arXiv:hep-ph/0103001 1 Mar 2001

NYU-TH/01/02/02 hep-ph/0103001

Scale-Independent Calculation of sin^2 `^{lept}_{eff} .

A. Ferroglia^1, G. Ossola^2, and A. Sirlin^3.

Department of Physics, New York University, 4 Washington Place, New York, NY 10003, USA.

Abstract

We present a calculation of the electroweak mixing parameter sin^2 θ^{lept}_{eff} that incorporates known higher order effects, shares the desirable convergence properties of the MS scheme, and has the important theoretical advantage of being strictly independent of the electroweak scale in finite orders of perturbation theory . We also show how this formulation can be extended to the calculation of the W mass M_W . The results provide accurate, scale-independent evaluations of these important parameters, as functions of the Higgs boson mass M_H, and are compared with previous calculations in order to analyze the scheme and scale dependence of the electroweak corrections.

1e-mail: andrea.ferroglia@physics.nyu.edu 2e-mail: giovanni.ossola@physics.nyu.edu 3e-mail: alberto.sirlin@nyu.edu

The accurate calculation of the electroweak mixing parameter sin^2 θ^{lept}_{eff} and the W -boson mass M_W rank among the most important objectives of precision studies of the Standard Model (SM). In fact, these parameters have been measured very accurately and place important constraints on the Higgs boson mass M_H .

Some time ago it was shown that the incorporation of the O (α^2M^2_t /M^2_W ) contributions [1] greatly reduces the scheme and scale dependence of the radiative corrections, as well as the upper bound on M_H [2, 3]. In these papers the calculations of sin^2 θ^{lept}_{eff} and M_W were carried out in two implementations of the on-shell scheme of renormalization [4, 5], denoted as OSI and OSII, as well as in the MS framework [6, 7, 8, 9, 10]. Comparison among the three calculations led then to an analysis of the scheme dependence of the electroweak corrections and, by inference, to an estimate of the theoretical error arising from the truncation of the perturbative series. The on-shell and MS formulations, which are the most frequently employed in electroweak calculations, present a number of relative advantages and disadvantages. The on-shell approach is very “physical”, in the sense that it employs renormalized parameters, such as α, G_μ, and M_W , that are physical observables and, therefore, scale independent. The MS calculations follow closely the structure of the unrenormalized theory and, for this reason, avoid the emergence of large corrections that are frequently induced by renormalization. Thus, they have very desirable convergence properties. On the other hand, they employ parameters, such as α̂ (μ) and sin^2 θ̂_W (μ), which are inherently scale dependent. Since sin^2 θ^{lept}_{eff} and M_W are observable quantities, their evaluation, if carried out to all orders in perturbation theory, should lead to scale-independent results. Practical calculations, however, involve a truncation of the perturbative series and this induces a residual scale dependence. For instance, among the three schemes discussed in Refs. [2, 3], only OSII is scale independent.

The aim of the present paper is to present a calculation of sin^2 θ^{lept}_{eff} that shares the desirable convergence properties of the MS scheme, but has the important theoretical advantage of being strictly independent of the electroweak scale in finite orders of perturbation theory. We also show how this formalism can be extended to the calculation of M_W and applied to the analysis of the scheme dependence of the electroweak corrections.

Our starting point is based on two basic relations of the MS renormalization scheme, as applied to electroweak physics [6, 8, 11]:

ŝ^2ĉ^2 =

A^2 M^2_Z (1 − Δr̂)

, (1)

s^2_{eff} = [ 1 + ê^2 ŝ^2 Δk̂ ( M^2_Z ) ] ŝ^2 , (2)

where A^2 = πα/ √ 2G_μ, ŝ^2 ≡ 1−ĉ^2 and s^2_{eff} are abbreviations for the MS parameter sin^2 θ̂_W (μ) and sin^2 θ^{lept}_{eff} , respectively, and Δr̂ and (ê^2/ŝ^2) Δk̂ (M^2_Z ) are the relevant electroweak corrections. As s^2_{eff} is defined in terms of the Z_0 → ll couplings on resonance, Δk̂ is evaluated at q^2 = M^2_Z. Numerically, (ê^2/ŝ^2) Δk̂ (M^2_Z ) is very small, of O (4 × 10�^4) for μ ≈ M_Z. It is important to note that ŝ^2, ê^2, Δr̂ and Δk̂ (M^2_Z ) are scale-dependent quantities, while α, G_μ, M_Z, and s^2_{eff} , being physical observables, are not.

