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Diffractive dijets in 𝒆 𝒑 → 𝒆′ 𝒋 𝒆𝒕 𝒋𝒆𝒕 𝒑 reaction using
GTMDs
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Exclusive (diffractive) dijet production in 𝑒𝑝 scattering provides direct access to transverse-
momentum dependent gluon dynamics at small 𝑥. We summarize a momentum-space
dipole/GTMD calculation of 𝑒𝑝 → 𝑒 𝑝 𝑗 𝑗 in which the diffractive amplitude is expressed through
off-forward unintegrated gluon distributions (gluon GTMDs). Several GTMD models from the
literature are confronted with H1 and ZEUS measurements under the corresponding experimental
cuts. With the exception of a GTMD tuned to a subset of H1 observables, the exclusive 𝑞𝑞 channel
typically undershoots the measured cross sections; ZEUS data impose the strongest constraints.
We also show that sizeable azimuthal modulations between the dijet momentum sum and dif-
ference can be generated purely by jet 𝑝𝑇 cuts, potentially mimicking signals of elliptic gluon
distributions.
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1. Motivation

Diffractive final states at HERA have long been a precision tool to study gluon-dominated
dynamics at small Bjorken-𝑥 and to test QCD factorization concepts in diffraction [1]. In particular,
exclusive (“proton intact”) dijet production,

𝑒𝑝 → 𝑒 𝑝 𝑗1 𝑗2, (1)

is sensitive to the transverse momentum structure of gluons: at sufficiently large jet transverse
momenta, the forward diffractive amplitude probes the unintegrated gluon density of the target [4, 5].
In the off-forward case, the relevant object is the gluon GTMD, which is closely related to the gluon
Wigner distribution [6, 7].

In this contribution we review a momentum-space dipole approach formulated directly in terms
of gluon GTMDs, and confront several GTMD models with the H1 [2] and ZEUS [3] measurements
of diffractive dijets.

2. Kinematics and cross section

We use standard DIS variables: the photon momentum is 𝑞 = 𝑘 − 𝑘 ′ with 𝑞2 = −𝑄2, and the
inelasticity is 𝑦 = (𝑞 · 𝑃)/(𝑘 · 𝑃). Jets carry photon momentum fractions 𝑧 and 1− 𝑧, and transverse
momenta ®𝑝1⊥ and ®𝑝2⊥. It is convenient to introduce

®Δ⊥ = ®𝑝1⊥ + ®𝑝2⊥, ®𝑃⊥ =
®𝑝1⊥ − ®𝑝2⊥

2
, (2)

so that in the exclusive limit Δ⊥ equals the transverse momentum transfer to the proton. The
diffractive mass 𝑀 𝑗 𝑗 defines the variables

𝛽 =
𝑄2

𝑄2 + 𝑀2
𝑗 𝑗

, 𝑥P =
𝑥Bj

𝛽
, (3)

where 𝑥P is the proton momentum fraction transferred through the color-singlet exchange.
To compare with data, we compute the 𝑒𝑝 cross section through the virtual-photon flux,

𝑑𝜎𝑒𝑝

𝑑𝑦 𝑑𝑄2 𝑑𝜉
=

𝛼em

𝜋𝑦𝑄2

[(
1 − 𝑦 + 𝑦2

2

)
𝑑𝜎

𝛾∗𝑝
𝑇

𝑑𝜉
+ (1 − 𝑦)

𝑑𝜎
𝛾∗𝑝
𝐿

𝑑𝜉

]
, (4)

with 𝑑𝜉 = 𝑑𝑧 𝑑2𝑃⊥ 𝑑2Δ⊥. The transverse and longitudinal 𝛾∗𝑝 → 𝑝 𝑞𝑞 cross sections are obtained
by convoluting a perturbative 𝛾∗ → 𝑞𝑞 impact factor with the gluon GTMD.

3. GTMD input

The momentum-space diffractive amplitude can be written as a Fourier transform of the dipole
amplitude 𝑁 (𝑌, ®𝑟⊥, ®𝑏⊥),

𝑇 (𝑌, ®𝑘⊥, ®Δ⊥) =
∫

𝑑2𝑏⊥
(2𝜋)2

𝑑2𝑟⊥
(2𝜋)2 𝑒−𝑖

®Δ⊥ · ®𝑏⊥ 𝑒−𝑖
®𝑘⊥ · ®𝑟⊥ 𝑁 (𝑌, ®𝑟⊥, ®𝑏⊥) 𝑒−𝜀𝑟2

⊥ , (5)
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Figure 1: Born-level diagrams for exclusive diffractive dijet production in the momentum-space
dipole/GTMD approach.

Table 1: Phase-space cuts used by H1 [2] and ZEUS [3] in the diffractive dijet measurements.

