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Abstract: We compare two renonnalization schemes of the electroweak 
standard model: the on-shell scheme withe, Mw, Mz, MH, and the fermion 
masses {m1} as free parameters, and an intermediate scheme where the W 
boson self energy is renormalized at q2 = 0 instead of q2 = Ww. Using 
the same physical input data for both schemes, various Green functions, the 
Mw - Mz mass relation, and the differential e+ e- -> J.!+ J.!- cross section 
are calculated in one-loop order. We find striking differences between the 
forward-backward asymmetries predicted in either of the schemes near the Z 
resonance. 

1. Introduction 

Predictions of the electroweak standard model! [1] have been confirmed 
by the discovery of the W and Z bosons with the expected masses [2]. The 
next step of precision tests of the standard model beyond the tree level requires 
theoretical predictions which are normally based on perturbative calculations 
of radiative corrections. The renormalizability of the model [S] ensures that 
this is possible by multiplicative renormalization. Radiative corrections have 
been calculated to one-loop order for various processes: low energy processes 
(J.' lifetime, v scattering) [4,5,6,7 ,8,9] and high energy e+ e- annihilation 
[10,11]. For calculations beyond the tree level it is necessary to specify a 
renormalization scheme, which defines 

- the free parameters in the Lagrangian, 
- the renormalization conditions in order to express the bare parameters and 
fields in terms of the renonnalized ones, 
- the connection of the free parameters with the experimental input data. 

One can distinguish between three types of renormalization schemes applied 
in electroweak loop calculations: 

(i) The on-shell scheme [4,5,6,12] makes use of the masses Mw, Mz, MH, 
{ m 1} of the massive vector bosons, the scalar Higgs boson, and fermions 
as free parameters. The renormalization conditions fix the finite parts of the 
renormalization constants in a way that directly allows for the particle content 
of the theory. Besides the masses, e = J4ii'(> (a being the electromagnetic 
fine-structure constant) is commonly used as a precisely measured coupling 
constant. 

(ii) Instead of the gauge boson masses Afw and Mz, the renormalization can 
be based on the use of low energy parameters Gp and Ow, where Gp is the 
1-' decay constant and Ow the weak mixing angle measured e.g. in v~efv~e 
scattering [7,8]. The renormalization conditions ensure that G} determines 
the 1-' lifetime r1, and sin2 Ow the contribution of electromagnetic current to 
the weak neutral current. Mw and Mz then can be derived by determination 
of the poles of the corresponding renormalized propagators. 

(iii) The MS scheme [9] has the advantage that all the renormalization con
stants are fixed by the simple prescription of subtracting the singular parts 
of the two- and three-point functions. However, after relating the parameters 
<>(J.<), mw(J.<), mz(J.<), mH(J.!), and {m,(J.<)} to the corresponding physical 
quantities, this scheme becomes as complicated as (i) and (ii) [13]. 



For a survey see [14]. 

Due to the renormaliza.tion group invariance all renormalization schemes are 
equivalent. However, as long as we can only approximate physical observables 
by perturbative calculations these approximations are renormalization scheme 
dependent: the results in a fixed order given in different schemes deviate 
from each other by higher order contributions. This, however, does not mean 
a quantitative numerical estimate. Consequently, for testing the reliability 
of electroweak one-loop calculations, different renormalization schemes have 
to be compared with respect to their numerical predictions for measurable 
quantities. 

The intention of this paper is to investigate the size of the renormalization 
scheme effect in the calculation of one-loop corrections to the following ob
servables: 
(a) the relation between the masses Mw and Mz, 
(b) the cross section and forward-backward asymmetry in e+ .- --+ p.+ p.-. 
To be concrete, we select two different renormalization schemes (RSI and 
RS2), perform systematically the renormalization procedure, and compare 
the (a) and (b) results obtained in both schemes for the same set of physical 
input data. 
These schemes are characterized as follows: 

RS1: The free parameters are chosen as e, Gr, Mz, MH, {m! }. The 
renormalization conditions are the on-shell conditions for Mz, MH, {m! }, 
but not for Mw. Instead, the W boson self energy is renormalized at zero 
momentum transfer such that T p. is determined by G F in the same way as 
in the Fermi theory. Mz will be measured in near future with a precision 
of at least 0.1 GeV at LEP/SLC [15]. Together withe and Gr, this scheme 
directly contains those quantities which are known with best precision as free 
parameters. The physical W mass Mw is predicted by the pole (real part) of 
the renormalized W propagator. Since this scheme is a mixture of the types 
(i) and (ii) we shall also call it the "intermediate scheme". 

