1310 26. Standard Model of electroweak interactions

Eq. (26.35). (Also, the expression for MZ is divided by √ ρ_0; the MW formula is unchanged.) There is now enough data to determine ρ_0, sin^2 θW , mt, and αs simultaneously. In particular, Rb and the CDF events yield mt independent of ρ_0, the asymmetries yield bs^2Z , R gives αs, and MZ and the widths constrain ρ_0. From the global fit (including CDF),

ρ_0 = 1.0004 ± 0.0022 ± 0.002 (26.41) bs^2_Z = 0.2318 ± 0.0005 (26.42) αs = 0.120 ± 0.007 (26.43)

mt = 170^{+16}�_{15} , (26.44)

where the second error on ρ_0 is from MH (the other parameters are insensitive to MH ). This is in remarkable agreement with the Standard Model expectation ρ_0 = 1, and constrains any higher-dimensional Higgs representation to have vacuum expectation values of less than a few percent of those of the doublets. The allowed regions in the ρ_0 – bs^2Z plane are shown in Fig. 26.2.

Figure 26.2: The allowed regions in sin^2 bθW − ρ_0 at 90% CL. mt is a free parameter and MH = 300 GeV is assumed. (Varying MH in the range 60–1000 GeV moves the contour down or up by 0.002.)

Most of the parameters relevant to ν-hadron, νe, e-hadron, and e^+e� processes are determined uniquely and precisely from the data in “model independent” fits (i.e., fits which allow for an arbitrary electroweak gauge theory). The values for the parameters defined in Eqs. (26.12)–(26.14) are given in Table 26.6 along with the predictions of the Standard Model. The agreement is excellent. The low-energy e^+e� results are difficult to present in a model-independent way because Z-propagator effects are non-negligible at TRISTAN, PETRA, and PEP energies. However, assuming e-μ-τ universality, the lepton asymmetries imply [33] 4(geA)^2 = 0.99 ± 0.05, in good agreement with the Standard Model prediction ≃ 1. The much more precisely measured Z-pole parameters in Table 26.3 are in excellent agreement with the Standard Model. References:

1. S. Weinberg, Phys. Rev. Lett. 19, 1264 (1967);

A. Salam in Elementary Particle Theory, ed. N. Svartholm (Almquist and Wiksells, Stockholm, 1969) p. 367; S.L. Glashow, J. Iliopoulos, and L. Maiani, Phys. Rev. D2, 1285 (1970).

Table 26.6: Values of the model-independent neutral-current parameters, compared with the Standard Model prediction using MZ = 91.187 GeV for mt = 169^{+16}�_{18} GeV and MH = 300 GeV. There is a second gνeV,A solution, given approximately by gνeV ↔ gνeA , which is eliminated by e^+e� data under the assumption that the neutral current is dominated by the exchange of a single Z. θi, i = L or R, is defined as tan�^1[ϵi(u)/ϵi(d)].

Experimental Standard Model Quantity Value Prediction Correlation

ϵL(u) 0.332 ±0.016 0.345±0.001 ϵL(d) −0.438 ±0.012 −0.429±0.001 nonϵR(u) −0.178 ±0.013 −0.155 Gaussian ϵR(d) −0.026^{+0}.^{075}�_0._{048} 0.078

g^2L 0.3017±0.0033 0.303±0.001 g^2R 0.0326±0.0033 0.030 small θL 2.50 ±0.035 2.46 θR 4.58^{+0}.^{46}�_0._{28} 5.18 gνeA −0.506 ±0.015 −0.506±0.001 −0.04 gνeV −0.039 ±0.017 −0.037±0.001 C_1u −0.214 ±0.046 −0.189±0.001 −0.995 −0.79 C_1d 0.359 ±0.041 0.341±0.002 0.79 C_2u −^1_2 C_2d −0.04 ±0.13 −0.051±0.002

2. For reviews, see G. Barbiellini and C. Santoni, Riv. Nuovo Cimento 9(2), 1 (1986);

E.D. Commins and P.H. Bucksbaum, Weak Interactions of Leptons and Quarks (Cambridge Univ. Press, Cambridge, 1983).

3. C.A. Dominguez and E. de Rafael, Ann. Phys. 174, 372 (1987);

J. Gasser and H. Leutwyler, Phys. Reports 87, 77 (1982); S. Narison, Phys. Lett. B216, 191 (1989);

J.F. Donoghue, Ann. Rev. Nucl. and Part. Sci. 39, 1 (1989). 4. D∅: S. Abachi et al., Phys. Rev. Lett. 72, 2138 (1994). 5. CDF: F. Abe et al., Fermilab-Pub-94/097-E.

6. For reviews, see J. Gunion et al., “The Higgs Hunter’s Guide,” (Addison-Wesley, Redwood City, 1990); M. Sher, Phys. Reports 179, 273 (1989).

7. S. Fanchiotti, B. Kniehl, and A. Sirlin, Phys. Rev. D48, 307 (1993) and references therein.

8. W.J. Marciano and A. Sirlin, Phys. Rev. Lett. 61, 1815 (1988). 9. The results given here are updated from U. Amaldi et al., Phys.

Rev. D36, 1385 (1987);

P. Langacker and M. Luo, Phys. Rev. D44, 817 (1991); Very similar conclusions are reached in an analysis by G. Costa et al., Nucl. Phys. B297, 244 (1988);

Deep inelastic scattering is considered by G.L. Fogli and D. Haidt, Z. Phys. C40, 379 (1988).

10. A. Sirlin, Phys. Rev. D22, 971 (1980); D29, 89 (1984);

W. Hollik, Fortsch. Phys. 38, 165 (1990); D.C. Kennedy et al., Nucl. Phys. B321, 83 (1989); D.C. Kennedy and B.W. Lynn, Nucl. Phys. B322, 1 (1989); D.Yu Bardin et al., Z. Phys. C44, 493 (1989);

For recent reviews, see the articles by W. Hollik and W. Marciano, in “Precision Tests of the Standard Electroweak Model,” ed. P. Langacker (World, Singapore, 1994) Extensive references to other papers are given in Ref. 9.

11. V.A. Novikov, L.B. Okun, and M.I. Vysotsky, Nucl. Phys. B397, 35 (1993).

12. W.J. Marciano and J.L. Rosner, Phys. Rev. Lett. 65, 2963 (1990).