1302 25. Quantum chromodynamics

Figure 25.2: Summary of the values of αs(Q) at the values of Q where they are measured. The lines show the central values and the �1σ limits of our average. The figure clearly shows the decrease in αs(Q) with increasing Q.

QCD. Emphasis has been given to the recent data from LEP and deep-inelastic scattering. Figure 25.1 shows the values of αs(MZ ) deduced from the various experiments. Figure 25.2 shows the values and the values of Q where they are measured. This figure clearly shows the experimental evidence for the variation of αs(Q) with Q.

An average of the values in Fig. 25.1 gives αs(Mz) = 0.117 with a total χ^2 of 5.9 for nine fitted points. The error on the average assuming that all of the errors in the contributing results are uncorrelated is �0.0023 and is surely an underestimate. Since, in most cases the dominant error is systematic (mainly theoretical), a more reasonable estimate is to use the smallest of the individual errors on the experimental results i.e. �0.005. Our value is then αs(Mz) = 0.117�0.005 which corresponds to Λ^{(5)} = 195+65�50 MeV.

The prospects for improvement in the error are controlled mainly by the potential improvements in the theoretical errors. Lattice calculations that do not resort to the quenched approximation offer one of the best opportunities. On the experimental side, the direct determination of the top quark mass and a smaller error on the hadronic width of the Z should result in a significantly reduced error on αs. References:

1. F.J. Yndurain, “Quantum Chromodynamics: an Introduction to the Theory of Quarks and Gluons”, (Springer, New York, 1983).

2. For a recent review, see for example A.S. Kronfeld and P.B.

Mackenzie, Ann. Rev. Nucl. and Part. Sci. 43, 793 (1993). 3. For example see, S. Catani in Proceedings of the International Europhysics Conference on High Energy Physics, Marseille, France (July 1993), preprint DFF/194/11/93;

S. Bethke. in Proceedings of the International Conference on High Energy Physics, Dallas TX, (July 1992).

4. W. Bernreuther, Ann. Phys. 151, 127 (1983). 5. W. Marciano, Phys. Rev. D29, 580 (1984).

6. D.W. Duke and R.G. Roberts, Phys. Reports 120, 275 (1985). 7. W.A. Bardeen et al., Phys. Rev. D18, 3998 (1978). 8. G. Grunberg, Phys. Lett. 95B, 70 (1980), and Phys. Rev. D29, 2315 (1984).

9. P.M. Stevenson, Phys. Rev. D23, 2916 (1981), and Nucl. Phys.

B203, 472 (1982).

10. S. Brodsky and H.J. Lu SLAC-PUB-6389, (Nov 1993). 11. G. Altarelli and G. Parisi, Nucl. Phys. B126, 298 (1977). 12. G. Curci, W. Furmanski, and R. Petronzio, Nucl. Phys. B175, 27 (1980);

W. Furmanski and R. Petronzio, Phys. Lett. 97B, 437 (1980), and Z. Phys. C11, 293 (1982);

E.G. Floratos, C. Kounnas, and R. Lacaze, Phys. Lett. 98B, 89 (1981), Phys. Lett. 98B, 285 (1981), and Nucl. Phys. B192, 417 (1981);

R.T. Herrod and S. Wada, Phys. Lett. 96B, 195 (1981), and Z. Phys. C9, 351 (1981).

13. M. Glück et al., Z. Phys. C13, 119 (1982).

14. M. Virchaux, Saclay preprint, DAPHNIA/SPP 92-30, presented at THE “QCD 20 years later” workshop Aachen Germany (Sep. 9–13, 1992).

15. R. Voss, in Proceedings of the 1993 International Symposium on Lepton and Photon Interactions at High Energies, Ithaca, NY (July 1993).

16. Particle Data Group, Phys. Rev. D45, Part II (1992). 17. D. Gross and Llewellyn Smith, Nucl. Phys. B14, 337 (1969). 18. J. Chyla and A.L. Kataev, Phys. Lett. B297, 385 (1992). 19. W.C. Leung et al., Phys. Lett. B317, 655 (1993). 20. P.Z. Quintas et al., Phys. Rev. Lett. 71, 1307 (1993);

J.P. Berge et al., Z. Phys. C49, 187 (1991). 21. M. Arneodo et al., Phys. Lett. B309, 222 (1993). 22. K. Bazizi and S.J. Wimpenny, UCR/DIS/91-02. 23. J.J. Aubert et al., Nucl. Phys. B333, 1 (1990); Nucl. Phys. 293, 740 (1987); Nucl. Phys. B272, 158 (1986); and Nucl. Phys. B145, 189 (1985).

24. M. Virchaux and A. Milsztajn, Phys. Lett. B274, 221 (1992). 25. L.W. Whitlow, Ph.D thesis, SLAC Report 357 (1990). 26. A.C. Benvenuti et al., Phys. Lett. B195, 97 (1987); Phys. Lett.

B223, 490 (1989); Phys. Lett. B223, 485, (1989); Phys. Lett. B237, 592 (1990); and Phys. Lett. B237, 599 (1990).

27. H. Plothow-Besch, PDFLIB package in CERNLIB. 28. M.A. Shifman, A.I Vainshtein, and V.I. Zakharov Nucl. Phys.

B147, 385 (1979).

29. S. Narison and A. Pich Phys. Lett. B211, 183 (1988);

E. Braaten, S. Narison, and A. Pich, Nucl. Phys. B373, 581 (1992).

30. F. Le Diberder and A. Pich Phys. Lett. B289, 165 (1992). 31. D. Buskulic et al., Phys. Lett. B307, 209 (1993). 32. P.D. Acton et al., Phys. Lett. B288, 373 (1992);

B. Adeva et al., Phys. Lett. B265, 451 (1991); P. Abreu et al., Z. Phys. C55, 555 (1992);

D. Decamp et al., Z. Phys. C54, 211 (1992). Average reported by E. Fernandez in Proceedings of the Europhysics Conference on High Energy Physics Marseilles, France (July, 1992).

33. T. Truong, Phys. Rev. D47, 3999 (1993), preprint EP-CPTh- A226-1093 (1993).

34. S.D. Ellis, Z. Kunszt, and D.E. Soper, Phys. Rev. Lett. 64, 2121 (1991).

35. F. Abe et al., Phys. Rev. Lett. 68, 1104 (1992). 36. UA1 collaboration: G. Arnison et al., Phys. Lett. B177, 244 (1986).

37. F. Abe et al., Phys. Rev. D45, 1448 (1992).

38. G. Altarelli, R.K. Ellis, and G. Martinelli, Nucl. Phys. B143, 521 (1978).

39. P. Aurenche, R. Baier, and M. Fontannaz Phys. Rev. D42, 1440 (1990);

P. Aurenche et al., Phys. Lett. 140B, 87 (1984); P. Aurenche et al., Nucl. Phys. B297, 661 (1988).

40. H. Baer, J. Ohnemus, and J.F. Owens, Phys. Lett. B234, 127 (1990).

41. H. Baer and M.H. Reno, Phys. Rev. D43, 2892 (1991);

P.B. Arnold and M.H. Reno, Nucl. Phys. B319, 37 (1989).