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• The diffractive production of high-momentum particles provides information about, among other,
the unintegrated gluon distribution of the target.

• Examples of the above are Generalized transverse momentum distributions (GTMDs) derived
from full transformation to the momentum space, the so-called Wigner distributions.

• In the region of small Bjorken−𝑥 GTMDs are equivalent to dipole amplitude depending
on the dipole size and impact parameter.

• GTMDs depend on the transverse momentum transfer and the transverse momentum of a parton
in the proton or nucleus, including a dependence on the azimuthal angle between the two
transverse vectors. It is therefore possible to distinguish the so-called elliptic GTMD.

• It is possible to study the elliptic gluon distributions in diffractive reactions such as exclusive dijet
production in 𝑒𝑝 collisions, 𝑝𝐴 and 𝐴𝐴 ultra-peripheral collisions (UPC), or exclusive 𝑄 ത𝑄 photo-
production in 𝑝𝐴 and 𝐴𝐴UPC.

• In this analysis, six different models of GTMD are referenced to the experimental data.
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The gluon density matrix encodes the same information as the Fourier transform of the dipole amplitude, up to the term containing 
𝛿 − function
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Fourier transform of dipole amplitude
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The leading dependence on dipole orientation  may be quantified by the elliptic part of the dipole amplitude in the Fourier 
expansion:

𝑁 𝑌, Ԧ𝑟⏊, 𝑏⏊ = 𝑁0 𝑌, 𝑟⏊, 𝑏⏊ + 2𝑐𝑜𝑠 2𝜙𝑏𝑟 𝑁𝜖 𝑌, 𝑟⏊, 𝑏⏊ +⋯

Therefore, the isotropic and elliptic parts of the dipole amplitude to GTMDs are translated by the appropriate Fourier-Bessel 
transforms:
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KT, MV-IR, MV-BS parametrizations
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Parametrizations based on the regularized Fourier transform of dipole amplitude are as follows:

• The Kowalski –Teaney (KT) model, which has been adjusted to the proton structure function data but does not include dipole orientation effects;

• The MV – IR model, which is based on  the original effective McLerran-Venugopalan model independent of the 𝑌, therefore we used a formula including 

additional dependence: 𝑇𝑀𝑉−𝐼𝑅
𝑚𝑜𝑑 𝑌, 𝑘⏊, Δ⏊ = 𝑇𝑀𝑉_𝐼𝑅 𝑌, 𝑘⏊, Δ⏊ 𝑒𝜆𝑌, 𝑌 = ln

0.01

𝑥ℙ
, 𝜆 = 0.277;

• The MV – BS 2021 model, which is also independent of the 𝑌 but is adapting to the experimental data by introducing: 𝜒 = 1.25 in the following equation: 
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• The MV – BS 20223 model, which is a newer version of the MV-BS 2021 and depends on the 𝑥𝐵𝑗 by replacing the 𝜒 factor with: 𝜒 𝑥𝐵𝑗 = ҧ𝜒
0.0001

𝑥𝐵𝑗

𝜆𝜒
, 

where ҧ𝜒 = 1.5, 𝜆𝜒 = 0.29;
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Two different parametrization of the off-forward gluon density matrix were use in calculation:
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In both – the Golec–Biernat– Wüsthoff (GBW) model and the Moriggi–Peccini–Machado (MPM) model, the diffractive slope 
equals 𝐵 = 4 𝐺𝑒𝑉−2.
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H1 and ZEUS kinematics
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HERA cuts

