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Abstract

Precision tests of the electroweak theory in future experiments at
the e¥ ¢~ colliders LEP and SLC are discussed at the ievel of radiative
corrections. The influence of the electroweak radiative corrections on
the theoretical predictions for the vector boson masses Mw, Mz, the
on-resonance ete” asymmetries, and for the Z resonance shape are
reviewed for the Standard Model and for its extension by a second
Higgs doublet.
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1 Introduction.

The structure of the electroweak Standard Model as a spontaneously broken gauge theory implies
that the theoretical prediction of any observable quantity can be calculated to an arbitrary order of
perturbation theory in terms of a given set of input parameters. For an adequate analysis of the high
precision experiments feasible at the eTe~ colliders LEP and SLC /1,2/ the inclusion of radiative
corrections becomes indispensible:

» High precision experiments can test the validity of radiative corrections and therefore test the
Standard Model at the quantum level. Their verification would be a milestone in establishing
the Standard Model as a quantized field theory.

¢ Possible “new physics” will probably manifest in terms of small deviations from the Standard
Model predictions which have therefore to be known with high accuracy. New heavy particles
may contribute through radiative corrections to the relations between the electroweak measurable
quantities,

* Radiative corrections can be large, in particular the bremsstrahlung corrections around the Z
resonance, Their proper treatment in the data analysis is of basic importance for testing the
non-QED part of the electroweak theory.

Electroweak processes between fermions can be described by essentially three parameters, e.g. the
SU(2) and U(1) coupling constants g, and gy, and v, the vacuum expectation value of the Higgs field.
Equivalently, another set can be used where every parameter represents a typical experiment at low
momentum transfer:

o the fine structure constant « = 1/137.03604, obtained from Thomson scattering;
o the Fermi constant G, = 1.16637 x 1075 GeV ~?, obtained from the g lifetime;
¢ the mixing angle sin” @y , obtained from neutrino scattering.

The relations between these quantities and the masses of the vector bosons My , Mz, as derived
from the minimal model in lowest order

1 — ME& /ME = sin’ Oy

M sin? 8y = ra/V2G,

are in general modified by the inclusion of radiative corrections, depending on the details of a chosen
renormalization scheme. This will be discussed in Section 2. Moreover, the determination of the
fermionic couplings to the Z
I} - 2Q sin’ Oy
vy =

2 sin By cos By

3

ay = ——If
2 s5in 8w cos Oy

from ete” data give experimental information in addition to a and G,. In Sections 3 and 4 we

discuss the response of the theoretical ete™ cross sections and asymmetries to the presence of radiative
corrections.



2 Parameters and renormalization.

The Standard model has a certain number of free parameters which are not fixed by the theory. The
definition of these parameters and their relation to measureable quantities is the duty of a renormal-
ization scheme, which completes the definition of the quantized theory.

The favoured renormalization scheme in QED is the on-shell scheme with the fermion masses my
and the fine structure constant (the on-shell e-e-y coupling) as input parameters. The most direct and
natural extension extension to the electroweak theory leads to the on-shell (0S) scheme of SU(2)x U(1)
/3-8/, which has been widely used for practical applications (see e.g ref’s /1,2/). Differences in the
treatment of field renormalization and in the unphysical sector should disappear in the final relations
between physical quantities. Here we follow the OS scheme as specified in /5/.

Starting point is the classical Lagrangian
Lo = Lo{W,B,g2.0:) + Lg(¢, 1°, A} + Lrc(¥r, ¥, W, B) + Lra (¥, ¥R 697) (2. 1)

Lg is the gauge part with the SU(2) and U(1) fields W and B and the corresponding gauge couplings
gz, ¢1: Ly is the Higgs part with the scalar doublet ¢ and the potential parameters u?, \; Lo
describes the fermion-gauge field interaction with left and right handed fermion fields %7 g, and Lpy
is the Higgs-fermion Yukawa term that induces the fermion masses.

