Pis’ma v ZhETF, vol. 119, iss. 10, pp. 729 – 730 © 2024 May 25

Shadowing and antishadowing in the rescaling model

A. V. Kotikov^{+∗1)}, A. V. Lipatov^{∗×}, P. M. Zhang^+

+School of Physics and Astronomy, Sun Yat-sen University, 519082 Zhuhai, China

∗Joint Institute for Nuclear Research, 141980 Dubna, Russia

×Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, 119991 Moscow, Russia

Submitted 10 April 2024 Resubmitted 10 April 2024

Accepted 13 April 2024

DOI: 10.31857/S1234567824100021, EDN: JGIKEO

The study of deep inelastic scattering (DIS) of leptons on nuclei shows the appearance of a significant effect of nucleon interaction in the nucleus, which eliminates the naive idea of the nucleus as a system of quasifree nucleons (see, for example, review [1–5]. This effect was first discovered [6] by the European Muon Collaboration (EMC) in the domain of valence quark dominance, therefore it was called the EMC effect. Influence of nuclear effects on parton distribution functions (PDFs) meets a lot of interest from both theoretical and experimental points of view. In particular, detailed knowledge of PDFs in a nuclei (nPDFs) is necessary for any theoretical description of pA and AA processes studied at modern (LHC, RHIC) and future colliders (FCC-he, EiC, EicC, NICA).

Usually the nuclear modification factor, defined as a ratio of per-nucleon structure functions in nuclei A and deuteron, R = F^A_2 (x, Q^2)/F^D_2 (x, Q^2), or rather ratio of corresponding parton densities, is introduced and its behavior in the shadowing (x ≤ 0.1), anti-shadowing (0.1 ≤ x ≤ 0.3), valence quarks and Fermi motion dominance regions (0.3 ≤ x ≤ 0.7 and x ≥ 0.7, respectively) is investigated. Unfortunately, up to now there is no commonly accepted framework to describe this nuclear modification of PDFs in a whole kinematical range. Two main approaches are used by different groups at present. In the first, which is currently seems to be more popular, nPDFs are extracted from a global fit to nuclear data using some empirical parametrization of corresponding intitial parton densities. Then, numerical solution of Dokshitzer–Gribov– Lipatov–Altarelli–Parisi (DGLAP) equations [7–11] is applied to describe their QCD evolution (see review [12] and references therein). The second strategy is based on special nPDF models (see, for example, [13–19] and review [20]).

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

The aim of this Letter is to study the nuclear modification of DIS structure function (SF) F_2(x, Q^2) in the framework of the rescaling model [15–17]. The rescaling model is based on the assumption [18, 19] that the effective size of gluon and quark confinement in nucleus is greater than in a free nucleon. Within the framework of perturbative QCD this confinement rescaling predicts [15–19] that ordinary PDFs and nPDFs can be connected by simply shifting the values of the kinematic variable Q^2 (see also review [21]). Thus, the rescaling model demonstrates the features inherent in both approaches: there is the relationship between PDFs and nPDFs that arises as a result of shifting in the scale Q^2 and, at the same time, both PDFs and nPDFs obey the DGLAP equations. In a sence, the rescaling model corresponds to the first strategy with empirical nPDFs obtained from the corresponding PDFs by x-independent shift. Initially, it was proposed for the domain of valence quarks dominance and expanded recently to a low x range [22–25].

In the framework of rescaling model, we fitted the NMC experimental data for the ratios of the DIS structure functions F_2(x, Q^2) in nuclear targets and deuteron at low and intermediate x values, x ≤ 0.7. Our analysis is based on the analytical expressions for proton PDFs derived previously in [26]. Using the obtained resuls for rescaling values, we derive predictions for nPDFs for several nuclear targets and, thus, for shadowing and antishadowing effects. We find that shadowing effect for gluons is less than for quarks, which is consistent with many other studies. There is no antishadowing for gluons, and it is better pronounced for antiquarks than for quarks. This is a rather interesting result, since different groups give very different results on the antishadowing effect with large uncertainties.

