "Honeycomb” lattice
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Discovery of Hyper-Honeycomb lattice material (H. Takagi)

B- LizIrO3  arXiv:1403.3296
AF ordering (no net magnetization)
in zero magnetic field

But with positive (ferro-like)
Curie-Weiss temperature
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Radu Coldea James G. Analytis (Berkeley)
A different 3D structure of Li2IrOs v- Li2IrOs3
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Is Jets=1/2 picture valid ?

f.'J- Li2IrOs3
T I T T ] ":1[2 1/2 o
0.5 | (a) joi=3/2 32 — 1
' - A—— D
0.0 [ = ==
ST |
[
> 05
>
g
2
g 1.0
1.5 |
2.0 S : :
T 2Dk Y POns

Ab Initio
(OpenMx, PBE-GGA)

(arbitrary unit)

E.K.-H. Lee,
S. Bhattacharjee,
K. Hwang, H.-S. Kim,
H. Jin, Y. B. Kim,
arXiv:1402.2654 (2014)

H.-S.Kim, E. K.-H. Lee,
Y. B. Kim,
arXiv:1502.00006 (2015)

Page 24/49



Localized Pseudo-Spin Model
on Hyperhoneycomb Lattice:
Strong Coupling Limit

E. K.-H. Lee, R. Schaffer, S. Bhattacharjee, Y. B. Kim, PRB (2013),
arXiv:1308.6592

E. K.-H. Lee, Y. B. Kim, PRB (2015), arXiv:1407.4145
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Edge-sharing Oxygen Octahedra Structure

- Li2IrO
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Strong Coupling Limit: Localized Pseudo-Spin Model
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b-lattice y-lattice

(a) H-0: 0-flux, 6 = 1

Topological Spinon "Semi-metal”

V= — fdkTrll)k 'oxDi — (D) 'k DY) Topological Invariant

41

R. Schaffer, E. Lee, Y.-M. Lu, Y. B. Kim, PRL 2015
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b-lattice y-lattice
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Magnetic Frustration and
Spiral Magnetic Order

E. K-H. Lee, Y. B. Kim, PRB (2015), arXiv:1407.4125 (2014)
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Strong Coupling Limit: Localized Pseudo-Spin Model
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Two possible
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Two possible
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Counter-propagating

Incommensurate Non-Coplanar Spiral Orders
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Counter-propagating

Incommensurate Non-Coplanar Spiral Orders
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Microscopics !
From ab-initio to Spin Model

b- Li2IrOs

H.-S.Kim, E. K-H. Lee, Y. B. Kim,
arXiv:1502.00006 (2015)
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Other Models (Berkeley Model)

H=Y" K S]48]¥ +J 83 +1. 84874
(i)

I" non-zero only along z-direction

Instability Analysis ?

Soft-spin model (Luttinger-Tisza with no constraint):
Mix the lowest eigenmode (co-planar spiral) + fifth
eigenmode = non-coplanar spiral

Can get the experimentally determined magnetic
structures for both lattices

I. Kimchi, R. Coldea, A. Vishwanath (2014)
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Other Models (Berkeley Model)

H=Y K 1481 +J 83 +1 84874
(i3

[" non-zero only along z-direction

Instability Analysis ?

Soft-spin model (Luttinger-Tisza with no constraint):
Mix the lowest eigenmode (co-planar spiral) + fifth
eigenmode = non-coplanar spiral

Can get the experimentally determined magnetic
structures for both lattices

I. Kimchi, R. Coldea, A. Vishwanath (2014)
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Toronto
Model

Berkeley
Model

Comparison Analysis
E.K.-H. Lee, J. 6. Rau, Y. B. Kim (2015)

Classical Model:
Simulated Annealing,
Monte Carlo

Non-coplanar spiral
(lowest energy solution)
b (same as exp)
y (different from exp)

Soft-spin model,
Mixing eigenmodes

Can construct
Non-coplanar spiral

b (same as exp)
vy (same as exp)
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