In the fields and parameters of (2.1) the SU(2)xU(1) symmetry of L. is manifestly apparent.
The physical content, however, hecomes more transparent after switching to the “physical” fields and
parameters

Wi,Z,T;e,Miv,ﬂlz,mf. (2.2)

There is no room for sin? @y as an additional independent quantity. The simplest choice in terms

of (2.2) that makes the Z-¥ mixing in (2.1) vanish is

sin By =1~ ME /M2 (2.3)

which will be used throughout the forthcoming discussion.

Since it is convenient to work in a renormalizable gauge (t’"Hooft-Feynman gauge) the gauge fixing
term L, and the corresponding Fadeev-Popov ghost term L,y have to be added to L in order to
obtain the Lagrangian for the quantized theory. Multiplicative field and parameter renormalization
introduces renortnalization constants \/—Z-._i for each field multiplet and Z} for each free parameter in
the original manifest symmetric version. These renormalization constants are then determined by the
renormalization conditions.

The renormalization conditions give the parameters in (2.2) the physical meaning which we expect
them to have. The first class are the OS conditions for the 2-point functions which make the particle
content of the theory evident: '

=
n
fl

2 2 = 2
M f fk mf



The second class defines the electric charge in the Thomson limit and allows to recover the ordinary
QED as a sirnple substructure:

Yy o Z=O\’;N'k2=0=0

& (2.5)

RES(Mm*.—\NO-\M)=1, Res(o-—+—o+0—-b—o—)—o)=1

Y Y Y e,y e

The results can be summarized in terms of renormalized self energies £7 in the propagators (where
j=12Z,W)
1 1
— i
qZ—M}'+iMJ-I‘J- qz—Mf+EJ(q2) (2.6

the mixing energy £7Z(g?), and the vector and axialvector formfactors Fg.!’;(qz) for the Zff, +if and
WL vertices. A complete list can be found in /5/.

The advantages of the OS scheme are obvious:
o The input parameters have a clear physical meaning and can be measured directly.
e Except the Higgs and top mass My, m, all parameters are known.

¢ It has a natural separation into “QED corrections” (virtual and real bremsstrahlung) and infrared
finite “weak corrections”. This is of practical importance for the implementation into Monte
Carlo programs.

The W mass My is not known as precisely as to make the uncertainty in the radiative corrections
negligible (AMw = 100 MeV with LEP200). This drawback can easily be overcome by including the
OS radiative correction to the g lifetime in eq. (1.2) /3/:

TO 1
\fzcu 1 - Ar{a, My, Mz, Mg, m,) (2.7)

M (1 - My /M}) =

As done in /5,7/the non-QED correction Ar can be written in terms of the renormalized W self energy
W (which depends on all particle masses of the model) and the sum of vertex, box, and wave function
renormalization contributions:

=¥ (0 7~ 4sin’ Oy
VU N P ST L
Mg, 47 sin® Gy 2sin” Oy

log(cos? Oy )) (2.8)

The reward of (2.7} is twofold:

» It is interesting by itself since it allows a comparison of the My - Mz - sin® 8y correlation with
the experimental data.

s It provides a value for My (after specifying the other masses) as well as for sin® 8y, which can
be used as numerical input for the calculation of other observables of interest. These parameter
values are given in Table 1 for various Z, Higgs, and top masses.



The hadronic QED-type contribution to Ar can be evaluated with help of a dispersion integral
over the measured cross section for ete~ — hadrons /8/. The analysis of Jegerlehner /9/ leads to
the result (for 5 flavors, Mz = 93 GeV):

(5) _ ;
Ay opp = 0.0286 £ 0.0007

This value has been used as input for Table 1. Other recent determinations of Arp,g /10/ give a
larger error §{Ar) = 0.0013. A further source of uncertainty is the scheme dependence /11/ yielding
an additional §(Ar) = 0.0011.