𝐻1 𝑍𝐸𝑈𝑆

4 < 𝑄2 < 110 𝐺𝑒𝑉2 𝑄2 > 25 𝐺𝑒𝑉2

𝑥𝐼𝑃 < 01 𝑥𝐼𝑃 < 0.01

0.05 < 𝑦 < 0.7 0.1 < 𝑦 < 0.64

−1 < 𝜂1,2 < 2.5 𝜂1,2 < 2

𝑝⏊1 > 5 𝐺𝑒𝑉 𝑝⏊1,2 > 2 𝐺𝑒𝑉

𝑝⏊2 > 4 𝐺𝑒𝑉 𝑀𝑗𝑗 > 5 𝐺𝑒𝑉

𝑡 < 1 𝐺𝑒𝑉2 90 < 𝑊𝛾𝑝 < 250 𝐺𝑒𝑉

𝐺𝑇𝑀𝐷
𝑎𝑝𝑝𝑟𝑜𝑎𝑐ℎ𝑒𝑠

H1 cuts, 𝜎 𝑝𝑏

𝑙𝑖𝑔ℎ𝑡 𝑞ത𝑞 𝑒𝑝 → 𝑐 ҧ𝑐 𝑛𝑜 𝑝⏊1,2 𝑐𝑢𝑡𝑠

𝐺𝐵𝑊 26.35 19.91 10900.86

𝑀𝑃𝑀 147.94 108.26 10151.00

KT 21.29 15.20 5957.65

𝑀𝑉 − 𝐼𝑅 243.20 155.21 11784.75

𝑀𝑉 − 𝐵𝑆 2021 404.06 269.75 10999.73

𝑀𝑉 − 𝐵𝑆 2023 288.34 189.74 6685.82

𝑫𝑨𝑻𝑨 𝟐𝟓𝟒 -

𝐺𝑇𝑀𝐷
𝑎𝑝𝑝𝑟𝑜𝑎𝑐ℎ𝑒𝑠

ZEUS cuts, 𝜎 𝑝𝑏

𝑙𝑖𝑔ℎ𝑡 𝑞ത𝑞 𝑒𝑝 → 𝑐 ҧ𝑐 𝑛𝑜 𝑝⏊1,2 𝑐𝑢𝑡𝑠

𝐺𝐵𝑊 13.57 6.67 337.11

𝑀𝑃𝑀 43.61 20.47 313.17

KT 12.57 5.67 52.60

𝑀𝑉 − 𝐼𝑅 37.83 17.62 91.18

𝑀𝑉 − 𝐵𝑆 2021 1346.11 624.55 3117.95

𝑀𝑉 − 𝐵𝑆 2023 732.15 348.40 1510.33

𝑫𝑨𝑻𝑨 𝟕𝟐 -
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Distributions in 𝑄2 𝑦
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Distributions in 𝑝⏊1
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Distributions in log10(𝑥𝐼𝑃)
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Distributions in 𝜙Δ⏊P⏊
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EIC predictions
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𝑖𝑛𝑐𝑙𝑢𝑑𝑖𝑛𝑔 𝑐𝑢𝑡𝑠

𝑠 = 141 𝐺𝑒𝑉:
𝐸𝑒 = 18.8 𝐺𝑒𝑉,
𝐸𝑝 = 275 𝐺𝑒𝑉

𝑝⏊1,2 > 5 𝐺𝑒𝑉

0.01 < 𝑦 < 0.95

−3.5 < 𝜂1,2 < 3.5

5.0 > 𝑄2 > 500 𝐺𝑒𝑉2

𝐺𝑇𝑀𝐷 𝑚𝑜𝑑𝑒𝑙 𝜎 𝑝𝑏

𝐺𝐵𝑊 10.93

𝑀𝑃𝑀 77.89

𝐾𝑇 6.53

𝑀𝑉 − 𝐼𝑅 144.15

𝑀𝑉 − 𝐵𝑆 136.49
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EIC predictions
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Conclusions

16/17Barbara Linek

• Several differential distributions for the diffractive photo-production of dijets in 𝑒𝑝 → 𝑒 𝑗𝑗 𝑝 reaction at HERA
energies have been presented.

• Models based on the Fourier transform of the dipole matrices were regularized by an extra factor,
that leads to rather large uncertainties as far as normalization of the cross-section is concerned.

• Special attention has been paid to azimuthal correlations. However, the found correlations result only from
geometric dependencies, hence they may cause erroneous interpretations.

• The MV-BS, MPM, and MV-IR GTMDs models reasonably well describe many observables for the H1 kinematics, 
but fail to describe distributions in 𝑥𝐼𝑃 distribution and strongly overshoot the cross-section differential in 𝛽 for 
the ZEUS kinematics. 

• Predictions for the EIC kinematics are also presented, which are quite similar to the H1 kinematics due to similar 
cuts. However, the much higher luminosity of the new accelerator will contribute to a much more accurate fit of 
the models used to the experimental data, which will, of course, also require taking into account other 
processes.
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Thank you for your attention
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Additional slides
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Distributions in 𝑧
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Dependence of the MV-IR model on the factor 𝜖
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