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We present the results of an accurate investigation of the electromagnetic and weak radiative corrections to Bhabha scat-
tering at PETRA/PEP energies and around the Z0 in the electroweak standard model. Using the on shell renormalization
scheme with the electric charge and the boson and fermion masses as renormalized parameters we find that the photonic
corrections to the y and Z® exchange contributions are the most important ones at PETRA energies, on resonance, and in
the radiative tail region above the Z°. The dominating weak correction is the Z° self energy which gives visible effects

around the resonance.

The discovery of the W* and Z0 bosons at the
CERN collider [1] appears to confirm the Glashow—
Salam—Weinberg (GSW) model [2] of the electroweak
interaction. Combining the pp results with the ete™
experiments at PETRA and PEP [3], and in the near
future at LEP/SLC, provides powerful tests of the
electroweak structure. The purely leptonic ete ™
experiments [3] have meanwhile reached an accuracy
that requires the inclusion of higher order contribu-
tions for an adequate theoretical discussion.

In ref. [4] we have calculated the one-loop correc-
tions to the ete ™ - utu™ forward—backward asym-
metry, based on the on-shell renormalization scheme
presented in ref. [5] with the electric charge and par-
ticle masses as renormalized physical parameters. We
found that both the QED corrections to Z0 exchange
and the weak corrections give significant contributions
to Agg.

The more complicated process of elastic ete ™ scat-
tering offers the possibility to determine the weak
coupling constants of the electron without assump-
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tions about weak universality. But also from another
actual point of view Bhabha scattering has recently
received high interest: The scenario, where fermions
and W*, Z0 bosons are composite [6] with interactions
that mimic the GSW model on the tree level for £ <
300 GeV, allows to interpret the recently discovered
two

20 »etey, (1)

decays [1] with a hard photon in the final state via
20 — Xy~ e*e vy [7]. Bhabha scattering at PETRA
turns out to be sensitive to such a spin-0 particle X
with mass well above 45 GeV [8,9]. As shown in ref.
[8] the y(£)—-X(s) interference causes deviations from
QED in the angular distribution of ete ™ - e*e™ with
the opposite sign as the GSW prediction. The Z0 and
X contributions with My 2 50 GeV would nearly
cancel each other such that the net deviation from
QED tends to zero. Since, however, an interpretation
of the events (1) as statistical fluctuations is not ruled
out, the GSW predictions for Bhabha scattering be-
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yond the tree level have to be known more urgently
than ever. Otherwise it could happen that deviations
from the naive GSW expectations, which are due to
the standard model radiative corrections, would be in-
terpreted as effects coming from extra particles.

In this paper we have calculated the electroweak
one-loop corrections to ete™ — e*e™ within the re-
normalization scheme presented inref. [5] forPETRA
energies and around the Z0. The first calculation of
these corrections by Consoli [10] does not include
hadronic contributions to the diagonal and non-
diagonal boson self energies and effects coming from
mass renormalization of the vector bosons. The pure
QED corrections to s- and f-channel y exchange with
hard photons can be found in ref. [11] and with
polarized beams in ref. [12]. The finite width effects
of the electromagnetic corrections around the Z0
have been discussed by Consoli et al. [13] and the full
virtual photonic one-loop corrections also to Z0 ex-
changesin the s- and ¢-channel by Sommer et al. [14].

The differential cross section for Bhabha scattering
to lowest order in the standard model contains the
contributions of the photonic s- and #-channel ex-
change giving the Coulomb peak in the forward direc-
tion, the yZ interference terms and the pure Z-ex-
change contributions. The yZ and ZZ s-channel terms
show resonance behaviour for s = M%. Fors> mg
and with = —s/2(1 — ¢), ¢ = cos 8, the cross section
can be written in the form:

(452/a?)doBom/dQ = T3y +2ReTYY + T3
VA Z Z yA
+2Re Tg,g + 2Re Tgﬂ+ 2Re TO}t+ 2ReTg,t
yHA ZZ ZZ

+ To,g + 2Re TO,st + TO,t s )
with
7Y = (FI(1+c2) + G- 2el x*(6)/(s),
TH = —~(F + G [(1+ )21 - )X ™ (@),
T8, =2{F7[(1+c)2 +4])(1 —c)?

+GI[(1+6)2~ 41/ =B X * 0¥/, (3)

where F, G are composed from the coupling con-
stants of @ withvY = 1,47 =0,vZ = (4s‘2,V — D)f4syew,
aZ=—1/4sycy, ey =My /My = (1 —s§)1/2 in the
following way:

Fi=@ +a'd)?, GU=(ld +atv/)?. )
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The reduced propagators xi(s):

x(=1, x*(s) =s/s - M), (5)
contain the complex mass of the Z boson: Mm? =M%
—iMzIy.

