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- It is shown that the weak amplitude must also be radiatively cor-
rected for a satisfactory analysis of the neutral current in ete- —»
—& utu~ . Radiative asymmetry can be of possible help in isolating
the weak effect provided the symmetric cross-section can be measu
red to 2 1% accuracy at PEP/PETRA energies.
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Various proposals ' have been made to study the neutral weak

-+

effects in the colliding beam process e" e~ —% u""pb' . For machines

presently under construction (PETRA and PEP), the energy per
beam E is in the range 15-20 GeV. Since in the Wei.nberg-lsalam(z)
model the mass of the Z°-meson is supposed to be in the vicinity
of 80-100 GeV, investigation has mainly focused upon the asymmetry
caused by the weak-EM interference. The expected effect is, how-
ever, masked by the radiative asymmetry which is opposite in sign
and depends crucially upon the energy resolution (4w) of the muons.
This poses contradictory demands. Onthe one hand, we- would like
to reduce the radiative asymmetry and thus keep -%@— as large as
possible. But then hard photon co:r'r'ec:tions(B" 4), dbout which there
is much calculational uncertainty, become important. On the other
hand, for the soft photon :(r‘-e)gion ( A-ch—o « 1) where we have very accu
5 D

rate theoretical formulae °, the weak effect becomes relatively ~

smaller.

Due to the above reasons, we would like to present an alternative
way which uses the radiative corrections to our advantage. The me-

2-- ]0" Q‘)),

thod envisages a rather accurate experiment, AEQ)— ~(10°
for which the well known radiative correction factor enhances the
EM-weak interference in the symmetric cross-section. The role of
radiative asymmetry is reversed between the symmetric and the an-
tisymmetric parts of the cross-section: whereas in thelatter it enhan
ces the purely EM term at the expense of the interference, in thefor
mer it is just the opposite (see Egs. (9) below). Our method should be

particularly useful if, as all experiments done so far seem to indica-

te, sinng: 0. 25 so that the (e - u) neutral current is almost purely

axial,



Without radiative corrections, the differential cross-section in

the Weinberg-Salam model is given by

do, _ 2, 1 2 s 2 2
e = e - - - - N -+ b
(dﬂ Ty l[l 3 (StanOW cot QW) 5 ] (1+cos” 0-P. P sin“ 0 cos 2¢)
M, -s
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where P are the transverse polarizations of the ei- beam, In the abo-
ve, only the EM and the EM-weak interference terms have been kept.
For simplicity, in the following we shall assume that the Weinberg
angle 9W==30°, which is consistent with recent experiments(e). This

leads to Mz ~ 87 GeV,

Using the soft photon formalism, which should be accurate for
- -3
%9—2(10 2- 10 ), the radiatively corrected symmetric cross-sect-

(5,7)

ion becomes

do _ 1
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and we have linearized the Bjm dependence.
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INT '
The finite antisymmetric correction C has not been calculated
QED

=1

completely, but it is expected to be of the order of C z X(0)of re
ference (7). In any case, this contribution, belng'mdependent ‘of .ﬂe
as well as of —4]5(”—, should be quite small (£ 10%) compared to

2 Bin’c ln(—%a—)—'). Henceforth, C:S:; will be ignored.

As can be seen from Eq. (2), the weak effect is substantially enhan
ced by the factor v (0,4w) = 8“ In(tan 2) In - L}E(f’ leading us to suggest
very accurate experiments mnear the forward direction. Notice that
both the requirements of good collinearity and very forward scat-
tering are opposite to those required for cleaner asymmetry
measureiment,

We now present specific results for three cases:
1) maximum transverse polarization, i.e. P = P.=,924and $=0.

, A -3 .
The 0-integrated cross-section for A;,&= 10  is given by

)Be+'%‘(1 53)[1-0 11(—E ):I (4)
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For #s = 30 GeV, this gives a (-1, 5%) effect and a (-3%) effect at
A& = 40 GeV.

2) No polarization, i, e. P,=P_.=0. Then

el BB,
de ~ w_ . 2
(Toosd Joym™ (T35 (1*8 Bu)( =) T 2

32(1 VA ] A‘w
[ - ( )\ ) In (tan "') ln(-——_.)]
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where z = cos 0,



We define
32 Z ‘ 9 . :
A(6) = =2y (—2—) In(tan 5) In(42) (6)
To142® M- |
z — ay
and evaluate it as a function of 0, For 4/s 30 GeV, —EQHO , 4(9)

becomes 5. 5%, 3.6% and 1, 5% for =190, 50 and 30° respectively. At
A/—Q = 40 GeV the effect is doubled, This clearly shows that beam pi-
pe experiments, which measure essentially forward muons, are best

suited for investigating this effect.

2) If we integrate over 0 as well as ¢, we get for the radiatively correc-

ted cross-section (for 4—;6-0-— = 11)-3)
_ B+g

~ e . Aw Be' 7 V
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This produces (-0. 9%) and (-1. %) effects at 4/ s = 30 GeV and 40GeV

respectively.

Now we compare briefly the type of measurement we propose (e. g.
A(8)) with the usual one of charge asymmetry A. The radiatively correc-

(5,7)

ted anti-symmetric cross-section is given by

_do. _do_ y  _do
a0 'asy” 2 . dQ (Q’@"’ ag (- O @Jl
a2 , Aw 'Be‘ﬂ,u 2 . 2. : , QED |
= (S22 ) (1+cos 0-Pyr Psin Qcodei)[:'b.(O,Aw)(1+C )+
4s E , syin
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where Xpo_l((), &) is defined in reférence (7).



Under the same approximations, the ¢ -integrated charge asym-

do do |
_— 1d A4(0) a iven by
dcosO)asy dcosg)sym an ) are given by

metry A(0) = (

A(0) ~ 7(8,4w) - ——— B + X (0) (9a)
1+z

A(0) & ¢(0,40) —2— B, (9b)
1+z

where B=§- -
M -s
Z

and X(Q)==Xp01(0‘, b =g/4),

The above formulaeexhibit succinctly the problem associated with
the asymmetry measurement: a large back-ground subtraction due to
the EM asymmetry has to be made. On the contrary 4(0), being pro-
portional to the weak effect, gives us the desired result directly. No-
tice that, in the very forward direction, A(0) and A(Q)—AEM( 0) are
roughly of the same order of magnitude, i.e. a few percent. Thus, a
simultaneous determination of A(0) and A (6) under the same experi-

mental conditions should provide a better knowledge of the weak effect.

A more complete analysis, valid also at higher energies, is under

preparation and shall be presented alsewhere.

We would like to thank Drs. P. Giromini and M, Piccolo for kindly

providing us with informations about the experimental proposals.
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