Since the present knowledge of the irreducible two-loop corrections to Δr̂ and (ê^2/ŝ^2) Δk̂ (M^2_Z) is restricted to contributions enhanced by powers (M^2_t /M^2_Z )^n (n = 1, 2), our strategy to obtain scale-independent expressions is to combine Eq. (1) with Eq. (2) retaining only such contributions (as well as complete one loop effects), and expressing the results in terms of scaleindependent couplings.

Recalling that at the one-loop level Δk̂ (M^2_Z ) depends only logarithmically on M_t/M_Z [1, 11] and combining Eq. (1) with Eq. (2), we find

s^2_{eff} c^2_{eff} =

A^2

M^2_Z (1 − Δr̂) [ 1 −^{ê2}_{ŝ2} Δk̂ ( 1 −^{s2eff}_{c2eff} )] . (3) At the one-loop level [2, 6, 8]

1 − Δr̂ = 1 + 2δe e | | | |_{MS} + e^2 ŝ^2 Δρ̂ + · · · , where^{δe}_e | |_{MS} is the charge renormalization counterterm in the MS scheme, Δρ̂ is given in Eq. (4) of Ref. [2], and the dots stand for one-loop contributions not involving the factor M^2_t /M^2_Z . Noting that ( 1 +^{2δe}_e | |_{MS}) ê^2 = e^2 [8] and ê^2/ŝ^2 = G_μ8M^2_W / √ 2 + · · · [2, 8], where the dots indicate higher order terms, we see that Eq. (3) can be written in the form s^2_{eff} c^2_{eff} =

A^2 M^2_Z (1 − Δr_{eff} )

, (4)

Δr_{eff} = Δr̂ + e^2 s^2_{eff} Δk̂ ( 1 − s^2_{eff} c^2_{eff} ) (1 + x_t) , (5)

where

x_t = 3G_μ 8 √ 2π^2

M^2_t (6)

is the leading one-loop contribution to (ê^2/ŝ^2) Δρ̂ and we have neglected two-loop corrections not proportional to (M^2_t /M^2_Z )^n. The one-loop approximation to Eqs. (4, 5) has been recently applied to discuss the mass scale of new physics in the Higgs-less scenario [12] and the evidence for electroweak bosonic corrections in the SM [13].

At this stage, it is convenient to express Δr̂ in terms of the corrections Δr̂_W , Δρ̂, and f̂ discussed in Refs. [2, 7, 8]. Using Eqs. (15b, 15a, 8b, 8a) of Ref. [8], we obtain

Δr̂ = Δr̂_W − ( e^2/s^2_{eff} ) Δρ̂ − ( e^2/s^2_{eff} ) x_t [ 2Δρ̂ − (Δρ̂)_{lead} − f̂ + Δk̂ ] , (7)

where we have again neglected two-loop contributions not proportional to (M^2_t /M^2_Z )^n and (Δρ̂)_{lead} = (3/64π^2) M^2_t /M^2_W . Combining Eq. (5) and Eq. (7), we have

Δr_{eff} = Δr̂_W − e^2 s^2_{eff} [ Δρ̂ − Δk̂ ( 1 − s^2_{eff} c^2_{eff} )]

− e^2 s^2_{eff} x_t [ 2Δρ̂ − (Δρ̂)_{lead} − f̂ + Δk̂ s^2_{eff} c^2_{eff} ] . (8)

The corrections Δr̂_W , ( e^2/s^2_{eff} ) Δρ̂ and ( e^2/s^2_{eff} ) Δk̂ include irreducible twoloop contributions proportional to (M^2_t /M^2_Z )^n [1, 2]. In Eq. (8) ŝ^2 has been substituted everywhere by the scale-independent parameter s^2_{eff} . However, Δr̂_W , Δρ̂, Δk̂, and f̂ depend also on c^2 = M^2_W /M^2_Z , where c^2 is an abbreviation for the on-shell parameter cos^2 θ_W [4, 5]. In order to obtain an expression that depends only on c^2_{eff} , we proceed as follows: i) M^2_W is replaced everywhere by c^2M^2_Z, ii) in all the contributions that are explicitly of two-loop order we substitute c^2 → c^2_{eff} , since the difference is of third order, and iii) in the one-loop terms we perform a Taylor expansion, exemplified by Δρ̂ ( c^2_{eff} , c^2 ) = Δρ̂ ( c^2_{eff} , c^2_{eff} ) + ∂Δρ̂ ∂c^2 | | | |_{c2=c2eff} ( c^2 − c^2_{eff} ) + · · · . (9)

