Pis’ma v ZhETF, vol. 120, iss. 11, pp. 842 – 843 © 2024 December 10

Heavy quark contributions in Bjorken sum rule with analytic coupling

I. R. Gabdrakhmanov^+, N. A. Gramotkov^{+∗}, A. V. Kotikov^{+1)}, O. V. Teryaev^+, D. A. Volkova^{+×}, I. A. Zemlyakov^{∘∇}

+Bogoliubov Laboratory of Theoretical Physics, Joint Institute for Nuclear Research, 141980 Dubna, Russia

∗Moscow State University, 119991 Moscow, Russia

×Dubna State University, 141980 Dubna, Russia

∘Tomsk State University, 634010 Tomsk, Russia

∇Department of Physics, Universidad Tecnica Federico Santa Maria, 1680, Avenida Espana Valparaiso, Chile

Submitted 30 August 2024 Resubmitted 27 October 2024 Accepted 27 October 2024

We consider heavy quark contributions to the polarized Bjorken sum rule. We found good agreement between the experimental data and the predictions of analytic QCD. To satisfy the limit of photoproduction, we use new representation of the perturbative part of the polarized Bjorken sum rule, recently proposed.

DOI: 10.31857/S0370274X24120031, EDN: SGTYAM

Experimental data for the polarized Bjorken sum rule (BSR) Γ^{p−n}_1 (Q^2) [1, 2] are now available for a fairly wide range of spacelike momentum squared Q^2: 0.021 GeV^2 ≤ Q^2 < 5 GeV^2 (see [3, 4]) and references therein), making the BSR an important observable for QCD studies at low Q^2 [5, 6].

In the last thirty years, an extension of the QCD coupling constant without the Landau singularity for low Q^2, known as analytic perturbation theory (APT) [7– 10], has been developed. APT has already been applied to compare theoretical expressions with experimental data for BSR [4, 11–19] (see also other recent studies on the BSR in [20–23]).

In this paper we apply the results for the heavy quark contributions to the BSR calculated at the twoloop level in Ref. [24]. Our study is conducted within the APT framework, and we also explore the possibility of applying the heavy quark contributions to the photoproduction limit.

By investigating the low Q^2 behavior, we find a discrepancy between the results obtained in the fits and the photoproduction. Specifically, the results of the fits extended to low Q^2 lead to negative values for the BSR Γ^{p−n}_{MA,1}(Q^2): Γ^{p−n}_{MA,1}(Q^2 → 0) < 0, which contradicts the finiteness of the cross section in the real photon limit, leading to Γ^{p−n}_{MA,1}(Q^2 → 0) = 0.

To solve the problem, we use a low Q^2 modification of the OPE formula for Γ^{p−n}_{MA,1}(Q^2) introduced in [4].

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

With this modification, we find good agreement with full sets of experimental data for the BSR Γ^{p−n}_{MA,1}(Q^2), as well as with its limit Q^2 → 0, i.e. with photoproduction. Moreover, the results are very close to those obtained in [4, 19], as well as to the predictions of phenomenological models [25–30].

Authors are grateful to Alexandre P. Deur for information about the new experimental data in [3] and Johannes Blumlein for initiating the consideration of the contribution of heavy quarks. The authors thank Konstantin Chetyrkin, Andrei Kataev and Sergey Mikhailov for careful discussions.

Funding. This work was supported in part by the Foundation for the Advancement of Theoretical Physics and Mathematics BASIS. One of us (I. A. Zemlyakov) is supported by the Directorate of Postgraduate Studies of the Technical University of Federico Santa Maria.

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

1. J. D. Bjorken, Phys. Rev. 148, 1467 (1966). 2. J. D. Bjorken, Phys. Rev. D 1, 1376 (1970). 3. A. Deur, J. P. Chen, S. E. Kuhn et al. (Collaboration), Phys. Lett. B 825, 136878 (2022) 4. I. R. Gabdrakhmanov, N. A. Gramotkov, A. V. Kotikov, O. V. Teryaev, D. A. Volkova, and I. A. Zemlyakov, arXiv:2404.01873 [hep-ph].