A. V. Kotikov and A. V. Lipatov would like to thank School of Physics and Astronomy, Sun Yat-sen University (Zhuhai, China) for warm hospitality. P. M. Zhang

7 Письма в ЖЭТФ том 119 вып. 9 – 10 2024 729

730 A. V. Kotikov, A. V. Lipatov, P. M. Zhang

was partially supported by the National Natural Science Foundation of China (Grant # 12375084).

Funding. This work was supported by ongoing institutional funding. No additional grants to carry out or direct this particular research were obtained.

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

This is an excerpt of the article “Shadowing and antishadowing in the rescaling model”. Full text of the paper is published in JETP Letters journal. DOI: 10.1134/S0021364024601180

1. M. Arneodo, Phys. Rept. 240, 301 (1994). 2. P. R. Norton, Rept. Prog. Phys. 66, 1253 (2003). 3. K. Rith, Subnucl. Ser. 51, 431 (2015).

4. S. Malace, D. Gaskell, D. W. Higinbotham, and I. Cloet, Int. J. Mod. Phys. E 23(08), 1430013 (2014).

5. P. Zurita, arXiv:1810.00099 [hep-ph].

6. J. J. Aubert, G. Bassompierre, K. H. Becks et al.

(European Muon Collaboration), Phys. Lett. B 123, 275 (1983).

7. V. N. Gribov and L. N. Lipatov, Sov. J. Nucl. Phys. 15, 438 (1972).

8. V. N. Gribov and L. N. Lipatov, Sov. J. Nucl. Phys. 15, 675 (1972).

9. L. N. Lipatov, Sov. J. Nucl. Phys. 20, 94 (1975). 10. G. Altarelli and G. Parisi, Nucl. Phys. B 126, 298

(1977).

11. Y. L. Dokshitzer, Sov. Phys. JETP 46, 641 (1977). 12. P. Paakkinen, arXiv:2211.08906 [hep-ph]. 13. S. A. Kulagin and R. Petti, Nucl. Phys. A 765, 126 (2006).

14. S. A. Kulagin and R. Petti, Phys. Rev. C 90(4), 045204 (2014).

15. R. L. Jaffe, F. E. Close, R. G. Roberts, and G. G. Ross, Phys. Lett. B 134, 449 (1984).

16. O. Nachtmann and H. J. Pirner, Z. Phys. C 21, 277 (1984).

17. F. E. Close, R. L. Jaffe, R. G. Roberts, and G. G. Ross, Phys. Rev. D 31, 1004 (1985).

18. F. E. Close, R. G. Roberts, and G. G. Ross, Phys. Lett.

B 129, 346 (1983).

19. R. L. Jaffe, Phys. Rev. Lett. 50, 228 (1983). 20. S. A. Kulagin, EPJ Web Conf. 138, 01006 (2017). 21. R. L. Jaffe, arXiv:2212.05616 [hep-ph].

22. A. V. Kotikov, B. G. Shaikhatdenov, and P. Zhang, Phys. Rev. D 96(11), 114002 (2017).

23. A. Kotikov, B. Shaikhatdenov, and P. Zhang, EPJ Web Conf. 204, 05002 (2019).

24. A. V. Kotikov, B. G. Shaikhatdenov, and P. Zhang, Phys. Part. Nucl. Lett. 16(4), 311 (2019); arXiv:1811.05615 [hep-ph].

25. N. A. Abdulov, A. V. Kotikov, and A. V. Lipatov, Phys.

Part. Nucl. Lett. 20(4), 557 (2023).

26. N. A. Abdulov, A. V. Kotikov, and A. Lipatov, Particles 5(4), 535 (2022).

Письма в ЖЭТФ том 119 вып. 9 – 10 2024