H1 ZEUS
𝑄2 4 < 𝑄2 < 110 GeV2 𝑄2 > 25 GeV2

𝑥P 𝑥P < 0.1 𝑥P < 0.01
𝑦 0.05 < 𝑦 < 0.7 0.1 < 𝑦 < 0.64
jet rapidities −1 < 𝜂1,2 < 2.5 𝜂1,2 < 2
jet 𝑝𝑇 𝑝𝑇1 > 5 GeV, 𝑝𝑇2 > 4 GeV 𝑝𝑇1,2 > 2 GeV
other |𝑡 | < 1 GeV2 𝑀 𝑗 𝑗 > 5 GeV, 90 < 𝑊𝛾𝑝 < 250 GeV

where the Gaussian factor regularizes the 𝑟⊥ integral. The GTMD is proportional to 𝑇 (see, e.g., [8]
for a discussion of conventions).

We consider five representative models used in the literature: (i) two off-forward extensions
of diagonal UGDs compatible with the GBW saturation model [9] and the MPM UGD [10],
with a diffractive slope 𝐵, (ii) the bSat model of Kowalski–Teaney [11], and (iii) two models
derived from McLerran–Venugopalan inspired dipole amplitudes, including a parametrization by
Boer–Setyadi [13, 14] and a model by Iancu–Rezaeian [12] (with a simple 𝑥P dependence added
for phenomenology). All results shown below refer to the isotropic part of the GTMD; elliptic
components are not included.

4. H1 and ZEUS cuts

The exclusivity requirement is experimentally challenging and the measurements employ dif-
ferent selections. The cuts relevant for our comparison are summarized in Table 1.

5. Results and discussion

A key observable is the 𝑄2 dependence of the 𝑒𝑝 → 𝑒 𝑝 𝑗 𝑗 cross section. Figure 2 compares
several GTMD models for H1 and ZEUS kinematics. At 𝑄2 ≳ 20 GeV2 the predicted shapes are
broadly compatible with data, but the normalization depends strongly on the GTMD. A model tuned
to reproduce H1 distributions can significantly overshoot ZEUS data.

Integrated cross sections are summarized in Table 2. For most GTMDs, the exclusive 𝑞𝑞

channel underpredicts the measured cross sections; the discrepancy is more striking for ZEUS,
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Figure 2: 𝑄2 dependence of the diffractive dijet cross section for H1 (left) and ZEUS (right) cuts for several
GTMD models.

Table 2: Integrated cross sections (pb) for H1 and ZEUS cuts for light 𝑞𝑞 and 𝑐𝑐 dijets. Experimental values
are shown for reference.

H1 ZEUS
GTMD 𝑞𝑞 𝑐𝑐 no 𝑝𝑇 cuts 𝑞𝑞 𝑐𝑐 no 𝑝𝑇 cuts
GBW 26.35 19.91 10900.86 13.57 6.67 337.11
MPM 147.94 108.26 10151.00 43.61 20.47 313.17
MV–BS 404.06 269.75 10999.73 1346.11 624.55 3117.95
KT 21.29 15.20 5957.65 12.57 5.67 52.60
MV–IR 243.20 155.21 11784.75 37.83 17.62 91.18
data 254 – 72 –

which probes smaller 𝑥P where a gluon-driven picture should be most reliable. Including heavy-
flavor (𝑐𝑐) dijets increases the normalization by about 50–70% within the studied cuts, but does not
remove the tension.

The distribution in 𝛽 is particularly constraining. As shown in Fig. 3, the Boer–Setyadi model,
which can appear compatible with some H1 observables, strongly overshoots ZEUS data across a
broad 𝛽 range, suggesting that the apparent H1 agreement is not robust. Among the considered
options, the KT and GBW-inspired GTMDs yield smaller contributions for H1 and a sizeable but
still insufficient contribution at large 𝛽 in ZEUS kinematics.

Finally, we study the azimuthal angle between ®𝑃⊥ and ®Δ⊥. Even without elliptic GTMD
components, pronounced modulations arise once asymmetric jet 𝑝𝑇 cuts are applied. This “cut-
induced” effect should be controlled before interpreting azimuthal correlations as evidence for an
elliptic gluon distribution.

6. Conclusions and outlook

Diffractive dijets at HERA provide a stringent test of gluon GTMD models. Our comparison
to both H1 and ZEUS data shows that the exclusive 𝑞𝑞 channel, evaluated with commonly used
GTMD inputs, typically accounts for only a fraction of the measured cross section. ZEUS ob-
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Figure 3: Distribution in the diffractive variable 𝛽 for H1 (left) and ZEUS (right) cuts for several GTMD
models.

servables, in particular the 𝛽 distribution, impose stronger constraints than H1 and disfavor GTMD
parametrizations tuned solely to H1 kinematics.

A realistic description likely requires additional diffractive mechanisms beyond the exclusive
𝑞𝑞 final state, such as a 𝑞𝑞𝑔 component [15] or contributions with a pomeron remnant within a
resolved pomeron picture. On the phenomenological side, future studies should combine improved
small-𝑥 evolution and Sudakov effects [16] with a careful treatment of experimental selections in
order to isolate genuine GTMD-induced angular modulations.
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