The radiatively corrected Bhabha cross section can
be classified in the following way:

— photonic virtual and real corrections to the y-
exchange diagrams only (reduced QED corrections)
[11],

— photonic virtual and real corrections to the y-
and Z-exchange diagrams (full QED corrections) [14],

— all one-loop diagrams of the standard model for
Bhabha scattering plus real bremsstrahlung (complete
one-loop corrections).

In this paper we are especially interested in the
purely weak radiative corrections which extend the
full QED corrections to the complete electroweak
one-loop corrections. They get contributions from
the gauge field part of the photon self energy, the yZ-
mixing energy, the Z-boson self energy, the weak
vertex corrections and the weak box diagrams con-
taining two W- or Z-boson lines. We have calculated
them [15] using the renormalization scheme {5] with
e, My, Mz, My, my as physical parameters and having
ordinary QED as simple substructure.

In table 1 we give a detailed list of these contribu-
tions for PETRA/PEP energies, around the Z-reso-
nance and at 110 GeV for 90° scattering angle. The
results for 44 GeV are normalized to the pure one-
loop electromagnetic cross section, the others to the
Born cross section (2). We use as parameters My, =
82 GeV, My =932 GeV,My; = 100 GeV, the quark
masses of ref. [16]. The bremsstrahlung is calculated
with AE/E = 0.1 corresponding roughly to an acol-
linearity cut of 6°—7°. Hard photon effects are
respected in the resonance parts. They produce the
radiative tail above the resonance as the main effect.
The table shows (at 90°) that the complete QED cor-
rections are very important whereas the purely weak
corrections are small at PETRA—PEP energies *!, but
have sensible effects around and above the Z-resonance.
The main contribution in the energy range considered
comes from the Z self energy and the weak vertex
corrections.

*1 Thisis different from the e*e ~— p*u~ asymmetry, where
the purely weak corrections are of the same order as the
QED corrections to Z° and interference parts [4].
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Percentage corrections to Bhabha scattering at 90° normalized to pure QED (44 GeV) and to the electroweak Born cross section

(92.0 - 110.0 GeV).

Corrections Vs (GeV)
44.0
reduced QED -3.66
full QED 0.79
Z self energy —~0.13
v self energy ~0.01
vZ mixing 0.00
vertex corrections -0.01
box diagrams 0.02
total weak -0.14

92.0 932 94.5 110.0
~1.86 115 1.86 _33.98
~36.36 3461 _12.02 13.03
464 ~0.05 429 ~0.98
0.00 0.00 0.00 0.04 o
0.10 0.13 0.19 0.05 Wej‘;‘”‘e‘"‘i‘f‘;;vse
045 —0.54 ~0.77 ~0.12
0.15 0.16 0.20 0.06
4.44 ~0.30 3.91 ~1.03

The differential cross section normalized to the
QED cross section for 44 GeV is shown in fig. 1. As

expected we find no correction in the forward direc-

tion but sensible corrections around 90° and in the
backward direction. The cross section is decreased
(90°)/increased (180°) by the weak Born contribu-

tions. The complete QED corrections diminish this
effect, whereas the purely weak corrections enlarge it.
The amount of the purely weak corrections is about
1/6 of the amount of the photonic corrections to the
Z-exchange.
In fig. 2 are plotted the Bhabha cross sections
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Fig. 1. Differential cross section for Bhabha scattering (/s =44 GeV) normalized to the pure, radiatively corrected QED cross
section including photonic corrections to deYY only (long dashed lines), complete photonic corrections (short dashed lines) and

the complete electroweak corrections (AE/E = 0.1) (solid lines).

416



Volume 144B, number 5,6

PHYSICS LETTERS

6 September 1984

1.1 T T 1 T T T T T =
do
doBorn
1.0 PN —-J
AN =
7/ N 78 = 94.5 gey
N
/ ~
/ N
0.9+ i \\ &
y ~
/ R —
s/ T
]
N
™ Vs = 93.2 Gev
N ;
PN
N
0.7 S N
~
~
Vs = 92.0 GeV S~ -
0.6 \~~~—_—____“*“‘~—-
1 ! ! 1 ] | ! 1
20 40 60 80 100 120 140 160

Fig. 2. The differential Bhabha cross section around 93 GeV normalized to the electroweak Born cross section including full QED
corrections (dashed lines) and the complete electroweak corrections (solid lines).

around the Z mass. Since they are dominated by the
s-channel Z-exchange mechanism we have divided by
(dg/d2)Bom eq. (2). We find large effects from ra-
diative corrections. The Coulomb peak in the forward
direction is reduced by 17%. The scattering at bigger
angles gets strongly energy dependent corrections,
most of them are photonic but also the purely weak
corrections reach levels up to 10%. They are dominated
again by the Z self energy and consequently are small
on top of the resonance (leaving mainly the vertex
corrections, —0.3% at 90°) but significant e.g. at 92.0
and 94.5 GeV. Therefore their consideration is impor-
tant when investigating the Z peak in Bhabha scatter-
ing in order to decide the question whether the GSW
model or extended or subconstituent models are in
agreement with the experimental data.
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