27. Constraints on new physics from electroweak analyses 211

27. CONSTRAINTS ON NEW PHYSICS

FROM ELECTROWEAK ANALYSES

This section prepared May 1994 by P. Langacker and J. Erler.

As discussed in the Standard Model review (Sec. 26), the combination of indirect data with the CDF value for mt allows stringent limits on new physics. In particular, many extensions of the Standard Model are described by the ρ0 parameter: ρ0 ≡ M 2W /(M 2Z bc 2Z bρ) , (27.7) which describes new sources of SU(2) breaking that cannot be accounted for by Higgs doublets or mt effects. It has previously been difficult (experimentally) to distinguish ρ0 from the Standard Model value, bρ ≃ 1 + ρt (where ρt ≡ 3m2t GF /8π2 √ 2), though some separation could be done utilizing Rb [8]. Using the CDF mt value as an independent constraint, however, one can calculate bρ and thus obtain the precise value [2] ρ0 = 1.0004 ± 0.0022 ± 0.002, where the second error is from MH . In the Standard Model review (Sec. 26), this result was used to constrain the vacuum expectation values of higher-dimensional Higgs representations. It can also be used to constrain Δm2 from nondegenerate SU(2) multiplets, as defined in Eq. (27.5). That is, in the presence of such multiplets, one has 3GF 8 √ 2π2 X_i C_{i3 Δm2i = ρ0 − 1 , (27.8)}

implyingX

i Ci 3 Δm2i < (95 GeV)2 , (111 GeV)2 , (128 GeV)2 (27.9)

for MH = 60, 300, or 1000 GeV at 90% CL.

It is also possible to parametrize the effects of large mt ≫ MZ (except for the bb vertex) or MH ≫ MZ in terms of S, T , and U. If one takes mt = mreft , MH = M refH as a reference point, then other values of mt and MH can be expressed for large mt, MH as [11]

ΔT = ρt(mt) − ρt(mreft ) α − 3GF 4 √ 2απ2 (M 2Z − M 2W ) ln(MH /M refH )

ΔS = cS ln(mt/mreft ) + 1 6π ln(MH /M refH ) ΔU = cU ln(mt/mreft ) , (27.16)