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We construct modular invariant partition functions for strings which propagate on a group
manifold. These string characters are built upon automorphisms of affine Kac-Moody algebras.
Namely, to each element of the center of the group we associate infinite series of modular
invariant string characters.
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We discuss the Ward identities of the Wess-Zumino-Witten models on Riemann surfaces and
point out some ambiguities in the description of the zero modes of the currents. In the case of the
torus, we show how to describe them and we write the Ward identities in such a way that they
become complete. We examine in detail how the Ward identities are related to the Kubo-Martin-
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We give a formulation of the Wess—Zumino—-Witten models on Riemann surfaces of arbitrary
genus in which the Ward identitics for the current algebras become complete. It requires (wisting
the models in a non-abelian way by Lie group elements. The Ward identities are written in terms
of twisted Poincaré series for Schottky groups and the zero modes of the currents are defined by a

As an ill ion of lhif A‘ ion, we present a new proof of the Lie derivation acting on the twists. Furthermore, we identify the denominator of the chiral
Weyl-Kac character formula. The proof essentially relies on the mixed Virasoro X Kac-Moody partition function and we argue that both the numerator and the denominator of the partition
Ward identities and explains the relation of the heat equation on the group manifold to the function satisfy a heat equation on the moduli space.

Weyl-Kac character formula.
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The SU(n) quantum chains with inverse-square exchange exhibit a novel form of Yangian symme-
try compatible with periodic boundary conditions, allowing states to be countable. We characterize
the “supermultiplets” of the spectrum in terms of generalized “occupation numbers.” We embed
the model in the k=1 SU(n) Kac-Moody algebra and obtain a new classification of the states of
conformal field theory, adapted to particlelike elementary excitations obeying fractional statistics.

PACS numbers: 05.30.-d, 71.10.+x

In this Letter, we introduce a new deseription of the
states of non-Abelian conformal field theories that is in
some sense a generalization of the Fock-space occupation-
number description to describe excitations of an ideal gas
with fractional statistics [1]. This is applicable to, e.g.,
the “spinon” excitations in a gapless Fermi fluid (Lut-
tinger liquid) with spin-charge separation, in one or pos-
sibly higher spatial dimension. The results also appear
to shed new light on the algebraic structures of integrable
models, placing the Bethe-ansatz-solvable models in the
context of a larger family of models, and identifying the
inverse-square interaction models as possibly the simplest
example of Yang-Baxter integrability, where the excita-
tions have purely statistical interactions.

These results have emerged from an extensive study
by three of us [2] of the remarkable underlying symmetry
algebra of the § = } Heisenberg spin chains with inverse-
square interactions [3,4], and an embedding of this model
and its SU(n) generalizations in conformal field theory.
As that study reached completion, it became apparent
that the algebraic structures under investigation were a
novel presentation of the Yangian algebra [5] that has
been emphasized by another of us [6] as the key algebraic
structure in integrable models with non- Abelian symme-
try. The novel feature is that in contrast to the usual
presentation (e.g., in Bethe-ansatz models [7]), this form

of the Yangian can coexist with periodic boundary con-
ditions that make states countable.

We will first describe the integrable spin-chain Hamil-
tonians

where Pj; exchanges the states on sites i and j. The
primed sum omits equal values of the summation vari-
ables, and z;; = z; — 2;. The distinct complex numbers
z; parametrize the lattice sites. Translational invariance
is present if {z,} = {w"}; inversion symmetry (2; — 1/2)
means we can choose |w| < 1.

There are two families of models where Hz is Her-
mitian and translationally invariant. The trigonometric
models have w = exp(2xi/N), and N distinct sites on a
circle, with exchange between sites proportional to the
inverse-square of their chord distance. With two states
per site [SU(2) or § = & Heisenberg chain| this model
was independently introduced in [3] and [4], and has a
straightforward SU(n) generalization [1, 8] to n states
per site. The hyperbolic family has N = co, and real
w in the ranges [—1,1]. Rescaling Hy in the singular
limit w — 0 gives the familiar nearest-neighbor-exchange
Bethe-ansatz (BA) model [9, 10]. The rescaled limits of
the hyperbolic and trigonometric models as w — 1 co-
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