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On Regge kinematics in SCET
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We discuss the kinematics of the particles that make up a Reggeon in field theory, using the
terminology of the Soft Collinear Effective Theory (SCET). Reggeization sums a series of strongly-
ordered collinear emissions resulting in an overall Reggeon exchange that falls in the Glauber or
Coulomb kinematic region. This is an extremely multi-scale problem and appears to fall outside of
the usual organizing scheme of SCET.

1. INTRODUCTION

In the 1960’s it was discovered, through a combina-
tion of general principles and phenomenology, that the
high energy behavior of hadron scattering amplitudes is
governed by Regge exchanges, in particular by Pomeron
exchange[1, 2, 3, 4, 5]. The region of applicability for
these techniques is

s → ∞ t fixed (1)

where s, t are the usual Mandelstam variables. While
it is known how Regge behavior emerges in a field the-
ory, the original applications were not derived from any
fundamental theory of the strong interactions. With the
advent of QCD, Regge behavior has also been found for
quarks and gluons[6, 7, 8, 9, 10, 11, 12, 13, 14]. These are
applicable in the Regge region as long as t is large enough
that a perturbative treatment is possible. This has led
to concepts such as the “Reggeized gluon” and the “hard
Pomeron”. Most recently, these ideas have been revived
in the experiments at HERA[15]. While the “hard” and
“soft” Reggeon regions are phenomenologically distinct,
both types of behavior exist1.

In a more recent development, an effective field theory
for the QCD interactions of very high energy quarks and
gluons has been formulated. This separates the high en-
ergy degrees of freedom interacting with a high energy
particle into collinear modes and soft modes, hence the
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1 Note that the word ”soft” in traditional hadronic usage differs

somewhat from the same word in the Soft Collinear theory, which
has a more technical definition described below.

name Soft Collinear Effective Theory (SCET)[16, 17, 18,
19, 20, 21]. This theory has been very useful in organiz-
ing theoretical calculations, especially in the decays of
heavy hadrons and high energy phenomena.

If the high energy behavior of scattering amplitudes is
dominated by Regge exchange, one should expect that
these ideas must also find a description within a theory
such as SCET that describes the high energy degrees of
freedom. To this end we here discuss the ideas of Regge
theory in the language of SCET. There must be a region
of compatibility of these two approaches. It turns out
that a Reggeon exchange is an unusual object in SCET,
one which emerges from a ordered series of collinear ex-
changes but which produces an object of a different char-
acter.

The relevance of Regge exchange for phenomenology
follows from the emergence of power-law behavior for
scattering amplitudes. An amplitude that behaves like
(αs ln s)n in some order of perturbation theory sums to
sα(t) in the Regge region. Note that the traditional no-
tation for a Regge exponent α(t) should not be confused
with the QCD coupling αs. The latter will always carry
the subscript s in this paper. Since Reggeized gluons
and the hard Pomeron (and also the soft Pomeron) carry
α(t) > 0, this can lead to an enhanced power behavior
of interactions in the Regge region, with an effect larger
than estimated in naive perturbative power counting.

2. KINEMATIC REGIONS

The asymptotic Regge behavior comes from the sum-
mation of the ladder graphs shown in Figure 1. In this
figure we treat all particles as scalars because we are pri-
marily interested in kinematics, although we will refer to
the particles as gluons.
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