10 38. Plots of cross sections and related quantities

R in e+e^� Collisions

Figure 38.16: Selected measurements of R ≡ σ(e+e� → hadrons)/σ(e+e� → μ+μ�), where the annihilation in the numerator proceeds via one photon or via the Z. Measurements in the vicinity of the Z mass are shown in the following figure. The denominator is the calculated QED single-photon process; see the section on Cross-Section Formulae for Specific Processes. Radiative corrections and, where important, corrections for two-photon processes and τ production have been made. Note that the ADONE data (γγ2 and MEA) is for ≥ 3 hadrons. The points in the ψ(3770) region are from the MARK I—Lead Glass Wall experiment. To preserve clarity only a representative subset of the available measurements is shown—references to additional data are included below. Also for clarity, some points have been combined or shifted slightly (< 4%) in Ecm, and some points with low statistical significance have been omitted. Systematic normalization errors are not included; they range from ∼5–20%, depending on experiment. We caution that especially the older experiments tend to have large normalization uncertainties. Note the suppressed zero. The horizontal extent of the plot symbols has no significance. The positions of the J/ψ(1S), ψ(2S), and the four lowest Υ vector-meson resonances are indicated. Two curves are overlaid for Ecm > 11 GeV, showing the theoretical prediction for R, including higher order QCD [M. Dine and J. Sapirstein, Phys. Rev. Lett. 43, 668 (1979)] and electroweak corrections. The Λ values are for 5 flavors in the MS scheme and are Λ^{(5)}_{MS} = 60 MeV (lower curve) and Λ^{(5)}_{MS} = 250 MeV (upper curve). (Courtesy of F. Porter, 1992.) References (including several references to data not appearing in the figure and some references to preliminary data):

AMY: T. Mori et al., Phys. Lett. B218, 499 (1989); CELLO: H.-J. Behrend et al., Phys. Lett. 144B, 297 (1984);

and H.-J. Behrend et al., Phys. Lett. 183B, 400 (1987); CLEO: R. Giles et al., Phys. Rev. D29, 1285 (1984);

and D. Besson et al., Phys. Rev. Lett. 54, 381 (1985); CUSB: E. Rice et al., Phys. Rev. Lett. 48, 906 (1982); CRYSTAL BALL: A. Osterheld et al., SLAC-PUB-4160;

and Z. Jakubowski et al., Z. Phys. C40, 49 (1988); DASP: R. Brandelik et al., Phys. Lett. 76B, 361 (1978); DASP II: Phys. Lett. 116B, 383 (1982); DCI: G. Cosme et al., Nucl. Phys. B152, 215 (1979); DHHM: P. Bock et al. (DESY-Hamburg-Heidelberg- MPI München Collab.), Z. Phys. C6, 125 (1980);

flfl2: C. Bacci et al., Phys. Lett. 86B, 234 (1979);

HRS: D. Bender et al., Phys. Rev. D31, 1 (1985); JADE: W. Bartel et al., Phys. Lett. 129B, 145 (1983);

and W. Bartel et al., Phys. Lett. 160B, 337 (1985); LENA: B. Niczyporuk et al., Z. Phys. C15, 299 (1982).

MAC: E. Fernandez et al., Phys. Rev. D31, 1537 (1985); MARK J: B. Adeva et al., Phys. Rev. Lett. 50, 799 (1983);

and B. Adeva et al., Phys. Rev. D34, 681 (1986); MARK I: J.L. Siegrist et al., Phys. Rev. D26, 969 (1982); MARK I + Lead Glass Wall: P.A. Rapidis et al., Phys. Rev. Lett. 39, 526 (1977); and P.A. Rapidis, thesis, SLAC-Report-220 (1979);

MARK II: J. Patrick, Ph.D. thesis, LBL-14585 (1982); MD-1: A.E. Blinov et al., Z. Phys. C70, 31 (1996); MEA: B. Esposito et al., Lett. Nuovo Cimento 19, 21 (1977); PLUTO: A. Bäcker, thesis Gesamthochschule Siegen, DESY F33-77/03 (1977); C. Gerke, thesis, Hamburg Univ. (1979); Ch. Berger et al., Phys. Lett. 81B, 410 (1979);

and W. Lackas, thesis, RWTH Aachen, DESY Pluto-81/11 (1981); TASSO: R. Brandelik et al., Phys. Lett. 113B, 499 (1982);

and M. Althoff et al., Phys. Lett. 138B, 441 (1984); TOPAZ: I. Adachi et al., Phys. Rev. Lett. 60, 97 (1988); and VENUS: H. Yoshida et al., Phys. Lett. 198B, 570 (1987).