RS!!: This is the on-shell scheme with the free parameters e, Mw, Mz, 
MH, {m! }. Now the on-shell condition is also imposed on theW self energy. 
The numerical value for Mw can be calculated from the input parameters 
by inverting T~(e,Mw,Mz,MH,{m,}) in one-loop order. For the details we 
refer to [16]. 

Although both schemes use the same physical input, the mixing angle as well 
as the neutral current couplings are different in lowest order. This reflects 
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the fact that the separation of S matrix elements into Born terms and radi
ative corrections is not free of ambiguities. By studying one-loop corrections in 
either of the schemes, we can get an insight to which extent these contributions 
compensate the lowest-order differences between both schemes. This will be 
of special interest in cases where the lowest-order differences become large, 
for example in the e+ .- --+ 7 f forward- backward asymmetry near the Z 
resonance. We restrict ourselves to the simplest process e+ e- --+- p+ p.- in 
order to exclude uncertainties e.g. due to quark fragmentation. 
The result of our investigation is that in the critical region around the Z res
onance the RS1 and RS2 forward-backward asymmetries are sizable different 
also after inclusion of one-loop corrections. 

In sect. 2 of this paper the renormalization conditions defining both schemes 
are collated. Sect. 3 summarizes essential features of the one-loop Green 
functions, and sect. 4 contains the comparison of the Mw - Mz correlation. 
The integrated cross sections and forward-backward asymmetries calculated 
in RS1 and RS2 are discussed in sect. 5. 

2. The schemes 

Both schemes are identical with respect to the generation of counterterms 
yielding finite Green functions. The input parameters e, Mz, MH, {m!} 
are used as free physical parameters in either of the schemes. We list the 
renormalization conditions as follows1: 

- The electric charge e = v'4ro is defined by the nonrelativistic Thomson 
limit of the Compton scattering. 

r~"'(k2 = 0; p = g = m,) = iq~ (2.1) 

- In the limit k2 --+ 0 the photon-Z-mixing energy has to vanish, i.e. on-shell 
photons couple to fermions as in pure QED. 

Re E}z(o) = o (2.2) 

- The residue of the photon propagator is I: 

I ~ I k• Re E}(k2
) = o 
k~=O 

(2.3) 

1 E, f denote renorme.lized self energies and vertices. 

3 



- The physical masses given as the poles of the propagators are equal to 
their lowest order values by fixing the mass counterterms 6Ui, 6M"fi, { 6m}} 
according to 

~ ..... Re ET(m;;;) = 0 , Re E•(M"fi) = 0 , Re E'(m}) = 0 (2.4) 

- To determine the wave function renormalization constants, we take into 
account additional residue conditions: 

~1 ~Re E;-(p)l = 0 
'I- m;- ;=m,_ 

(2.5) 

.!!__He E"(p2 )1 = 0 
8p2 p3=M~ 

(2.6) 

i- means the ! 3 = -1/2 component of the fermion doublet i. In both schemes 
we have only one renormalization constant for each field multiplet and there
fore we are not able to demand a propagator residue 1 for all particles. 

The next renormalization condition distinguishes between the two schemes: 

(i) Intermediate scheme: This scheme uses the Fermi constant G F that is 
related to the muon lifetime T,. as physical parameter. The numerical value of 
T" is one of the input data and experimentally measured with high precision. 
It is calculated by considering all electroweak corrections to muon decay. The 
result can be split into a "weak" four-fermion interaction part with coupling 
G F and, on the other side, its electromagnetic corrections which are ultraviolet 
convergent and gauge invariant. In particular one has up to the first order in 
the expansion parameter a [17] 

_ 1 2 m~ ( m~) [ a ( 25 2 ] 
T =GF-- 1-8- 1+- --71") 
" 192.-3 m~ 2.- 4 

(2.7) 

and Gp comes out at 

G F = 1.16634 ± 0.00002 w-• GeV - 2 

Taking this condition one gets the relation. 