In the leading contribution to Δρ̂, proportional to M^2_t , c^2 − c^2_{eff} in Eq. (9) is replaced by the complete one-loop expression (see Eq. (14))

c^2 − c^2_{eff} = ( G_μM^2_Z / √ 2 ) 8 c^4_{eff} [ Δρ̂ + ( s^2_{eff} /c^2_{eff} ) Δk̂ ] , (10)

while in the terms not proportional to M^2_t (and this includes Δr̂_W and Δk̂) we employ only the leading part c^2 − c^2_{eff} = c^2_{eff} x_t. In this way, the calculation of s^2_{eff} is completely decoupled from that of M_W , and can be carried out iteratively on the basis of Eq. (4) and Eq. (8).

In order to evaluate M_W , it is convenient to consider the relation [8]

c^2 = ρ̂ ĉ^2 = ( 1 − ŝ^2 ) [ 1 − ( ê^2/ŝ^2 ) Δρ̂ ]�_1

. (11)

Expressing ŝ^2 in the first factor in terms of s^2_{eff} via Eq. (2), and neglecting again two-loop effects not proportional to (M^2_t /M^2_Z )^n, we obtain

c^2 = c^2_{eff} { 1 − ê^2 ŝ^2 [ Δρ̂ + s^2_{eff} c^2_{eff} Δk̂ ( 1 − ê^2 ŝ^2 Δρ̂ )]}�1 . (12)

Next, we insert the relation

ê^2/ŝ^2 = ( G_μ/ √ 2 ) 8M^2_W [ 1 − ( ê^2/ŝ^2 )^ f ] , (13)

which follows from Eq.(8) of Ref. [2]. This leads to

M^2_W /M^2_Z = c^2_{eff} { 1 − G_μ √ 2 8M^2_W [ Δρ̂ + s^2_{eff} c^2_{eff} Δk̂ (1 − x_t) − f̂ x_t ]}�_1 . (14)

Since the only one-loop contribution proportional to M^2_t is (Δρ̂)_{lead}, and this is independent of ĉ^2, this parameter can be replaced by c^2_{eff} everywhere in the expression between curly brackets. Replacing again M^2_W = c^2M^2_Z, this expression can be regarded as a function G ( c^2_{eff} , c^2 ) . Performing a Taylor expansion about c^2 = c^2_{eff} , analogous to Eq. (9), we obtain then a function that depends only on c^2_{eff} . This fact insures the strict electroweak-scale independence of the result and permits the numerical evaluation of M_W on the basis of Eq. (14) and the c^2_{eff} values obtained before.

Since s^2_{eff} plays the role of the basic renormalized electroweak mixing parameter, for brevity we will refer to the present framework as the “effective” (EFF) scheme of renormalization. Numerical results for M_W and s^2_{eff} based on this scheme are presented in Tables 1 and 2, as functions of M_H , using G_μ = 1.16637 × 10�^5 GeV �^2, M_Z = 91.1875 GeV , α_s (M_Z ) = 0.119, and M_t = 174.3 GeV for the pole mass of the top quark. Table 1 employs the traditional value Δα^{(5)}_h = 0.02804 ± 0.00065 [14] for the five-flavor hadronic contribution to α (M_Z), while Table 2 is based on Δα^{(5)}_h = 0.02770 ± 0.00017 [15], one of the recent “theory driven” calculations. In both Tables, QCD contributions are implemented in the μ_t = M_t (μ_t) scheme explained, for instance, in Ref. [2] (M_t (μ_t) is the MS running top quark mass at scale μ). As the dependence of Δρ̂ ( c^2_{eff} , c^2 ) , Δr̂_W ( c^2_{eff} , c^2 ) , Δk̂ ( c^2_{eff} , c^2 ) , f̂ ( c^2_{eff} , c^2 ) , and G ( c^2_{eff} , c^2 ) on c^2 is rather involved, we have found convenient to evaluate numerically, rather than analytically, the derivatives with respect to c^2 exemplified in Eq. (9).

