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THE UNREASONABLE EFFECTIVENSS
OF MATHEMATICS IN THE NATURAL
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Let me end on a more cheerful note. The miracle of the appropriateness of the language of
mathematics for the formulation of the laws of physics is a wonderful gift which we neither

understand nor deserve. We should be grateful for it and hope that it will remain valid in future
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Quantum Field Theory and the Jones Polynomial *

Edward Witten **

School of Natural Sciences, Institute for Advanced Study. Olden Lane, Princeton,
NJ 08540, USA

Abstract. It is shown that 2 + 1 dimensional quantum Yang-Mills theory, with Witten 1989
an action consisting purely of the Chern-Simons term, 1s exactly soluble and -

gives a natural framework for understanding the Jones polynomial of knot (71 —=ILZAR)
theory in three dimensional terms. In this version, the Jones polynomial can be

generalized from S° to arbitrary three manifolds, giving invariants of three

manifolds that are computable from a surgery presentation. These results shed

a surprising ncw light on conformal field theory in 1 + 1 dimensions.
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Haken’s Gordian knot
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EXACTLY SOLVABLE MODELS AND
PACIFIC J\O{:;I'RII;I;\,LNiFZr‘VlgTSI:EMATICS KNOT THEORY

A _i — "

Jones 1989

ON KNOT INVARIANTS RELATED TO

SOME STATISTICAL MECHANICAL MODELS Akutsu Deguchi Wadati 1987-
V. F. R. JONEs Miki WADATI and Tetsuo DEGUCHI
Dedicated to the memory of Henry Dye Institute of Physics, College of Arts and Sciences, University of Tokyo, Komaba, Meguro-ku,

Tokyo, Japan 153
We use three different kinds of statistical mechanical models to

construct link invariants. The vertex models emerge as the most gen- and
eral. Our treatment of them is essentially the same as Turaev’s. Using
. . . Yasuhi
the work of Goldschmidt we are able to define models whose invari- SIS ARRAS
ants are homology invariants for branched covers. Thus the statistical Institute of Physics, Kanagawa University, Rokkakubashi, Kanagawa-ku, Yokohama, Kanagawa,
mechanical framework embraces both the “classical” and the “new” Japan 221

link invariants.
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Witten 1989

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, i1s to understand the spin models formulated only rather recently [24] in
which the spectral parameter is not an abelian variable (as in previous construc-
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Costello 2013

SUPERSYMMETRIC GAUGE THEORY AND THE YANGIAN

KEVIN COSTELLO

INTRODUCTION

In recent years, great progress has been made in performing exact calculations in
the N = 2 and N = 4 supersymmetric gauge theories. Exact calculations can be made
in the N = 2 theory by considering the topological twist and using the method of lo-
calization [Nek02]. Inspired by the AdS/CFT correspondence, an integrable structure
has been discovered in the N = 4 gauge theory, leading to many exact calculations
[ABMS11, AHBC'10]. However, the N = 1 gauge theory has proved more difficult; it
is not integrable, and does not admit a topological twist.

Quivers, YBE and 3-manifolds

Masahito Yamazaki

Princeton Center for Theoretical Science,

MY 201 2, 2013 Princeton University, Princeton, NJ 08544, USA

New Integrable Models
from the Gauge/YBE Correspondence

Masahito Yamazaki*:®

* Kavli Institute for the Physics and Mathematics of the Universe (WPI),
the University of Tokyo, Chiba 277-8583, Japan

© Princeton Center for Theoretical Science, Princeton University, Princeton, NJ 08544, USA
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Gauge Theory and Integrability, |

Kevin Costello, Edward Witten, Masahito Yamazaki

Costello Witten

Download PDF

Several years ago, it was proposed that the usual solutions of the Yang-Baxter equation associated
to Lie groups can be deduced in a systematic way from four-dimensional gauge theory. In the
present paper, we extend this picture, fill in many details, and present the arguments in a concrete
and down-to-earth way. Many interesting effects, including the leading nontrivial contributions to
the R-matrix, the operator product expansion of line operators, the framing anomaly, and the
quantum deformation that leads from g[[z]] to the Yangian, are computed explicitly via Feynman
diagrams. We explain how rational, trigonometric, and elliptic solutions of the Yang-Baxter equation
arise in this framework, along with a generalization that is known as the dynamical Yang-Baxter
equation.

Comments: 141 pp

Subjects: High Energy Physics - Theory (hep-th); Statistical Mechanics (cond-mat.stat-mech); Quantum
Algebra (math.QA)

Journal reference: ICCM Not. 6, 46-119 (2018)
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