GF g• 
-=-2-V2 8M2 
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which can be expressed in free parameters as 

1/2] 
M'=iMi[1+(1- V2~:Mi) (2.8) 

M is an abbreviation and approximates the mass Mw of the charged vector 
bosons w± in lowest order: 

00 

Mw =M+ LMnan 
n=l 

(2.9) 

Equation (2.7) also supplies us with a 1-loop renormalization condition con
taining the renormalized W self energy and the renormalization constants 
6Zr', 6Zr' for the SU(2) coupling g2 and the gauge field triplet: 

Re --+- --+ n- + { E~(O) a ( 6 7-4sin
2
0l w) 

M2 411' sin2 0 2 sin4 0 Mi 

w a 4 (2 M')} + 2(6Zr'- 6Z2 ) + -
4 

-.-2- - -ln"' -In --2 = 0 
?rsm 0 • 411'/J 

(2.10) 

To lowest order the weak mixing angle 0 diagonalizing the "/ Z mass matrix is 
given by 

M 
cosO= Mz (2.11) 

(ii) On-shell scheme: In this scheme the charged vector bosons w± are renor
malized on their mass shells. By means of the renormalization condition 

~w ,,. 
Re ET (row)= 0 (2.12) 

the physical mass Mw is incorporated into the scheme as a free and renor
malized parameter. It is an essential attribute of the on-shell scheme that 
it treats the neutral and charged vector bosons identically. We define the 
Weinberg angle Ow by the mass ratio 

Mw 
cos Ow=-

Mz 
(2.13) 

Note that the Weinberg angle Ow is introduced for convenience only. It is not 
an independent parameter in either of the schemes. 
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As far as the renormalization of the "unphysical" (longitudinal gauge boson, 
unphysical Higgs, ghost) self energies is concerned, the above list of condi
tions is not complete. For our purpose of calculating radiative corrections to 
scattering processes between light fermions ( m~ « ~ ) , however, it is suf
fiCient to deal within the framework defined above. We have passed through 
the complete program but do not give the somewhat lengthy details at this 
place [12,18[. 

3. Comparison of Green functions 

Differences between Green functions calculated in both schemes can be 
traced back to two sources: 
(a) The values of parameters like W mass, mixing angle, or neutral couplings 
are different in both schemes. 
(b) The counterterms depend in their finite parts on the renormalization con
ditions. 
The imaginary parts of one-loop self energy- and vertex-functions are finite 
by themselves and consequently do not give any information about point (b). 
Therefore we shall discuss only real parts here. For the vector boson self 
energies, it is convenient to introduce the relative quantities 

II' = Re E:J.( k2) 
k2 

rrw = Re E!f(P) 
k2 ,..., 

Mfw) 

II'z = Re fj~Z (k2) 
k2 

rrz = Re E~(k2) 
k2- M?. z 

The main results can be summarized as follows: 

(3.1) 

- The photon self energies of the two schemes are nearly identical except of 
their different thresholds k2 = 4M2 resp. k2 = 4~ corresponding to the 
process 1 ..... w+w-. 
- The W-boson self energy corrections nw in the intermediate scheme are 
generally smaller than those in the on-shell scheme, with the exception of 
the region around the pole k2 = M", in which Illf81 is ill defined because of 
non vanishing radiative corrections Re Elf (M") i 0. For PETRA energies 
(40 GeV) we have (Mz = 93 GeV) 

nlfs, ""' { 
-0.006 

-0.007 
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MH = 10 GeV 

MH =300 GeV 

{ 
-0.070 

IIJfs2 ""' _ 0.078 
MH = 10 GeV 

MH = 300 GeV 

-The counterterms contributing toRe E~(k2 ) are proportional to (k2 -M1) 
in both schemes. Thus I1~ 81 differs from I1~82 mainly by a different renor
malization constant 8Zf. If we chose Mz = 93 GeV, we obtain 

Il~s1 - I1~ 82 ""0.07 - 0.08 

In particular for PETRA energies: 

{ 
+ 0.003 

Il~s1 ""' + 0.004 

{ 

-0.068 

II ~s2 "" _ 0.075 

MH = 10 GeV 

MH = 300 GeV 

MH = 10 GeV 

MH =300 GeV 

- In a similar way, the mixing energy corrections Ilk~ 1 and II:k_~2 are mainly 
distinguished by a constant around -0.05 . But now the one-loop corrections 
are larger in the intermediate scheme. For example, in the PETRA region: 

