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NLO CORRECTIONS TO THE WANDZURAÄWILCZEK,
TWIST-3, NUCLEON DVCS AMPLITUDE FACTORIZE !
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We computed the NLO corrections to twist-3, L → T Å �avor nonsinglet amplitude in DVCS
on a nucleon in the WandzuraÄWilczek approximation. Explicit calculation shows that factorization
holds for NLO contribution to this amplitude, although the structure of the factorized amplitude at the
NLO is more complicated than in the leading-order formula.
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¢ ´´µ°  ³¶²¨ÉÊ¤Ò ¢ ´¥¢¥¤ÊÐ¥³ ¶·¨¡²¨¦¥´¨¨ Ö¢²Ö¥É¸Ö ¡µ²¥¥ ¸²µ¦´µ°, Î¥³ ¢ ¢¥¤ÊÐ¥³.

Deeply virtual Compton scattering (DVCS) [1Ä8] on a nucleon, γ∗N → γN ′,
is perhaps the cleanest hard reaction sensitive to the generalized parton distrib-
utions (GPD). According to celebrated factorization theorems [9Ä11] the leading
term in the 1/Q2 expansion of the DVCS amplitude, where Q2 is large virtuality
of the hard photon, can be expressed in terms of twist-2 generalized parton distri-
butions. Twist-2 GPD's are related to matrix elements of nonlocal twist-2 quark
and gluon string operators. These matrix elements contain complete information
about nucleon structure seen by a highly-virtual electromagnetic probe. For that
reason in recent years DVCS has been the subject of extensive theoretical inves-
tigations. First experimental data have also became recently available (see, e.g.,
[12Ä15]) and much more data are expected from JLAB, DESY, and CERN in the
future.

The LO contribution to the DVCS amplitude on the nucleon to the
twist-3 accuracy has been calculated in [16,17]. Twist-3 corrections to the DVCS
amplitude arise in a twofold way. First, as usual for a hard exclusive process,
the hard amplitude with an additional parton, the gluon, taking part in the hard
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collision is suppressed by one power of 1/Q. Such a genuine twist-3 contribu-
tion involves matrix element of three-parton operator in a nucleon state. Second,
there is the so-called WandzuraÄWilczek (WW) contribution which arises from
a conˇguration with minimal number of partons involved in the hard collision.
Formally, the WW contribution arises because operators with external derivatives
w.r.t. total translation in a transverse direction give nonzero contribution in the
DVCS kinematics. As the current phenomenology of power corrections is con-
sistent with an assumption that matrix elements of three-parton operators in a
nucleon are small [18], one can conjecture that the WW contribution can provide
a rather accurate numerical description of twist-3 corrections.

Recently, we have computed the NLO contribution to the WW twist-3,
L → T �avor nonsinglet DVCS amplitude. Besides obvious phenomenologi-
cal applications, there is a broader, theoretical interest in such a calculation. A
factorization theorem for twist-3 DVCS amplitude has neither been considered
nor proven in the literature. As a consequence, although the direct calculation
showed that the LO L → T amplitude factorizes, there is no guarantee that fac-
torization prevails in higher orders as well. At the same time there have been no
direct calculations supporting or disproving factorization of twits-3 contribution
to DVCS beyond the leading order. Although computation of one-loop, �avor
nonsinglet amplitude may seem trivial, based on experience with NLO corrections
to twist-2 amplitudes, calculation of NLO twist-3 contribution has turned out to
be technically quite involved, warranting a more detailed discussion. Our calcu-
lation demonstrates that the amplitude does factorize at the NLO. It is tempting to
interpret it as a hint that the factorization holds for this particular twist-3 DVCS
helicity amplitude to all orders.

Calculation of NLO corrections to the L → T amplitude requires knowledge
of the nucleon matrix element of vector and axial-vector nonlocal quark string
operators

〈p′|ψ̄(x)γσψ(y)|p〉 (1)

and
〈p′|ψ̄(x)γσγ5ψ(y)|p〉 (2)

to the twist-3 accuracy but for arbitrary x and y. In the WandzuraÄWilczek
approximation the result is given in terms of distribution functions which para-
metrize matrix elements of string operators restricted to the light-cone:
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To simplify notation, we have omitted in the above formulae the path-ordered
exponential connecting the quark ˇelds.

Feynman diagrams for the NLO correction in WW approximation for H(k, k′, k′′)

Corresponding Feynman diagrams shown in the ˇgure are the same as for the
NLO contributions to twist-2 amplitude. Nevertheless, besides trivial technical
complications due to derivatives of corresponding diagrams w.r.t. external mo-
menta, some new subtleties appear here. It turns out that to twist-3 accuracy the
L → T amplitude has formally the same structure as corresponding piece of the
L → L amplitude which appears at the NLO and describes the twist-2 transition
between longitudinally polarized initial and ˇnal photons. In the massless QCD
the corresponding contribution to the hadronic tensor has logarithmic singularity
∼ ln

[
q2/q′2

]
as the virtuality of the ˇnal photon tends to zero. Of course, the

L → L scattering amplitude obtained by contraction with polarization vectors of
initial and ˇnal photons vanishes in this limit. In order to obtain the NLO con-
tribution to the L → T amplitude one has to subtract properly regulated L → L
amplitude. A convenient method for regularizing loop integrals arising at the
NLO is provided by dimensional regularization. We kept space-time dimension
d = 4−2ε keeping virtuality of the ˇnal photon small but different from zero and
applied the MS subtraction scheme. For the γ5 matrix in d dimensions we used
the t'HooftÄVeltman deˇnition in terms of four antisymmetric gamma-matrices.
Powerful check of the resulting calculation is provided by the electromagnetic
gauge-invariance of the ˇnal answer. We computed all possible contributions
and checked that in the sum of all diagrams only such combination of momenta
appears which is consistent with electromagnetic gauge-invariance.

In order to complete proof of factorization of the L → T amplitude at the
NLO one has to demonstrate that the structure of singular terms is indeed such
that they can be absorbed, following the standard procedure, into renormalization
of the LO L → T amplitude. We have shown this by deriving explicitly one-
loop evolution equations of the transverse components of the light-cone matrix
elements (3) and (4). As follows, the NLO correction to the L → T amplitude
can be put into a factorizable, free of explicit IR singularities, self-consistent
form.

To summarize, explicit calculation shows factorizability of the NLO cor-
rection to the twist-3, WandzuraÄWilczek, �avor nonsinglet DVCS amplitude
corresponding to scattering of longitudinal photon off nucleon. We have shown
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that, similarly to the LO, the singularity structure of the corresponding Wilson
coefˇcients is such that the convolution integrals with GPD's are well deˇned.
After the interference with the twist-2, LL amplitude is properly taken into ac-
count, all IR singular terms arising in the calculation of the L → T amplitude
can be absorbed into renormalization of the LO result in a usual manner. Besides
the phenomenological applications our result strongly suggests that factorization
holds for the twist-3, L → T DVCS amplitude beyond LO and possibly to all
orders in the αS expansion.
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