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Kitaev Honeycomb Model i
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Abstract
A spin-1/2 system on a honeycomb lattice is studied. The interactions between nearest neighbors

are of XX, YY or ZZ type, depending on the direction of the link; different types of interactions may
differ in strength. The model is solved exactly by a reduction to free fermions in a static £» gauge
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Kitaev Materials

Table 1| Representative Kitaev candidate materials and a summary of their physical properties
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Phase at Intermediate Fields ?7?

(a) (b)
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How can a magnetic field increase the entanglement shouldn’t it disentangle ?
Why should there be an intermediate phase ?



Kitaev-Heisenberg-Gamma Model

Rau, Lee, Kee PRL 112, 077204 (2014)
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TABLE 1. The representative sets of parameters of the generalized KH model (1) for @-RuCl: (in meV). The values that come close o
the ranges proposed in this work are highlighted in bold. The common acronyms include linear spin-wave theory (LSWT), density-functional
theory (DFT), spin-orbit coupling (SOC), inelastic neutron scattering (INS), exact diagonalization (ED), and terahertz spectroscopy (THz)

structures of P3 and C2 symmetry are referred to as “P3" and “C2" for brevity. o - Third neighbor
Reference Method K r r J J.x‘ r+2r' J 4315
Banerjee et al. [22] LSWT, INS fit +70 ~4.6 ~46
Kim et al. [29) DFT+4t/U, P3 -6.55 525 ~0.95 ~1.53 335 ~1.53
DFT4SOC++t/U -8.21 4.16 ~0.93 -0.97 23 ~0.97
Same-fixed lattice ~3.55 7.08 ~0.54 -2.76 6.01 ~2.76
Same4-U + zigzag +4.6 6.42 ~0.04 -3.5 6.34 ~35
Winter et al. [30] DFT+ED, C2 -6.67 6.6 ~0.87 ~1.67 28 4.87 6.73
Same, P3 +7.6 8.4 +0.2 ~5.5 23 8.8 414 /
Yadav et al. [24) Quantum chemistry -~5.6 ~0.87 +1.2 ~0.87 +1.2 K < O) F > O) F < O) J < 0
Ran et al. [34) LSWT. INS fit -6.8 9.5 9.5
DFT4+/U. U =25¢eV ~1443 6.43 -2.23 207 643 +3.97
Hou et al. [31] Same, U =3.0 eV -12.23 4.83 -1.93 1.6 4.83 4287
Same, U =35 ¢V -10.67 38 ~1.73 127 38 +42.07
Wang et al. [32) DFT+4t/U, P3 -10.9 6.1 ~0.3 0.03 6.1 ~0.21 | F | > J
Same, C2 ~5.5 7.6 4+0.1 0.1 7.6 404
Winter et al. [35] Ab initio 4+ INS fit -5.0 25 ~0.5 0.5 25 +1.0
Suzuki et al. [36) ED,C, fit ~24.41 525 ~0.95 ~1.53 335 ~1.53
Cookmeyer et al. [37] Thermal Hall fit -5.0 25 ~0.5 0.11 25 ~0.16
Wu et al. [38] LSWT, THz fit ~28 24 ~0.35 0.34 24 4+0.67
Ozel et al. [39) Same, K =0 +1.15 292 +1.27 ~0.95 545 ~0.95
Same, K <0 ~3.5 235 +0.46 235 4046
Eichstaedt et al. [33) DFT4Wannier+¢/U ~143 9.8 ~2.23 ~1.4 097 5.33 +15
Sahasrabudhe et al. [42] ED, Raman fit -10.0 375 ~0.75 0.75 375 1.5
Sears et al. [40] Magnetization fit -10.0 10.6 -0.9 -2.7 88 =27
Laurell er al. [41] ED. C, fit ~15.1 10.1 ~0.12 ~1.3 09 9.86 414
This work “Realistic” range [-11,-3.8] [39,5.0] [223.1] [-4.1,-21] [2.33.1] [9.0,114] [44,57)
Point 1 -4.8 4.08 25 ~2.56 242 9.08 4.7
Point 2 -10.8 52 29 -4.0 3.26 11.0 5.78
Point 3 ~14.8 6.12 3.28 ~4.48 3.66 127 6.5
See also

Maksimov, Chernyshev PRR 2 033011 (2020) Janssen, Andrade, Vojta PRB 96, 064430(2017)



Matrix Product States (Tensor Networks)
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Two Leg
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H == []

"Hidden” String order Local Order

V is non-local
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I'=0

The Kitaev-Heisenberg (KJ) Ladder s
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Ladders K-I K = cos(¢), I =sin(¢), J=0
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Vicinity of AF Kitaev Point




Vicinity of AFK | x»=
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Vicinity of AFK
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Magnetic Order
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Magnetic Order

Data along 1 leg of ladder
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Scalar Chirality
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Intermediate Phase ?




Vicinity of FK point K<0 >0

JS Gordon, A Catuneanu, ESS, HY Kee Nature communications 10 (1), 1-8 (2019)
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Phase Diagram sensitive to
small changes in parameters
Several different SPT (QSL)
phases at finite field

Fragile String Order
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