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ELECTROWEAK RADIATIVE CORRECTIONS IN SU(2) x U(1)

Wolfgang Hollik
II. Institut fiir Theoretische Physik, Universitit Hamburg
Luruper Chaussee 149, D-2000 Hamburg 50, F.R.G.

1. INTRODUCTION

In the electroweak Standard Model any observable guantity can in prin-
ciple be calculated to an arbltrary order of perturbation theory. For an
adequate anslysis of the high precision experiments at LEP and.SLC the inclu-
sion of radiative corrections (RC) becomes a necessity. The physical mot1vat10n
for studying RC are at least threefold:

-~ High precision:experiments can test the validity of RC and thus test the
Standard Model at the guantum level.

- Possible "new physics" will probably manifest as small deviations from the
Standard Model predictions which have therefore td be known with high accu-
racy.

~ TFrom a practical point of view,‘RC con be large, in particular the brems-
strahlung corrections around the Z resonance. Their treatment constitutes
the link between data taking and physics analysis. .

2. RENCORMALIZATION

Higher order calculations requlre the choice of a renormalization scheme
which defines the free parameters and their relation to experimental quantities.
In QED the preferred scheme is the on-shell scheme with the fine structure
constant o in Thomson scattering and the lepton masses as parameters. Its ex-
tension to SU(2) x U(1) leads to the electroweak on-shell scheme which makes
use of the independent parameters

a, MW! Mz! Mﬂv l‘l’lf (1)

The simplest way to define the mixing angle is in terms of the weak boson
masses: sin®Oy = 1-My®/Mz?. This scheme has been widely used in practical
applications (see e.g. refs. /1, 2/). The advantages are obvious: All para-
meters have an evident physical meaning and are {except My, mt) experimentally
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. '

3. THE Mw'++ M, <> sin®0, CORRELATION.

Employing the on-shell scheme the muon lifetime, expressed by the muon
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decay constant G,s can be calculated in terms of the parameter set (1):
-1
= 2 -_ 2 2 —
G, = ma/¥2 [m,2(1 M. 2 /M, 2) (1 Ar)] , , (2)

where Ar = Ar(a; Mz, My, My, my) summarizes the weak corrections of muon decay
/3, h/. (2) allows to replace My by the precisely measured Gy, or, equivalently,
to express ' .

ein?0 = 1M 2Z/M 2 = ain?

sin®0, = 1-M, M, sin @W(a, Gu’ My, My, mt) (3)
The reward of eq. (2} is twofeold:
{i1) . It is interesting by itself since it allows a comparison of the

My +* My +> s5in?0y correlation with the measured quantities.

(i1) It provides a value for My which can be used as input for numerical
calculations of other observables of interest.

The uncertainty from the unknown Higgs mass can be expressed in terms of the
total variation Asin?Qy = 0,0048 if My varies from 10 GeV to 1 TeV. It is
smaller then the present experimental error (Asin®Oylexp 2 0.005 from v
scattering.

The strong sensitivity of Ar on a large top quark mass my can be spplied to ob-
tatn an upper limit for mg from the My, My values and their experimental errors
(from /5/): mg < 185 GeV {10). The hadronic uncertainty of Ar as given in /6/
is. &(ar) = 0.0007. ‘

4. RADIATIVE CORRECTIONS IN HIGH ENERGY PROCESSES

e+e" > u+u“: O(a) corrections have been calculated by many authors /7 - 1L/
(for a review 'see also /15/) and are available as Monte Carlo generators {Lynn,
Kleiss, Stuart; Berends, Kleiss, Hollik). The most interesting measurable
quantities on the 7 peak are the forward-backward asymmetry

App = [0t < m/2) = o(e > w/2)]/ [ole < n/2) + o(6 > 7/2) ] ()
and the polarization or left-right asymmetry
Mg = [oler) = oleq)] / [oter) + olen) ] (5)

Both asymmetries can be utilized in two ways:

(1) as functions A(Mg, sin?@y, My, my ) in order to measure the value of
sin®Oy. The sensitiwvity of Arp to.sin?0y is significantly higher than
of App /13/" (see Figure 1). ‘

(ii) Replacing sin?0y by means of (3) yieldé a prediction A(M%, G,» my, my ).
It can be used to delimit the unknown parameters My, my (see Figure 2).

The QED corrections for Ajg are almost negligible /10/. The expected experimen-
tal uncertainty of AAjg = 0.003 and the weak corrections coming from the top
end the Higgs make it possible to narrow the allowed mass ranges significantly.
ete » e+e—: The O(a) full electroweak corrections /16/ have been calculated
and are available as a Monte Carlo generator (Berends, Kleiss, Hollik). Other
work done for Bhabha scattering is listed in /17/.
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e’e” » F'F~ with a heavy fermion F (top, heavy lepton): O(a) electrowesk
corrections with soft photon bremsstrahlung have been calculated in /18/.

e'e” > W'W is the process of prime importance at LEP 200. Earlier work of
the 0(a) RC /19/ need to be checked. A new calculation is being performed in
the on-shell parametrization (1) /20/. i

e -+ Zy has attracked interest as a means of 'v counting' via detection of
the vy and Z + vv. O(a) virtual and soft photon corrections can be found in /21/;

hard pbotons are treated via Monte Carlo in /22/.

Deep inelsstic ep scattering: For HERA energies the O(a) full electroweak RC
have been calculated for the neutral current process ep ~ eX(y) /23/. Their
implementation into a Monte Carlo generator is in progress. :

Higher order QED around the % resonance: Since the O(a)QED corrections are
large around the Z peak {typically - 40%) a careful study of the next order
contributions becomes necessary for prec131on experiments like measurements of
the mass and width of the Z boson. The main source for large negative correc-
tions is the initial state bremsstrahlung where both soft and hard photons lead
to a reduction of the peak cross section, roughly given by the -factor

1 - 2a/w 10g(MZ/FZ) log(MZ2/me2) ¥ 0.6,

A partial inclusion of multiple photon emission consists of exponentiation of
the infrared parts /8/ or of the leading log terms /24/. An exact treatment of
the 0{a?) initial state QED corrections to the integrated e*e” + p*u™ cross
section has been performed in /25/. This allows to study the .shift in the re-
sonance peak which is crucial for the Z mass measurement: the shift of + 184 MeV
from O{a) is reduced by - 88 MeV due to the O(a?) contributions. The remaining
uncertainty is estimated to be = 15 MeV /25/. A combination with the weak
corrections contributing also to the Z shape- 1s in progress /26/.

In general, the QED corrections to the e *e™ + u*p~ cross section and Afp
constitute an obstacle in the. physics analysis of high precision experiments
since they are sensitive to the detector acceptance, to cuts {accollinearity,
y energy, ...) and to hlgher order contributions. The on-resonance left-right
asymmetry Apg, however, is practically free of the SpGlelC QED problems. Its
high sensitivity to sin?0y makes it a unique tool to test the 1nternal struc-—
ture of the Standard Model and to loock for effects of "new physics", e.g. from
more Higgs doublets /27/ or from the supersymmetric version of the Standard
Model /28/.
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Fig. 1 sin2®w—~dependence of the

on-resonance forward-back-

vard asymmetry AFB and

left-right asymmetry

ALR . MZ = 93 GeV.

Fig. 2 Variation of the predictions for the
left-right asymmetry Are, and for mw, as a
function of m, and my, in comparison with the

expected experimental precision of Ay x and mw.

(ref. /2/)
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