
Commun. Math. Phys. 142, 245-259 (1991) Communications ΪΠ

Mathematical
Physics

© Springer-Verlag 1991

Geometric Singularities and Spectra
of Landau-Ginzburg Models

B. R. Greene1, S.-S. Roan2 and S.-T. Yau3

1 Newman Laboratory of Nuclear Studies Cornell University, Ithaca, NY 14853, USA
2 Max-Planck Institut fur Mathematik Gottfried-Claren-Strafie 26 W-5300 Bonn 3, Federal
Republic of Germany
3 Department of Mathematics, Harvard University, Cambridge, MA 02138, USA

Received July 9, 1990; in revised form January 4, 1991

Abstract. Some mathematical and physical aspects of superconformal string
compactification in weighted projective space are discussed. In particular, we
recast the path integral argument establishing the connection between Landau-
Ginzburg conformal theories and Calabi-Yau string compactification in a
geometric framework. We then prove that the naive expression for the vanishing
of the first Chern class for a complete intersection (adopted from the smooth
case) is sufficient to ensure that the resulting variety, which is generically
singular, can be resolved to a smooth Calabi-Yau space. This justifies much
analysis which has recently been expended on the study of Landau-Ginzburg
models. Furthermore, we derive some simple formulae for the determination of
the Witten index in these theories which are complimentary to those derived
using semiclassical reasoning by Vafa. Finally, we also comment on the possible
geometrical significance of unorbifolded Landau-Ginzburg theories.

1. Introduction

During the past year much progress has been made in understanding the
previous mysterious connection between minimal model string vacua [1] and
geometrical compactification on manifolds with trivial canonical bundle [2, 3].
The unifying link between the two is a Landau-Ginzburg description of the
minimal model theories which gives rise, with little difficulty, to a nonlinear
sigma model with Calabi-Yau target space. In particular, an orbifold of the
Landau-Ginzburg theory lies in the same universality class as a string
propagating in a Calabi-Yau background embedded in weighted projective
space. Weighted projective space, unlike ordinary projective space, has quotient
singularities. Hence, a generic Calabi-Yau manifold embedded in such a
background has such singularities as well.


