Pis’ma v ZhETF, vol. 104, iss. 9, pp. 627 – 628 © 2016 November 10

Measurement of QCD Parameters by Using the Single Dressed Gluon Approximation

R. Saleh-Moghaddam, M. E. Zomorrodian^{1)}

Department of Physics, Faculty of Sciences, Ferdowsi University of Mashhad, 91775-1436 Mashhad, Iran

Submitted 11 July 2016 Resubmitted 19 September 2016

DOI: 10.7868/S0370274X16210013

1. Event shape variables in e^+e^− annihilation provide an ideal testing ground to study Quantum Chromodynamics (QCD) and have been measured and studied extensively in the last two decades. In particular, event shape variables are interesting for studying the interplay between perturbative and non-perturbative dynamics [1–3]. Power corrections in QCD have been the subject of many interesting theoretical developments in the recent years [4], especially concerning observables that do not admit an operator product expansion [5– 14].

For these observables the available [15, 16] the n-th moment of an event shape observable is defined by:

⟨y^n⟩ =

∫_{ymax} 0 y^n 1 σ_{tot} dσ dy dy, (1)

⟨y^n⟩ = ⟨y^n⟩_{pt} + ⟨y^n⟩_{np}. (2) For an observable the perturbative prediction is [17, 18]:

⟨y⟩_{P T} = A_f ( α_s(μ) 2π ) + + ( B_f + A_f β_0 log ( μ^2 Q^2 )) ( α_s(μ) 2π )_2 . (3)

The A_f and B_f coefficients have been given in [19]. For instance, non-perturbative scales λ_p parameterzing power corrections to ⟨y⟩_{np} can be defined by [20, 10].

⟨y⟩ = ⟨y⟩_{P T} + λ_P Q^P

. (4)

In the context of event-shape variables in e^+e^− we mention the case of the longitudinal cross-section [12, 21–25].

The aim of this paper is to study this model qualitatively and quantitatively by measurements of the strong coupling constant in perturbative and the nonperturbative regions.

The outline of the article is as the following. In Sect. 2, we consider the event shape variables used in this analysis. Sect. 3 describes the perturbative QCD

1)e-mail: Zomorrod@um.ac.ir

predictions as well as the single dressed gluon method which describes the hadronization process. We present our results in Sect. 4. Finally Sect. 5 is devoted to our conclusions and discussions.

2. Event shape variables measure geometrical properties of hadronic final states at high energy particle collisions.

The most common observables (y) are: Thrust [3], the heavy jet mass, the total and wide jet broadening [4] and the C parameter [26, 27].

3. The purpose of this paper is to examine, in the framework of the SDG approximation, running-coupling effects and power-corrections to higher moments of the event shape variables [28, 29]. This approximated series diverges and various regularizations differ by definite powers of the energy [10]:

⟨y^1⟩ = ⟨y^1⟩_{P T} + ν_1 Q . (5)

As we mentioned previously, our main issue in this paper is to find the coupling constant in perturbative region as well as the non-perturbative parameter (ν) by using above equation.

4. In this section we use the event shape variables mentioned for calculating both the strong coupling constant α_s(M_Z0 ) and the non-perturbative parameter (ν). In our analysis we are using the real data as well as the simulated Monte-Carlo [30, 31].

Figure 1 shows the mean value of ⟨(1 − T )^n⟩ up to the n = 3 order. As the diagrams indicate, all distributions tend to decrease by increasing the centre of mass energy, however they do not vanish [32]. We see that the distribution of SDG approximation (dash line) follows the same trend as those for the simulated Monte-Carlo data. By fitting NLO theory, our results are tabulated in Table 1.

We do a similar analysis and calculation for other event shape variables, such as Heavy jet mass (ρ), Wide jet broadening (B_W ), Total jet broadening (B_T ) and C parameter (C).

5. In this article, we have calculated the strong coupling constant (α_s) in perturbative region and also

Письма в ЖЭТФ том 104 вып. 9 – 10 2016 627

628 R. Saleh-Moghaddam, M. E. Zomorrodian

Fig. 1. (Color online) The distribution of 1-Thrust observable by fitting the SDG model up to third order

the free parameter (ν) in non-perturbative part of the QCD theory, using the Single Dressed Gluon approximation. To achieve this we employ the event shape variables ⟨1 − T ⟩, ⟨B_W ⟩, ⟨B_T ⟩, ⟨ρ⟩, and ⟨C⟩. By using the Monte-Carlo generated events and also the real data we find α_s(M_Z0 ) = 0.1215 ± 0.003 GeV and ν = 1.2685 ± 0.0173 GeV. This value is consistent with α_s(M_Z0 ) = 0.1249 ± 0.0022 GeV obtained by JADE and OPAL experiments [18]. Our results are also in good agreement with the QCD predictions [20].

