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Abstract: <p>l will demonstrate that SL(2,Z) duality is a property of al low-energy effective Abelian theories with electric or magnetic charges The
duality will be verified at one loop by comparing the amplitudes in the case of an electron and the dyon that isits SL(2,Z) image, and | will show
that it can be extended order by order in perturbation theory. | will discuss how the duality generically breaks down at high energies, and show how
the results apply to the Seiberg-Witten theory.</p>
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charge quantization
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Dirac

non-local action?
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Schwinger

dyons
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Zwanziger

non-Lorentz invariant, local action?
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electric magnetic
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Witten

effective charge shifted
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't Hooft-Polyakov

topological monopoles
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Argyres-Douglas
A

CFT with massless electric and magnetic charges
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E-M Duality
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Tiling the coupling plane
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Cardy and Rabinovici Nucl. Phys. B205 (1982) 1
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N = 4 SUSY
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weak <-> weak duality
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Anomalies
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Zwanziger Generalized
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SL(2,Z) and Maxwell
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Mapping the Charge
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Axial Anomaly from SL(2,Z)
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SU(N)4U(1) Anomaly
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SU(N)2U(1) Anomaly
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Helicity Amplitudes
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Local Coupling
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Local Coupling
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Squares| of Amplitudes
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as required by duality
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Squares| of Amplitudes
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propagator ~ Z e (k
)y

+ helicity transforms by er* + d
— helicity transforms by er + d

holomorphically normalized amplitude
transforms as a modular form:
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every term in the series gets the same phase
squares of canonically normalized amps are equal
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Higher Orders

propagator ~ Z ena(k)ed, (k) transforms by |er + d|?
A
+ helicity transforms by e7* 4 d
— helicity transforms by er + d

holomorphically normalized amplitude
transforms as a modular form:
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every term in the series gets the same phase
squares of canonically normalized amps are equal
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2rgy Breakdown

Witten chatge is valid at low-energies

0
Q=g+yg—

distribution of 0 charge is determined
by fermion zero modes around a monopole

electric and magnetic form factors are
generically different at short distances
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Seib¢ en

monopole near . )
the singularity
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Conclusions

Anomalies for monopoles and dyons can be
easily calculated

Low-energy effective U(1) theories enjoy an
SL(2,Z) duality

SL(2,Z) duality does not interchange strong & weak
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Squares | of Amplitudes
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Helicity Amplitudes
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