Zeitschrift: Helvetica Physica Acta

Band: 65 (1992)

Heft: 2-3

Artikel: SO(3)- model of doped two-dimensional spin 1/2 Heisenberg
antiferromagnet

Autor: Holz, A.

DOl: https://doi.org/10.5169/seals-116467

Nutzungsbedingungen

Die ETH-Bibliothek ist die Anbieterin der digitalisierten Zeitschriften auf E-Periodica. Sie besitzt keine
Urheberrechte an den Zeitschriften und ist nicht verantwortlich fur deren Inhalte. Die Rechte liegen in
der Regel bei den Herausgebern beziehungsweise den externen Rechteinhabern. Das Veroffentlichen
von Bildern in Print- und Online-Publikationen sowie auf Social Media-Kanalen oder Webseiten ist nur
mit vorheriger Genehmigung der Rechteinhaber erlaubt. Mehr erfahren

Conditions d'utilisation

L'ETH Library est le fournisseur des revues numérisées. Elle ne détient aucun droit d'auteur sur les
revues et n'est pas responsable de leur contenu. En regle générale, les droits sont détenus par les
éditeurs ou les détenteurs de droits externes. La reproduction d'images dans des publications
imprimées ou en ligne ainsi que sur des canaux de médias sociaux ou des sites web n'est autorisée
gu'avec l'accord préalable des détenteurs des droits. En savoir plus

Terms of use

The ETH Library is the provider of the digitised journals. It does not own any copyrights to the journals
and is not responsible for their content. The rights usually lie with the publishers or the external rights
holders. Publishing images in print and online publications, as well as on social media channels or
websites, is only permitted with the prior consent of the rights holders. Find out more

Download PDF: 26.11.2025

ETH-Bibliothek Zurich, E-Periodica, https://www.e-periodica.ch


https://doi.org/10.5169/seals-116467
https://www.e-periodica.ch/digbib/terms?lang=de
https://www.e-periodica.ch/digbib/terms?lang=fr
https://www.e-periodica.ch/digbib/terms?lang=en

Vol. 65, 1992 Contributed Papers: Quantum Systems 427

SO(3)-s MODEL OF DOPED TWO-DIMENSIONAL SPIN-1/2
ANTIFERROMAGNET
A. Holz, Theoretische Physik, Universitit des Saarlandes, 6600 Saarbriicken, FRG.

Abstract. A theory of the doped spin-1/2 Heisenberg antiferromagnet (HA) is developed
within the concept of a SO(3)-6 model, recently studied [1] for the undoped system.
Disordered states of the HA are discussed via topological defects of the SO(3)-G model
supplemented by line defects due to discrete nature of lattice structure.

Introduction. A semiclassical action I'__ of a doped spin-1/2 HA based on the gauge group
Gp = SO(3) x SU(2) is derived according to a method suggested in ref. 1. Some qualitative
features of the resulting SO(3)-¢ model with respect to mobility and superconding pro-
perties of charge are discussed within the context of the defect structure of the model.

The Hamiltonian of the electron doped two-dimensional (2-D) spin-1/2 HA may be
represented in the form

- ) + + t ~ + + +
H—J(%)Si Sj(l—eiei)(l—ejej) EZJ jﬁﬂl%eieiﬂsiZei e,(a;, +a;). (1)

The first term refers to the spin-1/2 HA (J > 0) and e:ei = 0,1 measures occupancy of
spin sites by extra electrons, where {e.,eT} = 3y The spin operators are expressed in
the form 8, = ﬁ[—%—(ai* +ta)e + %—i(—a'ir + ai)ey + (a;"ai - %)ez:l. The operators aif, a, obey for
i =jandi=j Bose and Fermi commutation relations, respectively. The second and third
term in (1) refer to the hopping motion of extra electrons and their chemical potential,
respectively. Referrmg (a ,a,) to a state, where all spins point down, one may use the
identities cj¢ = € - a aJ) N;:, = e;ra;raj and their adjoints. The sets of operators (a a,)
and (e 8 commute among each other. The last term in (1) allows for a stochastic change
of n, = a*a durmg times when the site is in a singlet state (e e. = 1). For hole doping
one replaces (e ,¢;) by hole operators (h ,h,) and uses c = h (1- a a) = h'a'a

i %%
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Gauge Transformation Eq. (1) will be subject to an unitary transformation H - H =
u'Hu - inuto .U, of the type (applying to all electrons), Cjo C. 1/2)

h R(l/Z) j,6 _ Tjest Vj,e'?
where SU(2) The first term of H' can be expressed m the form

H® =128, 2" 8;01-efe - ee)+£%:>NTGRJ;(Z2)NLG.+...., @)
where the third and fourth term in (1) remain invariant, and
Rl =2° %, R cso@), RV spl2. gt (3
The second term in H' is given by
D = - 0D P00 17, + 2B ZIKDE ET 0. 0

Here the first term refers to the doped spin-1/2 HA and can be expressed in the form [1]
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and the second term of (5) refers to extra electrons. H''" and H'? will produce po-

tential and kinetic as well as topological phase terms in I'__, respectively.

R, and }2?/2) may be parametrized by Euler angles (c«,,B,,Y,). Due to the antiferro-
magnetic (AF) coupling of spins it is more convenient to use locally a staggered arrange-
ment of spins. This suggests the use of

1/2) ‘
1/2) 1/2 R (m,m,0), i € L
Ri‘ = R )(ai,Bi,Yi)- {1(1/2) i f‘-ﬁ (6)
where I''? is a unit matrix in SU(2), and an analogous relation in SO(3). L, represents

the set of lattice points, where the spin has been rotated by 180° around the x-axis.
L, may represent a Neel sublattice containing defects in the form of domain boundaries.

Integrating out the operators (a;,ai), will result [1] in an action I'__ depending on
the set {o;,B,,Y;} and its time derivative, on the defect structure of LA and on the par-
ticle (e;,ei) respectively hole (h;,hi) operators. I'__ governs the dynamics of the SO(3)-¢
model corresponding to the doped spin-1/2 HA.

Defect States and Mobility of Charge. The motion of charge in the doped spin-1/2 HA
preferentially takes place along domain boundaries, which become displaced perpendicu-
larly to their original orientation. In case of dilute doping (c4 = 0) domains may be small
and disconnected, leading to hole localization (insulating states). For c4 = O(1) the AF
order may be destroyed leading to an interconnected system of domain boundaries and
to extended charge orbits (metallic state). In addition the SO(3)-model features defects
which may be classified by m,(SO(3)) = Z, and w,(SO(3)) = Z. The fundamental group
refers to disclination like defects in 2+1-D space time, whereas m (SO(3)) measures the
entanglement of “"disclinations” of strengths s ¢ Z and s ¢ Z+1/2, and allows a connec-
tion with the approach in ref. 2. A measure of m4(SO(3)) is the Wess-Zumino term which
replaces the Hopf term in a O(3)-6 model, and supposedly governs the statistics of the
model. In I'__ for c4 = 0, only a phase term of Berry's type was found [1]. A discussion
of the topological properties of the SO(3)-6 model in terms of O(3)-c models has been
given in [3]. This suggest a simple explanation of the development of superconducting
states in the SO(3)-6 model along the lines given in [4] for the O(3)-6 model. In parti-
cular charge may form composite objects with disclination cores (encircling these objects
along domain boundaries) leading to peculiar normal and superconducting properties.
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