Table 1. The obtained values for the coupling constants for simulated Monte-Carlo data

⟨(1 − T )^n⟩ NLO SDG α_s(M_Z0 ) α_s(M_Z0 ) ν(GeV) n = 1 0.1560 ± 0.0043 0.1109 ± 0.0041 1.4264 ± 0.0174 n = 2 0.1757 ± 0.0074 0.1275 ± 0.0042 1.4671 ± 0.0101 n = 3 0.1957 ± 0.0076 0.1315 ± 0.0043 1.4743 ± 0.0097 χ^2/d.o.f 1.27 1.03 1.02

6. This work was funded by vice president for research and technology of Ferdowsi University of Mashhad, Code 2/40330.

Full text of the paper is published in JETP Letters journal. DOI: 10.1134/S0021364016210037

1. S. Kluth, Rept. Prog. Phys. 69, 1771 (2006). 2. A. Gehrmann-De Ridder, T. Gehrmann, E. W. N. Glover, and G. Heinrich, JHEP 12, 094 (2007).

3. A. Gehrmann-De Ridder, T. Gehrmann, E. W. N.

Glover, and G. Heinrich, Phys. Rev. Lett. 99, 132002 (2007).

4. V. I. Zakharov, Nucl. Phys. Proc. Suppl. 74, 392 (1999). 5. O. P. Solovtsova, Theor. Math. Phys. 134, 365 (2003). 6. V. V. Andreev and A. A. Pankov, Phys. Atom. Nucl. 75, 76 (2012).

7. R. Saleh-Moghaddam and M. E. Zomorrodian, Pramana J. Phys. 81(5), 775 (2013).

8. R. Saleh-Moghaddam and M. E. Zomorrodian, Romanian Rep. Phys. 68(1), 138 (2016).

9. A. Courtoy, S. Scopetta, and V. Vento, Eur. Phys. J. A 47, 49 (2011).

10. C. Pahl, S. Bethke, O. Biebel, S. Kluth, and J. Schieck, Eur. Phys. J. C 64, 533 (2009).

11. R. Saleh-Moghaddam and M. E. Zomorrodian, JETP Lett. 101(4), 221 (2015).

12. E. Gardi and G. Grunberg, JHEP 11, 016 (1999). 13. E. Gardi, J. High Energy Phys. 04, 030 (2000). 14. H. J. Lu and C. A. R. Sa de Melo, Phys. Lett. B 273, 260 (1991).

15. R. K. Ellis, D. A. Ross, and A. E. Terrano, Nucl. Phys.

B 178, 421 (1981).

16. P. A. Movilla Fernandez, O. Biebel, S. Bethke, and the JADE Collaboration, PITHA-98-21, 29th International Conference on High-Energy Physics (ICHEP 98), Vancouver, Canada (1998), hep-ex/9807007.

17. T. Gehrmann, M. Jaquier, and G. Luisoni, Eur. Phys.

J. C 67, 57 (2010).

18. C. Pahl, S. Bethke, O. Biebel, S. Kluth, and J. Schieck, Eur. Phys. J. C 64, 351 (2009).

19. A. Gehrmann-De Ridder, T. Gehrmann, E. W. N.

Glover, and G. Heinrich, JHEP 05, 106 (2009). 20. G. Korchemsky, LPTHE Orsay 98, 44 (1998). 21. S. J. Brodsky, E. Gardi, G. Grunberg, and J. Rathsman, Phys. Rev. D 63, 094017 (2001).

22. S. J. Brodsky, G. P. Lepage, and P. B. Mackenzie, Phys.

Rev. D 28, 228 (1983).

23. G. P. Lepage and P. B. Mackenzie, Phys. Rev. D 48, 2250 (1993).

24. M. Beneke, Renormalons, Phys. Rept. 317, 1 (1999). 25. M. Beneke, V. M. Braun, and L. Magnea, Nucl. Phys. B 497, 297 (1997).

26. G. Parisi, Phys. Lett. B 74, 65 (1978).

27. J. F. Donoghue, F. E. Low, and S. Y. Pi, Phys. Rev. D 20, 2759 (1979).

28. Yu. L. Dokshitzer, G. Marchesini, and B. R. Webber, Nucl. Phys. B 469, 93 (1996).

29. R. Akhoury and V. I. Zakharov, Phys. Lett. B 357, 646 (1995).

30. T. Sjostrand et al., Compute. Phys. Commun. 135, 238 (2001).

31. Lab TA Joy Woller University of Nebraska-Lincoln, Phys. Chem. Lab Chem. 484, 1 (1996).

32. B. Naroska, Phys Rep. 86, 113 (1986).

Письма в ЖЭТФ том 104 вып. 9 – 10 2016