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We study the production of forward dijets in proton-nucleus high-energy collisions. When
both of the jets are produced in the forward rapidity direction, the collision probes the large-x
parton distributions in the projectile and the small-x gluons in the target. We derive a factorization
formula for this process valid for an arbitrary value of the momentum imbalance kt of the jets [1]1:
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The proton’s large-x1 partons are described with parton distributions functions of collinear factor-
ization fa/p(x1, µ

2), while the target is represented with a total of six, two per channel, transverse

momentum dependent (TMD) gluon distributions Φ
(i)
ag→cd(kt). The dependence on the transverse

momentum kt of the small-x2 gluon is also explicitly present in the hard factors K(i)
ag∗→cd(kt) for

the partonic subprocesses 2. The factorization formula, Eq.(1), is therefore applicable for the whole
range of kt values between the saturation scale Qs and the hard typical momentum of the jets Pt.

The new formula interpolates between the regions of validity of two factorization formulas
for dijet production applicable for only certain limits of kt values. The first framework is the
high-energy factorization (HEF) [2–4] valid for large kt on the order of the momentum of the
jets, Qs � kt ∼ Pt. The HEF formula has kt dependent matrix elements, but only one gluon
distribution for the target. It can be derived from the color glass condensate (CGC) cross section
in the dilute target approximation [1]. The CGC formalism [5] captures the multi-gluon scatterings
of the projectile parton with the saturated field of the target from first principles, but the CGC cross
section for dijet production can not be written in a factorized form in the most general case. We

1The rapidities of the outgoing particles are y1 and y2, and s is the center of mass energy squared.
2The expressions for the hard factors can be found in Ref. [1].
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show that by restricting the interactions to two gluon exchanges (dilute target limit) the CGC cross
section involves only the HEF gluon distribution for the target, and complete equivalence with the
HEF formula is achieved.

The second formalism is the TMD factorization [6,7] with on-shell hard factors and eight TMD
gluon distributions for the target. It is valid for small kt values, kt ∼ Qs � Pt. The TMD dis-
tributions are the result of the resummation of collinear gluons from the target that couple to the
hard part. We improve the TMD formula that was derived in Ref. [7] by including all finite-Nc

corrections, reducing the number of independent distributions to two per channel, and restoring
the kt dependence in the hard part. The resulting formula, Eq. (1), encompasses both formalisms,
the HEF and TMD factorization.

The TMD gluon distributions Φ
(i)
ag→cd(kt) are specific for this process and are determined by the

color structure of the hard partonic scattering. For large-Nc they can be written as a convolution
of only two fundamental distributions, the dipole distribution, and the Weizsäcker-Williams gluon
distribution. We calculate the gluon densities in the large-Nc limit in the Golec-Biernat-Wusthoff
model [8]:
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We also obtain their high-kt behavior in the McLerran-Venugopalan model [9]. To leading order
all the distributions scale as Q2

s/k
2
t .

The factorization formula in Eq. (1) can be used for phenomenological studies of dijet az-
imuthal correlations in dilute-dense collisions, with both, analytical input for the TMD gluons,
Eq. (2), or numerical calculations that implement small-x evolution. The results will be presented
in a forthcoming publication.
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