Calculations in the MS-scheme traditionally employ μ = M_Z when evaluating electroweak corrections at or near the Z^0-resonance region [2]. Detailed comparisons to six significant figures show that the differences (MS at μ = M_Z minus EFF calculations) are δs^2_{eff} = (1.6, 1.4, 0.9, 0.6, 0.5)×10�^5 and δM_W = (0.2, 0.3, 0.4, 0.2, −0.1) MeV for M_H = (65, 100, 300, 600, 1000) GeV , respectively, when Δα^{(5)}_h = 0.02804 is employed, with essentially the same values for Δα^{(5)}_h = 0.02770. We have also compared the results of the MS and EFF frameworks when the M_t implementation of the QCD corrections is used [2]. In this case the differences are δs^2_{eff} = (1.2, 1.0, 0.6, 0.5, 0.4) × 10�^5 and δM_W = (0.1, 0.1, 0.0, −0.3, −0.7) MeV for Δα^{(5)}_h = 0.02804, and essentially the same for Δα^{(5)}_h = 0.02770. Thus, the differences between the MS (μ = M_Z) and EFF calculations are very small, with maximal variations of δs^2_{eff} = 1.6 × 10�^5 (at M_H = 65 GeV with μ_t-QCD corrections), and δM_W = −0.7 MeV (at M_H = 1 T eV with M_t-QCD evaluations).

Figs. 1 and 2 compare the MS and the EFF calculations of s^2_{eff} and

M_W , as functions of the scale μ, for M_H = 100 GeV , Δα^{(5)}_h = 0.02804, and μ_t-QCD corrections. We see that the difference δs^2_{eff} is within ±1 × 10�^5 in the range 26 GeV ≤ μ ≤ 202 GeV , but becomes negative and sizable for small and large values of μ. A very similar pattern holds for the difference δM_W . Thus the EFF calculations give support to the MS results of Refs. [2, 3], which employ μ = M_Z, and at the same time remove the inherent ambiguities associated with the choice of the electroweak scale. The effect of such ambiguities on the analysis of the scheme-dependence is discussed later on. It is also interesting to note that, although physicists usually choose MS scales on the basis of energies characteristic of the physical observables under consideration, there are important cases in which scales obtained by optimization methods (BLM [16], FAC [17], PMS [18]) are very different. Recent examples include the relation between pole and MS pole masses, where optimization methods [19] led to extraordinarily accurate predictions of third-order coefficients [20], and the QED corrections to μ-decay [21].

A scale-independent estimate of renormalization-scheme differences can be achieved by comparing the present results with the OSII calculations, which are based on the on-shell framework and are also scale independent. For Δα^{(5)}_h = 0.02804, μ_t-QCD corrections and the same inputs, the differences (OSII minus EFF calculations) are δs^2_{eff} = (3.0, 3.3, 3.6, 3.2, 2.3) × 10�^5 and δM_W = − (1.4, 1.4, 1.4, 1.4, 1.2) MeV , for M_H = (65, 100, 300, 600, 1000) GeV . If, instead, we employ the M_t-QCD implementation, we obtain δs^2_{eff} = (4.2, 4.3, 3.9, 3.1, 1.7)×10�^5 and δM_W = − (1.9, 1.8, 1.7, 1.5, 1.1) MeV . Comparing the results, for given M_H, of the four calculations (OSII and EFF results, with μ_t or M_t-QCD corrections), we find maximal variations of ≈ 5 × 10�^5 in s^2_{eff} and ≈ 3MeV in M_W . These conclusions are very similar to those reported in Ref. [2]. For Δα^{(5)}_h = 0.02770, the maximal variations are nearly identical to those given above. As pointed out in [3], the QCD uncertainties are expected to be larger than indicated by the difference between the μ_t and M_t approaches, reaching ±3 × 10�^5 in s^2_{eff} and ±5 MeV in M_W . Thus, for M_H = 100 GeV the overall estimated uncertainty is ≈ 6 × 10�^5 in s^2_{eff} and ≈ 7 MeV in M_W . Using the approximate relations δM_H/M_H ≈ 1.9 × 10^3 δs^2_{eff} and δM_H/M_H ≈ −1.6 × 10�^2 δM_W /MeV , which can be gleaned from Ref. [3], we see that the theoretical uncertainties induced by such scheme dependences amount to δM_H /M_H ≈ ±0.11 in both the s^2_{eff} and M_W cases.

