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that using only general principles of three-dimensional quantum field theory and the 
notion of two-dimensional "duality", the evaluation of Wilson lines can be reduced 
to the IRF models that first appeared in the literature on statistical mechanics. 
(More detailed philosophy and references can be found in the introduction to that 
paper.) Though many of the considerations in ref. [19] amounted just to rearrange- 
ments of what was previously known in the statistical mechanics and knot theory 
literature, this rearrangement may be illuminating. It seems that there is a potential 
here for an eventual explanation of why integrable IRF models exist. (Such an 
explanation was not achieved in ref. [19] except in special cases since the construc- 
tion beginning with Chern-Simons gauge theory of a compact gauge group does not 
appear to explain in general the origin of the "spectral parameter", which is 
essential for integrability. Another parameter, the "elliptic modulus", is also missing 
in this construction.) 

The purpose of the present paper is to attempt to understand vertex models in a 
similar spirit. Our goal is to show on a priori grounds why the IRF procedure for 
computing expectation values of Wilson lines can be re-expressed in terms of vertex 
models. Applied to the spin one-half representation of SU(2), the procedure we use 
gives back a variant of the original six-vertex model solved by Lieb in the 1960's [1]. 
It also gives the vertex model description of the Jones polynomial. 

Since quantum groups are intimately connected with vertex models, one naturally 
believes that if one has an a priori explanation of why vertex models can be used to 
evaluate Wilson line expectation values, it must also be possible to give an a priori 
explanation of the existence of quantum groups. This then is our task in sect. 3. We 
show, just by drawing simple pictures, that it must be possible to summarize the 
data in Chern-Simons gauge theory with gauge group G in terms of a Hopf algebra 
deformation of the universal enveloping algebra of G. Such deformations, found by 
Drinfeld, Jimbo and Woronowicz [9-11], have been called QUE algebras (or 
quantized universal enveloping algebras); QUE algebras are related to quantum 
groups the way Lie algebras are related to ordinary groups. In sects. 4 and 5, we 
enter the computational stage, and show explicitly that, at least for SU(2), the Hopf 
algebra deformation found in sect. 3 is equivalent to the usual QUE algebra (which 
appears in a presentation closely related to that of Woronowicz [11]). So we can 
offer what one might regard as a partial explanation of the existence of quantum 
groups: quantum groups (or at least quantum Lie algebras) must exist because 
three-dimensional Chern Simons gauge theory (and the commutative algebraic 
geometry associated with it) exists. 

There are several obvious areas for further investigation. In terms of statistical 
mechanics, one compelling question is to understand the origin of the spectral 
parameter (and the elliptic modulus) in IRF and vertex models; this is essential for 
explaining the origin of integrability. Another question, which may or may not be 
related, is to understand the spin models formulated only rather recently [24] in 
which the spectral parameter is not an abelian variable (as in previous construc- 




























































