The variation of sin® @y with My (from 1 GeV to 1 TeV) of 0.005 matches the present experimental
uncertainty of A sin®#fy = £0.005 from neutrino nucleon scattering The strong dependence on a large
top.mass can be utilized to derive an upper limit on m, from the experimental values of Ay, My
/12/: my < 185 GeV (1o). Including the information from neutral current neutrino data this limit
can be improved /13/ : my < 200 GeV at 90% confidence level,

Table 1: W mass and sin @y = sw from eq.(2.7). All masses in GeV.

MH=10 MH=100 MH=1000 GEV
Mz MT SHW MW SH M SH MK
ac. 50. .0.2629 78.31 0.2445 78.23 0.2677 78.06
3¢0. 100, 0.2376 78.59 0.239%2 78.50 0.2425 78.33
20. 150. 0.2316 78.89 0.2333 78.81 0.2366 78.63
90. -200. 0.2239 79.29 0.2256 79.20 0.2291 79.02
90. 230. 6.2181 79.58 0.2199 79.49 0.2235 79.31
91. 50. 0.2354 79.57 0.2370 79.49 0.2401 79.33
91. 100. 0.2301 79.85 0.2317 79.77 0.2349 79.60
91. 150, 0.2241 80.16 0.2257 80.07 0.2290 79.90
91. 200. 0.2164 80.56 0.2181 80.47 0.2215 g80.29
91 230. 0.2106 80.385 0.2123 80.76 0.2158 80.58
92. 50. 0.2283 80.82 0.2298 80.74 0.2329 80.58
9z2. 100. 0,2230 81.09 0.2246 21.01 0.2277 8§0.85
92. 150. 0.2170 8l1.41 D.2186 81.33 0.2218 81.16
92. 200. 0.2093 81.381 0.2109 gl.72 0.2143 81.55
g92. 230. 0.2035 82.11 0.2052 82.b2 0.2086 81.84
93. 50. 0.2216 82.05 0.2231 81.97 0.2261 31.81
923. 100. 0.2164 82.33 0.2179 82.25 0.2210 82.08
93. 150. 0.2103 82.65 0.2119 82.56 0.21%0 82.40
93. 200. 0.2025 83.05 0.2042 82.97 0.2075 82.79
93 230, 0.1967 83.35 0.1984 83.27 0.20138 83.09
94. 50. 0.2153 83.27 0.2167 83.19 0.2197 83.03
94. 100, 0.2101 83.55 0.2116 83.47 0.2166 83.30
94. 150, 0.2039 83.87 0.2055 83.79 0.2086 83.62
94, 200, 0.1962 84.28 0.1978 86.19 0.2010 86,02
94, 230, 0.1903 8G.58 0.1920 84.50 0.1953 84.32
95. 50. 0.2092 84.43 0.2107 84.490 0.2136 86.24
95. 100. 0.2041 84.75 0.2056 BG.67 0.2086 84.51
95. 150. 0.1979 85.08 0.1994 85.00 0.2025 864.84
95. 200. 0.1901 85.49 0.1917 85.41 0.1949 85.24
95. 230. 0.1842 85.80 0.1859 5.72 0.189%92 85.54



3 High energy eTe” processes.
3.1 ete s utu”

The two Born diagrams

ot 4 4 Z

yield the differential cross section in lowest order for polarized electron beams (P : degree of
longitudinal e~ polarization}

do o

i~ g(cu-PLapof) (3.1

with s = (pe_ + pe+)? and
0w = (14 202 Re(x) + (v + a2)*xI®} (1 + cos? ) + (2a2Re(x) + 4vfaf|x|2) 2cosf

Tpol = 20cac(Re(x) + (v + a2)x|)(1 + cos §) (3.2)
and
x = s/{s - M} 4+ iMzT3), f=g%(e,p").

The one-loop corrections to {3.1) can be classified in the following way:

¢ The QED corrections to the photon exchange graph. Also the QED part of the photon vacuum
polarization is included, although there is no common consensus on that,

» The QED corrections to the Z exchange graph (full QED corrections depicted in Figure 1)

s Weak corrections consisting of the propagator and vertex corrections mentioned in Section 2 and
box diagrams with ZZ and WW exchange.

