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Abstract

A non-trivial, 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.

Jt .
e Operated by Universities Rlesearch Association Inc. under contract with the United States Department of Energy



~2- FERMILAB-Pub-86/42-T

For the n gluon scattering amplitude, there are j(rn + 2}/2] independent helicity
amplitudes. At the tree level, the two helicity amplitudes which most violate the
conservation of helicity are zero. This is easily seen by embedding the Yang-Mills
theory in a supersymmetric theory 2. Here we give an expression for the next
helicity amplitude, also at tree level, to leading order in the number of colors in
SU(N) Yang-Mills theory.

If the helicity amplitude for gluons 1...n, of momenta p;...p, and helicities
A...Anis Mp(Ay, ... A,), where the momenta and helicities are labelled as though

all particles are outgoing, then the three helicity amplitudes squared of interest are

IMa(+++++..)1° = ealg.N) {0 + O(g*) ] (1)
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where cn(g, N} = g™ *N"?{N?-1)/2"*n and (-7) = p -p;- The sum
is over all permutations, P, of 1...n. Eqn(3) has the correct dimensions for a
n particle scattering amplitude squared and also agrees with the known results34
for n=4, 5 and 6. The agreement for n=6 is numerical.* More importantly, this
set of amplitudes is consistent with the Altarelli and Parisi® relationship for all n,
when two of the gluons are made parallel. This is trivial for the first two helicity

amplitudes but is a highly non-trivial statement for the last amplitude, as shown
below,

Ma(——+++..)2 = o0 (4)
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where s is the corresponding pole and z is the momentum fraction. The result for
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particles 2 and 3 near parallel, eqn(5), is only simple because M,_;(— ++ +...) is
zero to this order in g so that there is no interference term and therefore azimuthal
averaging is not required.

The surprise about this result is that all denominators are simple dot products
of two momenta. The Feynman diagrams for n (> 5) gluon scattering contain
propagators (p; + p; + pe)?, (pi + p; + Pe + Pm)?, ... . These propagators must
cancel for eqn(3) to be correct; this occurs for n=6. Of course, Altarelli and Parisi

have taught us that many cancellations are expected.

Another numerical fact worth mentioning is that to leading order in g but to
all orders in N, the amplitude | Mqu=e(— — + + ++)|* is permutation symmetric
apart from the factor (1-2)*. This allows all permutations of this amplitude to be
trivially calculated from one such permutation.

We do not expect such a simple expression for the other helicity amplitudes.

Also, we challenge the string theorists to prove more rigorously that eqn(3) is cor-
rect.
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