5. A. Deur, S. J. Brodsky, and G. F. De Téramond, arXiv:1807.05250 [hep-ph].

842 Письма в ЖЭТФ том 120 вып. 11 – 12 2024

Heavy quark contributions in Bjorken sum rule with analytic coupling 843

6. S. E. Kuhn, J. P. Chen, and E. Leader, Prog. Part. Nucl.

Phys. 63, 1 (2009).

7. D. V. Shirkov and I. L. Solovtsov, arXiv:hep-ph/9604363 [hep-ph].

8. D. V. Shirkov and I. L. Solovtsov, Phys. Rev. Lett. 79, 1209 (1997).

9. K. A. Milton, I. L. Solovtsov, and O. P. Solovtsova, Phys.

Lett. B 415, 104 (1997).

10. A. P. Bakulev, S. V. Mikhailov, and N. G. Stefanis, Phys.

Rev. D 72, 074014 (2005).

11. R. S. Pasechnik, D. V. Shirkov, and O. V. Teryaev, Phys.

Rev. D 78, 071902 (2008).

12. R. S. Pasechnik, D. V. Shirkov, O. V. Teryaev, O. P. Solovtsova, and V. L. Khandramai, Phys. Rev. D 81, 016010 (2010).

13. A. V. Kotikov and B. G. Shaikhatdenov, Phys. Part.

Nucl. 45, 26 (2014).

14. V. L. Khandramai, R. S. Pasechnik, D. V. Shirkov, O. P. Solovtsova, and O. V. Teryaev, Phys. Lett. B 706, 340 (2012).

15. C. Ayala, G. Cvetic, A. V. Kotikov, and B. G. Shaikhatdenov, Int. J. Mod. Phys. A 33(18–19), 1850112 (2018).

16. C. Ayala, G. Cvetič, A. V. Kotikov, and B. G. Shaikhatdenov, J. Phys. Conf. Ser. 938(1), 012055 (2017).

17. C. Ayala, G. Cvetič, A. V. Kotikov, and B. G. Shaikhatdenov, Eur. Phys. J. C 78(12), 1002 (2018).

18. C. Ayala, G. Cvetič, A. V. Kotikov, and B. G. Shaikhatdenov, J. Phys. Conf. Ser. 1435(1), 012016 (2020).

19. I. R. Gabdrakhmanov, N. A. Gramotkov, A. V. Kotikov, D. A. Volkova, and I. A. Zemlyakov, JETP Lett. 118(7), 478 (2023).

20. D. Kotlorz and S. V. Mikhailov, Phys. Rev. D 100(5), 056007 (2019).

21. C. Ayala, C. Castro-Arriaza, and G. Cvetič, Phys. Lett.

B 848, 138386 (2024).

22. C. Ayala, C. Castro-Arriaza, and G. Cvetic, Nucl. Phys.

B 1007, 116668 (2024).

23. C. Ayala and G. Cvetic, arXiv:2410.00220 [hep-ph]. 24. J. Blümlein, G. Falcioni, and A. De Freitas, Nucl. Phys.

B 910, 568 (2016).

25. J. Soffer and O. Teryaev, Phys. Rev. Lett. 70, 3373 (1993).

26. J. Soffer and O. Teryaev, Phys. Rev. D 70, 116004 (2004).

27. R. S. Pasechnik, J. Soffer, and O. V. Teryaev, Phys. Rev.

D 82, 076007 (2010).

28. V. D. Burkert and B. L. Ioffe, Phys. Lett. B 296, 223 (1992).

29. V. D. Burkert and B. L. Ioffe, JETP 78, 619 (1994). 30. S. J. Brodsky, G. F. de Teramond, H. G. Dosch, and J. Erlich, Phys. Rep. 584, 1 (2015).

Письма в ЖЭТФ том 120 вып. 11 – 12 2024