The QED corrections /14-16/ include the emission of bremsstrahlung gquanta which have to be
integrated over their allowed phase space to give an inclusive 2-particle cross section:

dog d°o
= [ dk2dO,
dn, ] YT AN, d9, dkD

Adding to dop the virtual photon corrections yields an infrared finite result. Instead of the IR
singularity the details of the 4 phase space enter the result. Conventionally an acollinearity cut to the
outgoing utp~ momenta and/or an energy cut to the emitted photon is applied:

§ (17 1) < bmae, kS < AE

This type of corrections therefore depends on the details of the experiments and is conveniently treated
by Monte Carlo simulation /15/. The weak corrections /17-21/ are independent of experimental cuts;
they include the more subtle parts of the theory beyond the tree level.



rod b ¥
O
=0
(P

LXLT

Figure 1: Full QED corrections to ete™ —— ptp-

The observahles of particular interest for precision electroweak tests are the on-resonance (s = M2}

asymmetries:

- the forward-backward asymmetry
o.for _ aback

A =
FB = “or _ gback (3.3)

' do do
for _ back

gl = dit —, o = f dst —

j;m/z asn’ o572 dS

~ the left-right asymmetry (or polarization asymmetry)

with

0L — OR

ALR =
o+ 0OR

(3.4)

where ¢ r denotes the integrated cross sections with left and right handed electrons. In lowest order
the on-resonance asymmetries read:

Aon 23 4v2q?
B 4 (vi+ a?)?
2v.a
Arr T 5
v? 4 o

Another interesting quantity is the polarized forward-backward asymmetry in quark pair produc-

tion ete~ —— qq /22/

U.{,m _ o,iack _ (o.}{_;”' _ G%‘]Ck)

; (3.5)
(r}:a + a!}j"k + 0;{“ + a!}{“d‘

pal
App =

which allows a direct measurement of the final state coupling constants. In lowest order this asymmetry

reads on resonance:
Arel 3 veaq

FB = 5 v 4 a2
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Input paramelers
a, G, my = 92 GeY

1}
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0.1
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Figure 3 (from ref 2)

.2 2 .25

sin“0,,

Figure 2:
Dependence of the on-resonance asymmetries
on sin? fw

For given Mz both Arp and Apr depend on sin’@y as displayed in Figure 2. The particular
sensitivity of Azg to sin? fy will allow a measurement of this quantity with an error of 0.0004 if an
accuracy AAgp = 0.003 is achieved /23/ (from u, 7, quark final states together). Together with the
determination of Mz (AMz = 20 — 50 MeV /1,2/) and the relation sin? 6w - My, eq. (2.7), this will
provide the most stringent precision test of the electroweak theory.

Eliminating sin® @y by means of (2.7) leads to the prediction (for fixed Mz)

AJZ& G;u o — MW(Alﬂam!)a ALR(AJHsmt)

The curves for fixed m, (dashed lines) and for fixed Mg (full lines) are shown in Figure 3. The weak
corrections coming from the top and the Higgs, and the expected experimental errors make it possible
to delimit the allowed mass ranges significantly. Effects of new physics (heavy quark/lepton doublets,
SUSY sfermions,...) in the My —-Azr correlation have also been studied /24/; for their experimental
investigation, however, the knowledge of the top mass would become a necessity.



3.2 Bhabha scattering ete™ — ete”

The process of Bhabha scattering is of prime importance in ete™ collisions since it serves as a reference
process for luminosity measurements and for clean tests of the electroweak theory.

The full O(a) electroweak corrections consisting of the QED corrections (all graphs of Figure 1
also in the t-channel), s- and t-channel propagator and vertex corrections as outlined in Section 2, and
finite ZZ, WW box diagrams, have recently been calculated and put into a Monte Carlo generator
/25/ (see also /26/). Parts of the radiative corrections have also been discussed in earlier work /27/.