It is important to note that, since the s^2_{eff} results of OSII are larger than those of MS for arbitrary electroweak scale, there is no μ value for which the two calculations coincide and, in fact, their difference increases for small and large μ values (cf. Fig. 1). In contrast, in the M_W case one can choose μ such that the OSII and MS calculations agree exactly. For instance, for M_H = 100 GeV , this occurs at μ ≈ 45 GeV and μ ≈ 240 GeV . This shows that the residual scale ambiguity of the MS calculations complicates the analysis of scheme-dependence and that it is, in fact, highly advantageous to compare scale-independent calculations, as we have done above.

One may also compare the M_W calculation in the EFF scheme with a recent and more complete on-shell analysis that incorporates all the two-loop contributions to Δr that contain a fermion loop [22]. For equal inputs, we find δM_W = (6.1, 5.3, 2.7, 1.6, 0.7) MeV , (δM_W ≡ EFF minus Ref. [22], using M_t-QCD corrections), with the effective calculation leading to slightly larger M_H values for given M_W . It is not clear, however, that this comparison is a good test of scheme dependence, since Ref. [22] includes a class of two-loop effects not contained in the current EFF calculation of M_W .

As a final application, we list the values of M_H and its upper-bounds obtained with the EFF calculations on the basis of the current experimental values of s^2_{eff} and M_W , without taking into account the experimental lower bounds obtained by direct searches. Using the world average values s^2_{eff} = 0.23146 ± 0.00017, M_t = (174.3 ± 5.1) GeV , α̂_s (M_Z ) = 0.119 ± 0.002 [23], and μ_t-QCD corrections, we find M_H = ( 86^{+78}�_{41} GeV ) , M^{95}_H = 248 GeV for Δα^{(5)}_h = 0.02804 ± 0.00065, and M_H = ( 109^{+66}�_{41} GeV ) , M^{95}_H = 238 GeV for Δα^{(5)}_h = 0.02770 ± 0.00016 (M^{95}_H is the 95% CL upper bound). Employing M_W = (80.436 ± 0.037) GeV [23] we find M_H = ( 28^{+60}�_{28} GeV ) , M^{95}_H = 153 GeV for Δα^{(5)}_h = 0.02804 ± 0.00065, and M_H = ( 33^{+62}�_{33} GeV ) , M^{95}_H = 162 GeV for Δα^{(5)}_h = 0.02770 ± 0.00016. We recall that the range M_H . 113 GeV is already excluded by direct searches at the 95% CL. It is worth noting that among all the calculational schemes we have discussed (MS (μ = M_Z), OSII, Ref.[22], and EFF), the latter gives the smallest (largest) value of s^2_{eff} (M_W ), for given M_H. Since s^2_{eff} (M_W ) is a monotonically increasing (decreasing) function of M_H , the EFF calculations lead to the largest values of M_H .

In summary, we have discussed and implemented a novel framework of renormalization in which s^2_{eff} plays the role of the renormalized electroweak mixing parameter. This scheme shares the desirable convergence properties of the MS approach, with the important theoretical advantage that the calculations are strictly independent of the electroweak scale in finite orders of perturbation theory. Thus, it also shares the attractive properties of the onshell scheme. When applied to the evaluation of the basic parameters s^2_{eff} and M_W , it leads to results that are very close to those in the MS scheme, provided that the scale in the latter calculation is chosen in the neighborhood of M_Z. Thus, it gives strong support to the MS calculations carried out in the past and, at the same time, it removes the ambiguity associated with the choice of the electroweak scale. As stressed in the paper, the elimination of this dependence is important, not only in order to obtain unambiguous results, but also in the analysis of the scheme-dependence of the electroweak corrections.

The authors are greatly indebted to G. Degrassi and P. Gambino for detailed discussions and access to their computational codes. This research was supported by NSF grant PHY-0070787.

References

[1] G. Degrassi, P. Gambino, and A. Vicini, Phys. Lett. B383 (1996) 219.

[2] G. Degrassi, P. Gambino, and A. Sirlin, Phys. Lett. B394 (1997) 188.

[3] G. Degrassi, P. Gambino, M. Passera, and A. Sirlin, Phys. Lett. B418 (1997) 209.

