Pis’ma v ZhETF, vol. 118, iss. 7, pp. 491 – 492 © 2023 October 10

Bjorken sum rule with analytic coupling at low Q^2 values

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

+Joint Institute for Nuclear Research, 141980 Dubna, Russia

∗Dubna State University, 141980 Dubna, Russia

×Tomsk State University, 634010 Tomsk, Russia

Submitted 16 August 2023 Resubmitted 2 September 2023 Accepted 5 September 2023

DOI: 10.31857/S1234567823190035, EDN: yflmxc

Polarized Bjorken sum rule (BSR) Γ^{p−n}_1 (Q^2) [1, 2], i.e. the difference between the first moments of the spindependent structure functions (SFs) of a proton and neutron, is a very important space-like QCD observable [3, 4]. Its isovector nature facilitates its theoretical description in perturbative QCD (pQCD) in terms of the operator product expansion (OPE), compared to the corresponding SF integrals for each nucleon. Experimental results for this quantity obtained in polarized deep inelastic scattering (DIS) are currently available in a wide range of the spacelike squared momenta Q^2: 0.021 GeV^2 ≤ Q^2 < 5 GeV^2 (see [5] and references therein). In particular, the most recent experimental results [5] with significantly reduced statistical uncertainties, derived mainly from the Jefferson Lab EG4 experiment on polarized protons and deuterons and E97110 one on polarized^3H, make BSR an attractive quantity for testing various pQCD generalizations at low Q^2 values: Q^2 ≤ 1 GeV^2.

Theoretically, pQCD (with OPE) in the MS-scheme was the usual approach to describing such quantities. This approach, however, has the theoretical disadvantage that the running coupling constant α_s(Q^2) has the Landau singularities for small Q^2 values: Q^2 ≤ 0.1 GeV^2, which makes it inconvenient for estimating spacelike observables at small Q^2, such as BSR. contributions to the BSR [21] with good results. In the recent years, the extension of pQCD couplings for low Q^2 without Landau singularities called (fractional) analytic perturbation theory [(F)APT)] [6–13] (or the minimal analytic (MA) theory [14]), were applied to match the theoretical OPE expression with the experimental BSR data [15–23].

In the present paper the experimental data obtained for the polarized Bjorken sum rule Γ^{p−n}_1 (Q^2) for small values of Q^2 are approximated by the predictions ob-

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

tained in the framework of analytic QCD up to the 5th order perturbation theory, whose coupling constant does not contain the Landau pole. We found an excellent agreement between the experimental data and the predictions of analytic QCD, as well as a strong difference between these data and the results obtained in the framework of perturbative QCD.

This is an excerpt of the article “Bjorken sum rule with analytic coupling at low Q^2 values”. Full text of the paper is published in JETP Letters journal. DOI: 10.1134/S0021364023602622

1. J. D. Bjorken, Phys. Rev. 148, 1467 (1966). 2. J. D. Bjorken, Phys. Rev. D 1, 1376 (1970) 3. A. Deur, S. J. Brodsky, and G. F. De Téramond, arXiv:1807.05250 [hep-ph].

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

Phys. 63, 1 (2009) 5. A. Deur, J. P. Chen, and S. E. Kuhn, et al. (Collaboration), Phys. Lett. B 825, 136878 (2022).

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

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

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

Lett. B 415, 104 (1997).

9. D. V. Shirkov, Theor. Math. Phys. 127, 409 (200.1) 10. Eur. Phys. J. C 22 331 (2001).

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

Rev. D 72 074014 (2005); Erratum: ibid. D 72, 119908 (2005).

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

Rev. D 75, 056005 (2007); Erratum: Phys. Rev. D 77, 079901 (2008).

13. A. P. Bakulev, S. V. Mikhailov, and N. G. Stefanis, JHEP 06, 085 (2010).

14. G. Cvetic and C. Valenzuela, Braz. J. Phys. 38, 371 (2008).

Письма в ЖЭТФ том 118 вып. 7 – 8 2023 491

492 I. R. Gabdrakhmanov, N. A. Gramotkov, A. V. Kotikov, D. A. Volkova, I. A. Zemlyakov

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

Rev. D 78, 071902 (2008).

16. R. S. Pasechnik, D. V. Shirkov, O. V. Teryaev,

O. P. Solovtsova, and V. L. Khandramai, Phys. Rev. D 81, 016010 (2010).

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

Nucl. 45, 26 (2014).

18. V. L. Khandramai, R. S. Pasechnik, D. V. Shirkov,

O. P. Solovtsova, and O. V. Teryaev, Phys. Lett. B 706, 340 (2012).

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

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

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

22. J. Phys. Conf. Ser. 1435(1), 012016 (2020). 23. A. V. Kotikov and I. A. Zemlyakov, J. Phys. G 50(1), 015001 (2023).

Письма в ЖЭТФ том 118 вып. 7 – 8 2023