Figure 4 contains the integrated Bhabha cross section for both final e*,e~ within the designed
angular range (&n:n, 180° — 6,,;,) and no cuts applied to the radiated photon. The bulk of the
radiative corrections comes from QED. For small angles the continuum like structure of the corrections
(everywhere positive) dominates; at larger angles the typical resonance behaviour: large negative
corrections at the peak, large positive corrections (radiative tail) above, hecomes more and more
striking. The weak corrections at s = MZ are only 1 - 2% .

100 T T T T T T 10

Brmin = 5° emin =30°

1 L ! 1 | | 1 1 l L 1 1

3L so0 80 W 80 90 30 £ s0 80 70 80 90
E, (GeV) Ey [GeV)

Figure 4 : Integrated Bhabha cross section as function of Ey = /s/2 .
~ - - - lowest order
O(a) corrected



3.3 Higher order QED corrections around the Z resonance

Since the O(a) QED corrections are large around the Z peak (typically —40% ) a careful study of
the next order contributions becomnes necessary for precision experiments like measurements of the
mass and width of the Z boson. The main source for large negative corrections is the initial state
bremsstrahlung where both soft and hard photons lead to a reduction of the peak cross section: soft
photons because of the absence of the ideal elastic process, and hard photons because of the energy
loss in the resonance propagator. The reduction of the peak height is roughly given by the factor

2 M M2
1- =2 log(=2) log(—Z) = 0.6
T I‘z mg

A partial summation of multiple photon emission consists of exponentiation of the infrared parts
/14/ or of the leading log terms /28/:

2a . Mz M3 Mg\~ los(M3/m?)

( I'z )
An exact treatment of the O(a?) initial state QED corrections to the integrated e*e™ — putpu~
cross section has been performed in /29/. This allows to study the shift in the resonance peak which

is crucial for the Z mass measurement (Figure 5): the shift of +184 MeV from O(a) is reduced by -88
MeV due to the O(a?) contributions. The remaining uncertainty is estimated from

O(a?) ezponentiated — O(a?) non ezponentiated

to be 15 MeV,
20 T T T T T
1.
1.
©
0.
0 1 1 1 1 1
929 925 9390 935 9L 0 945 950
Vs (Gev)

Figure 5 : Total cross section for ete— — ptp~ (from ref 29).
----- Born approximation
————— = O(a) corrected
O(a?) corrected



A combination of this higher order initial state radiation with the weak corrections to the boson
propagators including next order contributions to the Z width /30, 31/ yields the theoretical prediction
for the resonance shape which has the accuracy required for measurements of the Z boson’s mass and
width. Some results from /30/ are listed in Table 2.

TABLE < : Maxima and half-maxima of the Z-resonmance shape in muon-pair

production for various values of Mﬂ and m, . NL=9ZGeV, us =0.12
m, M“ sigmax Ys(max) Vs(max/2,-) Vs(max/2,+)
(nb) (GeV) (GeV) (GeV)
40 100 1.39 92.094 90.713 93.774
60 100 1.47 92.094 90.755 93.723
90 10 1.48 92.095 90.754 93.726
90 100 1.48 92.095 90,753 93.728
90 1000 1.47 92.094 90.756 93.722
200 100 1.52 92,097 90.74}) 93.751

In general, the QED corrections to to et e~ processes constitute an obstacle in the physics analysis
of high precision experiments since they are sensitive to the detector acceptances, to cuts (acollinearity,
7 energy,... ), and to higher order contributions. Moreover, the present status of the higher order QED
corrections is not yet adequate for an accurate analysis of e.g. charge asymmetries in ete™ — ff.

The on-resonance left-right asymmetry, however, is practically free of the specific QED problems
because of its very small QED corrections /16,32/. The high sensitivity of Azg to sin? 8y makes it a
unique tool for testing the internal structure of the Standard Model and to search for effects of “new
physics” beyond the minimal model.

