1314 27. Constraints on new physics from electroweak analyses

and bs 2Z = 0.2311 ± 0.0007, αs = 0.099 ± 0.013. Combining with the CDF direct value of mt, one does not need to introduce a reference value for mt. That is, one can determine Snew, Tnew, Unew, and γb directly, in a simultaneous fit with bs 2Z , αs, and mt. One obtains

Snew = −0.42 ± 0.36�0.08+0.17

Tnew = −0.35 ± 0.44+0.18�0.11

Unew = −1.3 ± 1.3

γb = 0.032 ± 0.017 , (27.20b)

and the allowed region in S0new – T 0new is shown in Fig. 27.1. (S0new includes the MH dependence explicitly, S0new ≡ Snew + ΔSHiggs, and similarly for T 0new, see Eq. (27.16).) The values in Eq. (27.20b) are almost identical to those in Eq. (27.20a) except for a small increase in the errors due to the variation of mt around the best fit value 175 ± 16. The second error bars represent the uncertainty due to MH ranging from the reference value of 300 GeV to 1000 (upper) or 60 (lower) GeV. From Eq. (27.20b) one obtains Snew < 0.09 (+0.23), and T < 0.27 (0.43) at 90 (95)% CL. If one requires the constraint Snew ≥ 0 then (as in QCD-like technicolor models) Snew < 0.38 (0.46). Allowing arbitrary Snew, only one heavy generation of ordinary fermions is allowed at 95% CL. The favored value of Snew is problematic for technicolor models with many techni-doublets and QCD-like dynamics, as is the value of γb. Although Snew is consistent with zero, the electroweak asymmetries, especially the SLD left-right asymmetry, favor Snew < 0. The simplest origin of Snew < 0 would probably be an additional heavy Z0 boson [5], which could mimic Snew < 0.

There is no simple parametrization that is powerful enough to describe the effects of every type of new physics on every possible observable. The S, T , and U formalism describes many types of heavy physics which affect only the gauge self-energies, and it can be applied to all precision observables. However, new physics which couples directly to ordinary fermions, such as heavy Z0 bosons or mixing with exotic fermions cannot be fully parametrized in the S, T , and U framework. It is convenient to treat these types of new physics by parametrizations that are specialized to that particular class of theories (e.g., extra Z0 bosons), or to consider specific models (which might contain, e.g., Z0 bosons and exotic fermions with correlated parameters). An alternate formalism [21] defines parameters, ϵ1, ϵ2, ϵ3, ϵb in terms of the specific observables MW /MZ , the leptonic Z width Γℓℓ, the forward-backward asymmetry [2] at the Z pole, A(0,ℓ)F B , and Rb. The definitions coincide with those for bϵi in Eqs. (27.12) and (27.13) for physics which affects gauge self-energies only, but the ϵ’s now parametrize arbitrary types of new physics and can also incorporate all of the effects of mt and MH on the four basic observables. However, the ϵ’s are not related to other observables unless additional model-dependent assumptions are made. Another approach [22] parametrizes new physics in terms of gauge-invariant sets of operators. It is especially powerful in studying the effects of new physics on nonabelian gauge vertices. The most general approach introduces deviation vectors [24]. Each type of new physics defines a deviation vector, the components of which are the deviations of each observable from its Standard Model prediction, normalized to the experimental uncertainty. The length (direction) of the vector represents the strength (type) of new physics.

References:

1. M. Veltman, Nucl. Phys. B123, 89 (1977);

M. Chanowitz, M.A. Furman, and I. Hinchliffe, Phys. Lett. B78, 285 (1978).

2. See the section on the Standard Model of Electroweak Interactions. 3. CDF: F. Abe et al., FERMILAB-PUB-94/097-E. 4. D∅: S. Abachi et al., Phys. Rev. Lett. 72, 2138 (1994). 5. See P. Langacker and M. Luo, Phys. Rev. D45, 278 (1992) and references therein.

6. A. Denner et al., Phys. Lett. B240, 438 (1990). 7. S. Bertolini and A. Sirlin, Phys. Lett. B257, 179 (1991). 8. P. Langacker and M. Luo, Phys. Rev. D44, 817 (1991).

Figure 27.1: 90% CL limits on S0new and T 0new from various inputs. S0new and T 0new have the mt dependence removed (it is fit separately), but contain the small MH dependence. In the Standard Model, one expects S0new = T 0new = 0 for MH = 300 GeV (indicated by a box). The expected values for MH = 60 GeV (circle) and 1000 GeV (diamond) are also indicated. The fit to MW and MZ assumes U = 0, while U is arbitrary in the other fits.

9. M. Peskin and T. Takeuchi, Phys. Rev. Lett. 65, 964 (1990) and Phys. Rev. D46, 381 (1992);

M. Golden and L. Randall, Nucl. Phys. B361, 3 (1991). 10. W. Marciano and J. Rosner, Phys. Rev. Lett. 65, 2963 (1990). 11. D. Kennedy and P. Langacker, Phys. Rev. Lett. 65, 2967 (1990) and Phys. Rev. D44, 1591 (1991).

12. G. Altarelli and R. Barbieri, Phys. Lett. B253, 161 (1990). 13. B. Holdom and J. Terning, Phys. Lett. B247, 88 (1990). 14. B.W. Lynn, M.E. Peskin, and R.G. Stuart, in Physics at LEP, CERN 86-02, Vol. I, p. 90 (1986).

15. H. Georgi, Nucl. Phys. B363, 301 (1991);

M.J. Dugan and L. Randall, Phys. Lett. B264, 154 (1991); E. Gates and J. Terning, Phys. Rev. Lett. 67, 1840 (1991).

16. R. Sundrum and S.D.H. Hsu, Nucl. Phys. B391, 127 (1993);

R. Sundrum, Nucl. Phys. B395, 60 (1993);

M. Luty and R. Sundrum, Phys. Rev. Lett. 70, 529 (1993); T. Appelquist and J. Terning, Phys. Lett. B315, 139 (1993).

17. R. Barbieri, M. Frigeni, F. Giuliani, and H.E. Haber, Nucl. Phys.

B341, 309 (1990).

18. R.S. Chivukula, B. Selipsky, and E.H. Simmons, Phys. Rev. Lett.

69, 575 (1992);

R.S. Chivukula et al., Phys. Lett. B311, 157 (1993). 19. A. Djouadi et al., Nucl. Phys. B349, 48 (1991);

M. Boulware and D. Finnell, Phys. Rev. D44, 2054 (1991); G. Altarelli et al., Phys. Lett. B314, 357 (1993).

20. G. Altarelli, R. Barbieri, and F. Caravaglios, Nucl. Phys. B405, 3 (1993).

21. G. Altarelli, R. Barbieri, and S. Jadach, Nucl. Phys. B369, 3 (1992); B376, 444(E) (1992).

22. A. De Rújula, M.B. Gavela, P. Hernandez, and E. Massó, Nucl.

Phys. B384, 3 (1992).

23. C.P. Burgess and D. London, Phys. Rev. D48, 4337 (1993). 24. P. Langacker, M. Luo, and A.K. Mann, Rev. Mod. Phys. 64, 87 (1992).