Pis’ma v ZhETF, vol. 123, iss. 4, pp. 239 – 240 © 2026 February 25

Linearly polarized gluon density at low x

N. A. Abdulov^+, X. Chen^{∗×}, A. V. Kotikov^{+∗1)}, A. V. Lipatov^∘

+Joint Institute for Nuclear Research, 141980 Dubna, Russia

∗Institute of Modern Physics, Chinese Academy of Sciences, 730000 Lanzhou, China

×School of Nuclear Science and Technology, University of Chinese Academy of Sciences, 100049 Beijing, China

∘Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, 119991 Moscow, Russia Submitted 16 November 2025 Resubmitted 18 December 2025 Accepted 18 December 2025

Based on a solution of DGLAP evolution equations at small values of Bjorken variable x, a simple analytic approximation for the perturbative part of so-called linearly polarized gluon density h^{⊥g}_1 (x, b^2_t , Q^2) is obtained at the leading order of perturbation theory. We demonstrate that derived expressions reproduce the main features of complicated numerical calculations performed by the parametrization groups.

DOI: 10.31857/S0370274X26020127

Determination of parton (quark and gluon) distribution functions in a proton, dependent on the transverse momentum (TMDs), is a rather important task for modern high energy physics. In particular, detailed knowledge of the latter is necessary for experiments planned at the Large Hadron Collider (LHC) and future colliders, such as Electron-Ion Collider (EIC), Future Circular hadron-electron Collider (FCC-he), Electron-Ion Collider in China (EicC) and Nuclotron-based Ion Collider fAcility (NICA) [1–5]. As it is known, one can extract the information about the TMDs from the experimental data on various processes that are sensitive to the parton content of the proton, like as Drell–Yan pair and Higgs production, semi-inclusive deep inelastic scattering (DIS) and electron-positron annihilation to di-hadrons. However, while TMD quark densities are currently extensively studied both experimentally and theoretically, the gluon one is not well constrained. In fact, for an unpolarized proton, there are distribution of unpolarized gluons denoted as f^g_1 (x, k^2_t , Q^2) and distribution of linearly polarized gluons h^{⊥g}_1 (x, k^2_t , Q^2) [6, 7], that corresponds to interference between ±1 gluon helicity states. The latter is extremely poorly known at the moment.

Based on a solution [8–11] of DGLAP evolution equations at small values of Bjorken variable x, we derive a simple analytical expression for the perturbative part of the linearly polarized gluon density in a proton

1)e-mail: kotikov@theor.jinr.ru

h^{⊥g}_1 (x, b^2_t , Q^2) at low b_t values. We found that at x → 0 the linearly polarized gluon distribution rises faster than the unpolarized one f^g_1 (x, b^2_t , Q^2).

Funding. Two of us (A.V. Kotikov and A.V. Lipatov) are supported in part by the Chinese Academy of Sciences (CAS) President’s International Fellowship Initiative.

Conflict of interest. The authors of this work declare that they have no conflicts of interest.

1. D. P. Anderle, V. Bertone, X. Cao et al. (Collaboration), “Electron-ion collider in China”, Front. Phys. (Beijing) 16, 64701 (2021).

2. X. Chen, F. K. Guo, C. D. Roberts, and R. Wang, “Selected science opportunities for the EicC”, Few Body Syst. 61(4), 43 (2020).

3. R. Abir, I. Akushevich, T. Altinoluk et al. (Collaboration), “The case for an EIC theory alliance: Theoretical Challenges of the EIC”, arXiv:2305.14572 [hep-ph].

4. A. Arbuzov, A. Bacchetta, M. Butenschoen et al.

(Collaboration), “On the physics potential to study the gluon content of proton and deuteron at NICA SPD”, Prog. Part. Nucl. Phys. 119, 103858 (2021).

5. V. M. Abazov, V. Abramov, L. G. Afanasyev et al.

(Collaboration), “Conceptual design of the Spin Physics Detector”, arXiv:2102.00442 [hep-ex].

6. P. J. Mulders and J. Rodrigues, “Transverse momentum dependence in gluon distribution and fragmentation functions”, Phys. Rev. D 63, 094021 (2001).

7. D. Boer, W. J. den Dunnen, C. Pisano, M. Schlegel, and W. Vogelsang, “Linearly polarized gluons and the

Письма в ЖЭТФ том 123 вып. 3 – 4 2026 239

240 N. A. Abdulov, X. Chen, A. V. Kotikov

Higgs transverse momentum distribution”, Phys. Rev. Lett. 108, 032002 (2012).

8. R. D. Ball and S. Forte, “A Direct test of perturbative QCD at small x”, Phys. Lett. B 336, 77 (1994).

9. L. Mankiewicz, A. Saalfeld, and T. Weigl, “On the analytical approximation to the GLAP evolution at small x and moderate Q^2”, Phys. Lett. B 393, 175 (1997).

10. A. V. Kotikov and G. Parente, “Small x behaviour of parton distributions with soft initial conditions”, Nucl. Phys. B 549, 242 (1999).

11. A. Yu. Illarionov, A. V. Kotikov, and G. Parente Bermudez, “Small x behavior of parton distributions. A study of higher twist effects”, Phys. Part. Nucl. 39, 307 (2008).

Письма в ЖЭТФ том 123 вып. 3 – 4 2026