10



4 Radiative corrections with two Higgs doublets

4.1 General features of 2-doublet models

As an example for new physics effects in radiative corrections we consider the minimal extension of
the Standard Model, which has two Higgs doublets in SU{2)}xU(1) leaving the relation

Mﬁ,
p= YT RR Y 1
M3 cos? Oy

unchanged. The strongest motivation for extending the Higgs sector may come from supersymme-
try. But also non-supersymmetric arguments advocate two Higgs doublets, such as the Peccei-Quinn
mechanisin to solve the strong CP problem /33/, and the discussion of CP violation.

The vacuum expectation values v, vy of the complex doublets (7 = 1,2)
i ( 51 (2) \
T\ 4 ) +ixs(2))/ V2 )

induce the masses of the vectorbosons in the following way:

1 1
Mw = Zg2y/v] + 0}, Mz = 5\/93 + 9% v} + 3 (4.2)

3 of the eight degrees of freedoms of the doublet fields are absorbed in forming the longitudinal
polarization states of the W*_ Z, and 5 remain as physical particles: a pair of charged Higgs bosons
&%, two neutral scalars Hg, Hy, and a single neutral pseudoscalar H,. These physical states are
obtained by diagonalizing the mass matrix coming from: the Higgs potential:

¢! = fqﬁi* sin 3 + (,15;‘ cos 3

4.1)

Hy = —y1sinf3 + x3cos 3 (4.3a)
for the charged Higgs and the neutral pseudoscalar, and
Hy = nycosa+nsina
Hy = —msina 4+ nycos @ (4.3b)
for the 2 neutral scalars. The mixing angle 3 is determined by the vy, v, :
tan 3 = v; /vy (4.4)

whereas « depends on all parameters of the Higgs potential.

In a non-SUSY 2-Higgs model the angles a,3 and all the physical masses Mo, M; M; M, are
independent parameters. In the minimal supersyminetric model these quantities are severely constraint
/357

M2, = Miy + M}

1
M, = (M;’;, = M2+ \JIME  M2)? — 4 MEM cos? 2;3) (4.5)
MZ+ M3
M- M2
In such a model one of the neutral scalars is always lighter than the Z, whereas M4+ > M. From
present €7 ¢~ experiments an experimental lower bound M. > 18 GeV was derived /36/.

tan(2a} = tan(243)

If the masses of the Higgs bosons are of the weak boson mass scale or heavier there is little chance
to produce them directly in the et e~ colliders of the next future. Indirect effects, however, mayv be
present in the radiative corrections to the Afy--Af; correlation and in ete~ — ff around the Z
resonance.

11
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4.2 The vector boson masses

For the calculation of radiative corrections to fermionic processes we need as additional input param-
eters only the Higgs masses and the mixing angles a, . The renormalization can be performed in the
0OS scheme in analogy to the strategy in the minimal model based on the renormalization conditions
(2.4) and (2,5). For details see ref. 38.

Application to the u lifetime yields the analogous relation between M and My /37,38/

T 1
M3 A1 — ME /M2 = - (4.6)
V2G, 1 - (Ar + AF)

where the minimal radiative correction Ar is augmented by the non-standard term
Af(()‘, A'I'W'} JMZ, ﬂi{Oa My, A{% Md5+; o — 6”

A7 depends on the two mixing angles only in the combination [a — 31 as long as vy and v; do not
differ by several orders of magnitude.

For general mixing in the neutral scalar sector neither Hy nor Hy can be identified with the
“standard” Higgs. Thus, if one of them (say Hyp) is included in the standard Ar it has to he subtracted
in AF,

The numerical solution of (4.7) for the standard situation with Ar{a, Mw, Mz. My = M), and
for the 2-doublet case with

Ar + AF(a, My, Mz, Mo, My, My, M4, ()

vields the value for My after specifying Mz and the Higgs mass(es) and ¢ = ja — 3|. The differences
are depicted in Figure 6 as functions of the charged Higgs mass {which is assumed to be larger than
My ) for various sets of the neutral scalar/pseudoscalar masses Mg ;. The shaded area corresponds to
the variation of ¢ between 0 and 7 /2. In the case a the result is independent of (.