{ -0.052 ; MH = 10 GeV 
J1'1Z l'"'oJ 

RSl- -0.055 ; MH =300 GeV 

{ - 0.003 ; MH = 10 GeV 
n')'z I'V 

RS
2 

- - 2 10-· ; MH = 300 GeV 

Consider the neutral couplings 

I 1 - 2Qf sin2 0 
tJ I = ::,3~77--=~ 

2 sinO cosO 

If 
a =--• 1 2sin0cos0 

(3.2) 

of the Z-boson to fermions f. In case of !3 = -1/2 leptons, the numerator of"! 
is small and very sensitive to sin2 B. As a consequence, the difference between 
the mixing angles sin2 0 and sin2 Ow is sufficient to make (ve)Rsl nearly twice 
as large as (ve)Rs2. The axial vector couplings a, are not very different in 
both schemes. The differences in the vector couplings are essentially removed 
by the 1Z mixing energy, whereas the Z self energy leaves the ratio VJ fa! 
unchanged. 
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- Differences between the real one-loop parts of the renormalized gauge-boson 
fermion vertex functions calculated in our two schemes are smaller than 10-3 

in the range jk2 [ ~ (150 GeV)2 and are therefore of minor importance. 

4. Prediction of the W-mass 

From either of the schemes we obtain a prediction of the W-mass in 
terms of all other particle masses, the fine structure constant a and the muon 
lifetime. 

(i) Intermediate scheme: Consider the transverse part of the two-point (one
particle irreducible) Green function 

r!j (k2
) = k2

- M' + fi!i (k2
) ( 4.1) 

The mass Mw of the charged vector bosons is determined by the zero of r!zr. 
This means that the propagator [rlz\' (k2)]-1 has a pole at the physical mass 
k2 = Ma, required by the interpretation of the theory in terms of particles. It 
should be emphasized that the zero of equation (4.1) depends on the order of 

the radiative corrections collected in D!j. If we substitute (2.9) into equation 
(4.1) and take into account only parts up to the first order in a, we will find 

Mw =M+aMt (4.2) 

with 
1 ~w ,..., 

aM, = -
2
MRe ET (1vr) 

The results given by this formula are very close to those determined numeri· 
cally from (4.1). 

(ii) On-shell scheme: The renormalization condition (2.12) ensures that the 
parameter Mw has the meaning of the charged vector boson mass. It is 
related to a and the other masses via the p.- lifetime rp in one-loop order 
[16]: 

1 a2 ,..,-,--m--,!'~'-;:--..,.., (1 - 8 _m_~ ) { 1 + 2 _fiw_T _( o_) + 
38411' ( Mw sin Bw )4 m~ Ww Tp 

a 1 [6 7- 4 sin
2 

Bw 1 Ma,] a 25 2 } 
+ + n -- + -(- - ,. ) 

211' sin2 Bw 2 sin2 Bw ~ 2,. 4 
(4.3) 
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Replacing r~> by Gp with help of (2.7), we are able to evaluate Mw nu
merically from ( 4.3) and (2.13) as a function of the given input parameters 

e, Gp, Mz, MH, and {m,}. 

Table 1 shows the W-masses which will be predicted by the two renormal
ization schemes via (4.1) resp. (4.3) for a given Z and Higgs mass. The 
other masses are the same as in [16[. The deviations of both schemes amount 
between 10 and 50 MeV. Thus they are much smaller than those due to 
variation of Higgs mass within each scheme. For the present experimental 
average of Mz = 93.0 GeV the difference is even smaller than 10 MeV if 

MH ~ 300 GeV. 

5. Comparison of cross sections and forward-backward asymmetries 

We have calculated the virtual1-loop corrections to thee+ e- annihilation 

into muon pairs in both the intermediate and the on-shell scheme. To remove 
the infrared problem occured, bremsstrahlungs diagrams have been taken into 
account. The resulting inclusive cross section is free of infrared divergencies, 
but it depends on an energy cut t:.E IE and lor acollinearity cuts. We have 
used the soft photon approximation [19] and therefore t:.EIE = 0.1 will be 
reasonable. Beside the parameters used in [16], we have chosen the masses 

Mz =93 GeV MH = 100 GeV 

which imply the mixing angles and neutral current couplings given in Table 2. 
We shall discuss the renormalization scheme dependence of the cross section 
in three points: 

