Festkörper-Theorie

Quantum kagomé antiferromagnet in a magnetic field: Low-lying non-magnetic excitations versus valence-bond crystal order

cond-mat/0404279 proceedings of SCES’04

A. Honecker^1, D.C. Cabra^2, M.D. Grynberg^3, P.C.W. Holdsworth^4, P. Pujol^4, J. Richter^5, D. Schmalfuß^5, J. Schulenburg^5

1 Technische Universität Braunschweig, Institut für Theoretische Physik, Mendelssohnstrasse 3, 38106 Braunschweig, Germany

2 Université Louis Pasteur, Laboratoire de Physique Théorique, 3 Rue de l’Université, 67084 Strasbourg, Cédex, France 3 Departamento de Física, Universidad Nacional de La Plata, C.C. 67, (1900) La Plata, Argentina 4 Laboratoire de Physique, ENS Lyon, 46 Allée d’Italie, 69364 Lyon Cédex 07, France 5 Otto-von-Guericke-Universität Magdeburg, P.O.Box 4120, 39016 Magdeburg, Germany

XXZ-Hamiltonian H = J ∑ hi,ji ( S^x_i S^x_j + S^y_i S^y_j + ΔS^z_i S^z_j ) − h ∑ i S^z_i ⟨i, j⟩ nearest neighbors on kagomé lattice Sαi spin S = 1/2 operators at site i Δ XXZ-anisotropy h external magnetic field

Magnetization curve for Δ = 1

J. Schulenburg, A.H., J. Schnack, J. Richter, H.-J. Schmidt, Phys. Rev. Lett. 88, 167207 (2002)

see also: K. Hida, J. Phys. Soc. Jpn 70, 3673 (2001) D.C. Cabra, M.D. Grynberg, P.C.W. Holdsworth, P. Pujol, Phys. Rev. B65, 094418 (2002)

plateaux with magnetization ⟨M⟩ = 7/9, 1/3, 5/9 (?), ... jump below saturation: δ⟨M⟩ = 2/9

Schematic magnetization curve

Boundaries of ⟨M⟩ = 1/3 plateau

Damascus: Great Omayyad mosque (around 715)

hM i = 1=3 state

Classical spins (S = ∞)

no selection in collinear uud-manifold ⇒ spin-liquid M.E. Zhitomirsky, Phys. Rev. Lett. 88, 057204 (2002)

S = 1/2 Heisenberg model (Δ = 1)

Correlation functions (N = 36)

• ⟨⃗S_0 · ⃗S_j⟩ > 0 • ⟨⃗S_0 · ⃗S_j⟩ < 0 • site i = 0 radius ∼ |⟨⃗S0 · ⃗Sj⟩| numbers:^hS^{z0}S^{zj i}_hS_{x,y0} S_{x,yj i} rapid decay of correlations

Excitation spectrum (N = 36)

Sz = 5, 7 Sz = 6 (⟨M⟩ = 1/3)

many non-magnetic excitations in magnetic gap

Ising configurations at ⟨M⟩ = 1/3

uud-configurations around each triangle

N^I_{conf} ∝ (1.11372781 . . .)^N

G.H. Wannier, Phys. Rev. 79, 357 (1950) F.Y. Wu, preprint cond-mat/0303251

N N^H_{gap} N^I_{conf} E^{eff}_{gs} /λ 18 13 20 27 31 42 36 100 120 −4.690415760 . . . 54 884 −6.824621992 . . . 81 15 162 −9.970025439 . . . 108 281 268 −13.28992801 . . . 144 13 219 200 −17.63317376 . . .

N lattice size N^I_{conf} # ground-state configurations of Ising model N^H_{gap} # non-magnetic excitations in magnetic gap of Heisenberg model E^{eff}_{gs} ground-state energy of H_{eff}.

Effective Hamiltonian

R. Moessner, S.L. Sondhi, P. Chandra, Phys. Rev. Lett. 84, 4457 (2000) R. Moessner, S.L. Sondhi, Phys. Rev. B63, 224401 (2001)

3^{rd} order perturbation theory in XY -part ⇒

H_{eff}. = λ ∑ hexagon i

| | | i ⟩ ⟨ i

| | | + | | | i ⟩ ⟨ i

| | |

with λ = 3J 2Δ2 Variational wave function: ( √ 3 × √ 3 order in hexagons)

|var⟩ = ∏ p_3�p_3

hexagon j 1 √ 2 | | | |_j ⟩ ± | | | |_j ⟩ ∏ rest k | | k ⟩

⇒ E_{var.} = ⟨var| H_{eff.} |var⟩ = ± λN 9 Excitation spectrum

gap ≈ 1.3λ above valence-bond-crystal (VBC)- type state

R. Moessner, S.L. Sondhi, P. Chandra, Phys. Rev. B64, 144416 (2001)

Overlap full XXZ ↔ H_{eff}. (N = 36)

Comparison: triangular lattice

A.H., J. Schulenburg, J. Richter, J. Phys.: Cond. Mat. 16, S749 (2004) ⇒ S = 1/2 Heisenberg model

VBC-type ground state at hM i = 1/3

exponential # non-magnetic excitations N^H_{gap} ≈ N^I_{conf} in magnetic gap (≈ J/4)

gap ≈ J/25 to all excitations