Dynamical Spin Structure Factor for the Anisotropic Spin-1/2 Heisenberg Chain

Rodrigo G. Pereira,! J. Sirker,! J.-S. Caux,? R. Hagemans,? J. M. Maillet,> S. R. White,* and I. Affleck!

! Department of Physics and Astronomy, University of British Columbia, Vancouver, British Columbia, Canada V6T 171
2 Institute for Theoretical Physics, University of Amsterdam, 1018 XE Amsterdam, The Netherlands
3 Laboratoire de Physique, Ecole Normale Supérieure de Lyon, 69364 Lyon CEDEX 07, France
4 Department of Physics and Astronomy, University of California, Irvine CA 92697, USA

One important quantity for transport properties of spin chains is the longitudinal dynamical structure factor
S%% (q,w), defined as the Fourier transform of the (S%S*) correlation function. The low-energy picture says that
S5%% (q,w) for small wave vector ¢ is simply given by a delta peak at the energy w = v|q| carried by the free bosons
of the Luttinger model (v is the spin-wave velocity). However, for any finite ¢ this sharp peak should be broadened
due to irrelevant interactions that allow the bosons to decay. In this work we combine field theory, Bethe ansatz
and density matrix renormalization group (DMRG) to calculate S** (¢,w) for the anisotropic spin-1/2 Heisenberg
chain for general values of anisotropy and magnetic field. We argue in favor of a ¢? scaling of the peak width at
finite field. We also discuss the lineshape suggested by numerical Bethe ansatz calculations. Finally, we calculate
the high-frequency tail (w > v|q|) using a low-energy effective Hamiltonian and present evidence that the lineshape
depends on the integrability of the lattice model.
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