T T | I | [ 1 T

B AMy(Gev)

Figure 6:

Additional Higgs contributions to AMy-.
Mz = 93 GeV, My = Mz.

a) My = M, = Mz

{ b) M, = 10 GeV, M, = Mz

i

| }
100 200 300

12



From present M measurements with AMy = 1.5 GeV no restrictive bound on the mass splitting
between the neutral and charged scalar sector can be derived. An accuracy of AMy = 100 MeV, as
expected from LEP 200, can restrict M+ < 200 GeV if the neutral Higgs masses are < M.

In the supersymmetric Higgs model the constraints (4.5) forbid large neutral-charged mass split-
tings. As a consequence, the deviations from the minimal model remain smaller than the experimental
uncertainty in My .

4.3 Asymmetries in ete™ — ptp”

In analogy to section 3.1 we calculate the O{a) corrected on-resonance asymmetries Arp, eq. (3.3),
and Agpg, eq. (3.4), in the following way:

For given {, Mz and Higgs masses the corresponding value for My resp. sin? @y is derived from
(4.6). This value is used as input for the calculation of App and Argr. Then the Standard Model
result (with My = Mp) is subtracted yielding the non-standard contributions. These are displayed in
Figure 7 for the same set of parameters as in Figure 6. The shaded area indicates the variation with
the mixing angle { in the neutral Higgs sector.

The left-right asymmetry shows the best sensitivity to mass splittings. An experimental accuracy
of AArr = £0.003 can restrict the mass of the charged Higgs boson to Mg+ < 160 GeV if My, M, are
of the order of the Z mass. The unpolarized forward-backward asymmetry is somewhat less restrictive:
from an experimental AApp = +.002 a constraint on the charged Higgs mass of M4+ < 200 GeV can

be obtained. This bound is comparable with that from a W mass measurement with a precision of
AMw = £100 MeV (see Figure 6).

Again, for the SUSY Higgs model with the restrictions (4.5), the absence of large mass splittings
keeps the deviations from the minimal model below the experimental sensitivity.

10 T T T T
| AA Rx100%

Figure 7a:

Additional Higgs Contributions to
App on-resonance

Same parameters as in Figure 6.

] 1 { !
100 200 300 400 500
M¢ + (GEV)
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20 I T T L
| AApgx100%

Figure 7h :

Additional Higgs Contributions to
AfFp on-resonance

Same parameters as in Figure 6.

! | ! I
100 200 300 400 500
Mg+ (GeV)

5 Summary

Experiments at the ¢eTe™ colliders LEP and SLC will determine the mass of the Z hoson and the on-
resonance asyinauetries App and App with high accuracy. In connection with the preciselv measured g
decay constant G, these experimnents provide precision tests of the Standard Model after the radiative
corrections have been taken into account carefully. The largest part of the radiative corrections
are in general the QED corrections, which demand a treatment beyond the one-loop level. For the
determination of the Z resonance shape (measurements of mass and width} and for the left-right
asymuntetry these corrections are under control.

Uncertainties in the radiative corrections come from the uncertainty in the hadronic contribution
to the vacuuimn polarization and from the unknown Higgs and top mass. The error in the theoretical
predictions induced by the hadronic uncertainty matches the experimental error of the future experi-
ments. The precise measurement of Az, M and App will restrict the allowed range of the unknown
parameters Mg, m, in the minimal model significantly.

Effects from a second Higgs doublet with large mass splitting between the charged and neutral
Higgs hosons are of similar signature as the effects from a heavy top quark. In order to reveal possible
signals of new physics beyond the Standard Model the knowledge of the top mass becomes a necessity.
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