(i) PETRA energies: The differential cross sections calculated in RS1 and 
RS2 are in excellent agreement for center of mass energies ,j8 lower than 
60 GeV. Electromagnetic contributions depend crucially on the experimental 
cuts. For our t:.E IE, they are the dominant corrections to the Born approxi
mation. Within small deviations, they are the same in both schemes. The 
weak corrections to ( du I di1)Rst are vanishingly small. In the on-shell scheme, 
however, the Born term ex a~ is enhanced by the Z boson energy 

z)l -2 s-1-ReiT -~a~ 2cos9 s _ ~ ( RS2 

4s s I 
a

2 

2cos9Re -m2 +D~(s) RS2 4s s z 
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with rrz from (3.1). This is numerically very close to 

a2 a~ 2cose s -•Wz IRsl 4s 

Table 3 shows the forward-backward asymmetry 

{ dcose (~)- {. dcose (~) 
Apn(x)"" • (d ) 0 (d ) fa dcose d~ + /_, dcose d~ 

and the contributions of the various corrections (x=1, ,fS = 34.5 GeV). 

(5.1) 

(ii) Integrated cross section: In the energy range 40 GeV < ,fS < 140 GeV 
the integrated cross sections of RS1 and RS2, although different in lowest 
order, agree well after including weak and electromagnetic corrections. This 
holds especially on resonance Js = Mz, where the difference "Rsl- "R82 is 
smaller than 1 pb. 

(iii) Forward-backward asymmetry: The two forward-backward asymmetries 
A'Z1 and A'Z2 are plotted as functions of the center of mass energy Js in 
Fignre 1 (lowest order) and in Figure 2 (including 1-loop and bremsstrahlung• 
corrections). Obviously the agreement between both schemes is good outside 
the resonance region. Therefore we shall restrict ourselves to discuss only the 
resonance region, in particular the interval I: lft-Mzl < 10 GeV. In lowest 
order, Apn can approximately be divided into two components:1 

A Born x - x 2a2 Re(xo) + 4v2a2lxol2 
FB ( ) - 1 + !x2 1 + 2v2 Re(xo) + (v2 + a2)2lxol2 

--+ A~f{n(x)II ~ 1 /!x2 {' . -..o ~a2"'"' '" Re(xo) + 

4v
2

a
2 

} + ..... .., "'-"I 1., lxol2 (5.2) 

1 The reduced propagators xo are defined as 

• 
xo(..,)= &-Mj+iMzrz 

with the total widths rz = 2.82& GeV for RSl and rz = 2.563 GeV for RS2. 
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Their contributions to the difference of the asymmetries given in both schemes 
have the same sign below ,fS = Mz but opposite signs above. It turns out 
that the deviation of the RS 1 and RS2 curves shown in Figure 1 vanishes 
at the upper bound of I and rises smoothly up to maximum value as ,fS 
approaches the lower bound. 
The main effects of the weak radiative corrections may be understood in terms 
of the following formula 

ABorn+weakl ~ X X 
FB I- 1 + kz2 

X 

2 
2a2 Re(x) + 4v2a2(1- -Re rr~z)lxl2 

v 
4v 

1 + (v2 + a2)2(1- Re fi7Z)Ixl2 
v2 + a2 

in which the Z self energy is absorbed by correcting Xo to 

s 
x(s) = s- Wz + E~(•) 

(5.3) 

The dominating contribution to the antisymmetric Re(x) part comes from 
the Z self energy, while it is the 1Z mixing that governs the symmetric lxl 2 
part. Having in mind our comparison of Green functions, the on-resonance 
asymmetry gets large corrections from the 1Z mixing part in the intermediate 
scheme, whereas in the on-shell scheme the corrections to Ap B (Wz) are small. 
Because of its magnitude, the 1Z mixing energy, although yielding 

RSl--+ VRSl [ 1 - 2_ fi~z (Ae)] ~ VRS2 
tJe e Ve RS1 Z - e 

is not able to correct the powers of the neutral vector coupling v:'81 in (5.3) 
as good as expected. The seperate corrections of the on-resonance asymmetry 
are listed in Table 4. 
The big difference between the lowest order asymmetries A'Z1 and A'Z2 

is diminished by inclusion of the weak one-loop corrections, but still a non
negligible difference survives. Taking into account also two-loop contributions 
to Im r;z, the results are changed only very slightly ( < 0.01%). The separ
ation between the AF B values becomes even larger if the QED corrections are 
included: 
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-The Born resonance term 4v~a~ 2cosS lxl2 in the forward-backward asym
metry is proportional to the lowest order vector coupling v~, which gets very 
different values in both schemes. Thus the QED asymmetry corrections of 
order a 3 will show a clear renormalization scheme dependence. 
- Furthermore, the QED contributions also decrease the integrated cross sec
tion in the denominator of (5.1). All weak corrections to A~f{n will be in
creased by an amount involved in the value of the QED correction in Table 4. 

