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• That is a conservation law that leads to an isospectral evolution

V (t) = U V (0)U�1

• Dynamics of gauge theories is governed by integral equations

Z
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Flux =

Z

⌦
Charge

• It connects to integrable field theories

• Integral equations of Yang-Mills theory using

generalized non-abelian Stokes theorem

• Truly gauge invariant conserved charges
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Integrable Field Theories in (1 + 1)-dimensions

• Infinite number of conservation laws
• Inverse scattering method
• Dressing method
• Hirota method
• Classical r-matrix
• Quantum R-matrix
• etc

Linear Problem (@µ +Aµ) = 0

Fµ⌫ = @µA⌫ � @⌫Aµ + [Aµ , A⌫ ] = 0 µ , ⌫ = 0, 1

Aµ lives on a Kac-Moody algebra (infinite dimensional)

Lax-Zakharov-Shabat Equation (zero curvature condition)
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Boundary Condition

At(�L, t) = At(L, t)

W (Ct) = U W (C0)U
�1

iso-spectral evolution

Fµ⌫ = 0 means that W = P e�
R
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d � is path independent
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power series in �: infinite number of conserved quantities

d

dt
Tr [W (Ct)]

n = 0Eigenvalues of W (Ct) are conserved

(no Coleman-Mandula)

Path independency and conservation laws
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F = �A+A ⇤A = 0

Introduce a flat connection A in loop space

Construct the charges using path independency!

2 + 1 dimensions
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Orlando Alvarez, LAF and J. Sánchez Guillén
hep-th/9710147, Nucl. Phys. B529 (1998) 689-736
IJMPA, 24 (2009) 1825 - 1888; arXiv:0901.1654 [hep-th].
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For an infinitesimal ⌃ one gets the di↵erential equation Fµ⌫ =
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5) Relevant for the global aspects of Yang-Mills theory
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Are integrable theories gauge theories? 

Look for theories in d+ 1 dimensions where the equations of motion

take the integral form

Pd�1e
R
@⌦ F = Pd e

R
⌦ J

with � a d-dimensional hyper volume

Examples:

1) Integrable theories in 1 + 1 dimensions (soliton theories)

2) Chern-Simons theories in 2 + 1 dimensions

3) Yang-Mills in 2 + 1 and 3 + 1 dimensions
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