Parke & Taylor

VOLUME 56, NUMBER 23 PHYSICAL REVIEW LETTERS 9 JUNE 1986
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A nontrivial squared helicity amplitude is given for the scattering of an arbitrary number of
gluons to lowest order in the coupling constant and to leading order in the number of colors.
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Computations of the scattering amplitudes for the used to improve the existing numerical programs for
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Abstract

We present a detailed derivation of a new and efficient technique based on the tech-
nology of four-dimensional heterotic strings, for computing one-loop amplitudes in gauge
theories, along with expressions for the one-loop dimensionally regularized helicity ampli-
tudes for the process with four external gluons. We also give a set of computational rules
presupposing ignorance of string theory.
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We present the one-loop helicity amphitudes with five external gluons, The computation employs
string-based methods, new techniques for performing tensor integrals, and improvements in the spinor
helicity method.

5 gluon loop amplitude iIs simple!
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Abstract

We present a technique which utilizes unitarity and collinear limits to construct ansatze
for one-loop amphtudes in gauge thecory. As an example, we obtain the one-loop contribu-
tion to amplitudes for n-gluon scattering in N = 4 supersymmetric Yang—Mills theory with
the helicity configuration of the Parke—Taylor tree amplitudes. We prove that our N =4
ansatz i1s correct using general properties of the relevant one-loop n-point integrals. We also

give the “splitting amplitudes” which govern the collincar behavior of one-loop helicity
amolitudes 1n gauge theories.
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Simplicity at one-loop in gauge theory.
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Abstract

We identify a large class of one-loop amplitudes for massless particles that can be constructed
via unitarity from tree amplitudes, without any ambiguities. One-loop amplitudes for massless su-
persymmetric gauge theories fall into this class; in addition, many non-supersymmetric amplitudes
can be rearranged to take advantage of the result. As applications, we construct the one-loop am-
plitudes for n-gluon scattering in N = 1 supersymmetric theories with the helicity configuration of
the Parke-Taylor tree amplitudes, and for six-gluon scattering in N = 4 super-Yang-Mills theory
for all helicity configurations.
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Abstract

We present the first explicit formule for the complete set of one-loop helicity amplitudes
necessary for computing next-to-leading order corrections for e™e¢™ annihilation into four jets, for
W, Z or Drell-Yan production in association with two jets at hadron colliders, and for three-jet
production in deeply inelastic scattering experiments. We include a simpler form of the previously
published amplitudes for e*e™ to four quarks. We obtain the amplitudes using their analytic
properties to constrain their form. Systematically eliminating spurious poles from the amplitudes
leads to relatively compact results. () 1998 Elsevier Science B.V.
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Abstract

We present the two-loop pure peugre contribution to the gloon-ghion scattering amplitude with
maximal helicity violation. Our construction of the amplitude does not rely directly on Feynman
diagrams, but instead uses its analytic properties in 4 — 2¢ dimensions. We evaluate the loop
integrals appearing in the amplitude through P(e”) in terms of polylogarithms.
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“amplitudes” became “Amplitudes” in 2004
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Perturbative Gauge Theory
As A String Theory In Twistor Space

Edward Witten
Institute For Advanced Study, Princeton NJ 058540 USA

Perturbative scattering amplitudes in Yang-Mills theory have many unexpected proper-
ties, such as holomorphy of the maximally helicity violating amplitudes. To interpret these
results, we Fourler transform the scattering amplitudes from momentum space to twistor
space, and argue that the transformed amplitudes are supported on certain holomorphic
curves. This i turn 1s apparently a consequence of an equivalence between the pertur-
bative expansion of N' = 4 super Yang-Mills theory and the D-instanton expansion of a
certain string theory, namely the topological B model whose target space 1s the Calabi-Yau

supermanifold CP314,
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The 2nd Era of Studying UV In Sugra

Is A" = 8 Supergravity Ultraviolet Finite?
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Conventional wisdom holds that no four-dimensional gravity field theory can be ultraviolet fimte.
This understanding is based mainly on power counting. Recent studies confirm that one-loop A" = 8
supergravity amplitudes satisfy the so-called “no-triangle hypothesis”, which states that trniangle
and bubble integrals cancel from these amplitudes. A consequence of this hypothesis 15 that for any
number of external legs, at one loop N = 8 supergravity and A" = 4 super-Yang-Mills have identical
superficial degrees of ultraviclet behavior in IJ dimensions. We describe how the umtarnty method
allows us to promote these one-loop cancellations to higher loops, suggesting that previous power
counts were too conservative. We discuss higher-loop evidence suggesting that A" = 8 supergravity
has the same degree of divergence as N' = 4 super-Yang-Mills theory and is ultraviolet finite in four
dimensions. We comment on calculations needed to remnforce this proposal, which are feasible using
the unitarnty method.
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No real calculations!

Abstract says: “We comment on calculations needed ...” not “We calculate ...”
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ty Divergences Came Back to Life.

Pictures...

UCLA Royce Hall,
Mondrian-like art.

Conventional wisdom holds that no four-dimensional |
gravitational theory can be fihite, However, using mo¢em
computational methods baseli on unitarity, it has beel
shown that N=8 supergravity is less divergent than
previously thought, More cahcellations may well be il

-theoretic argument .

e ultraviolet properties f
N=8 supergravity in the light

The intimate connection of N=g
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