The size of our given value for the QED corrections was derived from the 
specific choice of AE/E = 0.1. For realistic experimental situations, however, 
other cuts needing also the complete hard bremsstrahlung part may be more 
appropiate. The quantitative results of such QED corrections will in general 
be different from our values. However, the qualitative result that they are 
influenced by the elektroweak renormalization scheme should show up also in 
other experimental situations. 

In conclusion, we have investigated the renormalization scheme dependence of 
one-loop electroweak corrections by means of two different schemes explicitly 
specified. We have found that the relation between Mw and Mz is practically 
the same in both schemes. Also the integrated cross section and the forward
backward asymmetry for e+ e- -+ p,+ p,- at PETRA energies are quantities 
which essentially do not depend on the choice of a specific scheme. For the 
forward-backward asymmetry around the Z, in particular the on-resonance 
asymmetry, however, strikingly different predictions are obtained according 
to the underlying renormalization scheme. In the intermediate scheme RS 1 
the Born value of Ap B ( APz) is so much larger than in RS2 that this difference 
is not succesfully removed by inclusion of the one-loop corrections. In order 
to get a finally satisfactory answer about the correct Aps value, next order 
calculations will become necessary. 
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Mz RS MH [GeV] 

(GeVJ 10 100 300 1000 

1 75.812 75.737 75.675 75.593 

88 2 75.787 75.715 75.654 75.575 

1 78.387 78.314 78.253 78.172 

90 2 78.374 78.306 78.248 78.171 

1 80.890 80.819 80.759 80.679 

92 2 80.887 80.821 80.764 80.690 

1 82.120 82.050 81.990 81.911 

93 2 82.120 82.055 81.999 81.926 

1 83.338 83.268 83.208 83.130 

94 2 83.340 83.276 83.221 83.148 

1 85.739 85.670 85.612 85.533 

96 2 85.746 85.684 85.630 85.558 

1 88.103 88.035 87.977 87.898 

98 2 88.114- - 88.052 87.999 87.929 

Table 1 The W boson mass Mw in GeV 
for given masses Mz, MH (RS : renormalization scheme) 

RS1 RS2 

W mass parameter M- 83.121 Mw- 82.055 

mixing angle sin' 00 - 0.2012 sin' Ow -0.2215 

vector coupling Ve = -0.1219 •• - -0.0686 

a.xial vector coupling a.= -0.6237 a.= -0.6059 

Table 2 Parameters belonging to the input data 
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-

A~Z· [%] An2J%J 
Born -9.271 -8.645 

photon self energy +0.0005 +0.0005 

(without fermion loops) 

Z self energy +0.034 -0.614 

'YZ mixing -0.003 -5 10-6 

vertex corrections +0.013 +0.012 

box diagrams -0.012 -0.010 

Born+ weak -9.238 -9.257 

QED +5.343 +5.201 

full -3.895 -4.056 

Table 3 The forward-backward asymmetry AFB 

for y8 = 34.5 GeV and [cos 9[ .$ 1.0 . 
The bremsstrahlung is included with 6.E .$ 0.1 Eb,am· 

A~z· J%1 A~Z2 [%] 

Born 10.565 3.772 

photon self energy -0.0001 -2 10 6 

(without fermion loops) 

Z self energy ±0.000 ±0.000 

1Z mixing -8.140 +0.244 

vertex corrections -0.494 -0.253 

box diagrams -0.087 -0.077 

Born+ weak 1.846 3.685 

QED -8.563 -2.894 

full -6.717 0.791 

Table 4 The forward-backward asymmetry AFB 

for y8 = 93.0 GeV and I cos ej .$ 1.0 . 
The bremsstrahlung is included with .6.E .$ 0.1 Eb<am. 
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Figure car:tions 

Figure 1: The forward-backward asymmetry to e+e--> I'+ I'- calculated in 

lowest order in the intermediate scheme (RS1) and the on-shell scheme (RS2). 

Figure f: The forward-backward asymmetry with full electroweak one-loop 

corrections in the schemes RS1 ( ) and RS2 (--- -). The photonic 

corrections belong to 6.E/E = 0.1 . "RS2(Born)" is the on-shell scheme 
asymmetry in Born approximation, known from Figure 1 and serving us as a 
reference curve(:---··-). 
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