[4] A. Sirlin, Phys. Rev. D22 (1980) 971 and Phys. Rev. D29 (1984) 89;

W. J, Marciano and A. Sirlin, Phys. Rev. D22 (1980) 2695.

[5] K. Aoki et al., Supplement of the Progress of Theoretical Physics 73 (1982) 1; M. Böhm, H. Spiesberger, and A. Hollik, Fortsh. Phys. 34 (1986) 687; A. Hollik, ibid. 38 (1990) 165; E. Kraus, Annals Phys. 262, (1998) 155; P. A. Grassi, Nucl. Phys. B560, (1999) 499.

[6] A. Sirlin, Phys. Lett. B232 (1989) 123.

[7] S. Fanchiotti and A. Sirlin, Phys. Rev. D41 (1990) 319.

[8] G, Degrassi, S. Fanchiotti, and A. Sirlin, Nucl. Phys. B351 (1991) 49.

[9] G. Degrassi and A. Sirlin, Nucl. Phys. B352 (1991) 342.

[10] S. Fanchiotti, B. Kniehl, and A. Sirlin Phys. Rev. D48 (1993) 307. [11] P. Gambino and A. Sirlin, Phys. Rev. D49 (1994) 1160. [12] B. A. Kniehl and A. Sirlin, Eur. Phys. J. C 16 (2000) 635. [13] A. Sirlin, Proc. of the 19th Intl. Symp. on Photon and Lepton Interactions at High Energy LP99, ed. J.A. Jaros and M.E. Peskin, (2000) 398.

[14] S. Eidelman and F. Jegerlehner, Z. Phys. C67 (1995) 585. [15] M. Davier and A. Höcker, Phys. Lett. B435 (1998) 427. [16] S. J. Brodsky, G. P. Lepage, and P. B. Mackenzie, Phys. Rev. D28 (1983) 228; S. J. Brodsky and H. J. Lu, Phys. Rev. D51 (1995) 3652.

[17] G. Grunberg, Phys. Lett. B95 (1980) 70 and B110 (1982) 501;

Phys. Rev. D29 (1984) 2315.

[18] P. M. Stevenson, Phys. Lett. B100 (1981) 61; Phys. Rev. D23 (1981) 2916; Nucl. Phys. B203 (1982) 472 and Nucl. Phys. B231 (1984) 55.

[19] K. Chetyrkin, B. A. Kniehl, and A. Sirlin, Phys. Lett. B402 (1997) 359. [20] K. Chetyrkin and M. Steinhauser, Phys. Rev. Lett. 83 (1999) 4001;

K. Melnikov and T. van Ritbergen, Phys. Lett. B482 (2000) 1999. [21] A. Ferroglia, G. Ossola, and A. Sirlin, Nucl. Phys. B560 (1999) 23. [22] A. Freitas, W. Hollik, W. Walter, and G. Weiglein, Phys. Lett. B495 (2000) 338; A. Freitas, S. Heinemeyer, W. Hollik, W. Walter, and G. Weiglein, Nucl. Phys. Proc. Suppl. 89 (2000) 82; A. Freitas, S. Heinemeyer, W. Hollik, W. Walter, and G. Weiglein, hep-ph/0101260.

[23] The LEP Electroweak Working Group, EP Preprint Summer 2000 - in preparation (http://lepewwg.web.cern.ch/LEPEWWG/).

Table 1: Predicted values of M_W and s^2_{eff} in the EFF renormalization scheme. QCD corrections based on μ_t-parametrization. M_t = 174.3 GeV , α̂_s (M^2_Z) = 0.119, Δα^{(5)}_{had} = 0.02804 M_H [GeV ] M_w [GeV ] sin^2 θ^{lept}_{eff} 65 80.401 0.23132 100 80.378 0.23153 300 80.305 0.23211 600 80.251 0.23250 1000 80.212 0.23278

Table 2: As in Table 1, but with Δα^{(5)}_{had} = 0.02770.

M_H [GeV ] M_w [GeV ] sin^2 θ^{lept}_{eff} 65 80.407 0.23120 100 80.384 0.23142 300 80.310 0.23199 600 80.257 0.23238 1000 80.218 0.23266

PSfrag replacements

Figure 1: Scale dependence of s^2_{eff} in the MS (dashed line) and EFF (solid line) schemes for M_H = 100 GeV and the input parameters listed in Table 1. The light dotted lines define a range of ±1 × 10�^5 around the EFF result.

PSfrag replacements

Figure 2: Scale dependence of M_W in the MS (dashed line) and EFF (solid line) schemes for M_H = 100 GeV and the input parameters listed in Table 1. The light dotted lines define a range of ±1MeV around the EFF result.