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The cross section of e e annihilation in SU(3) X SU(2) XU (1) X U(1) modelis
calculated. The infrared and QCD corrections, which markedly affect the Born
cross section, are taken into account. The effects produced by the additional Z,
boson can already be seen at LEP energies.

The model with the gauge group SU(3) X SU(2) X U(1) X U(1) is now assumed
to be the most probable low-energy limit of the superstring theory. This model gives
rise to an additional Z, boson, which mixes with a standard Z, boson by means of the
mixing matrix

2 1 a Zo
where
i 22 i 2 2 2
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sin @, is the Weinberg angle, and x = (N }/(H ) and A = (H )/{H ) are the ratios of
the vacuum expectation values of the scalar components of the chiral superfields &V, H,
and H of the 27-plet of E,. As a result of diagonalization of (1), we obtain the physical
mass states Z, and Z,,

Zy = cosaZy + sinaZp ,
2)
Z, = —sinaZ, + cosaZy

with the masses
m? —re gy
mi = 3°(1 + bt/(b-1)? +4a?)
and with the coupling constants for the coupling with the fermions
1 - 0 : E
8 = cosagp + sinagy

(3)
gfzi = sinag}i + cosag?i .

Here (i=L, R:f=u, d, e, v..), and g7, and g7, are the coupling constants for the
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coupling of Z, and Z, respectively, with the fermion f. The quantities gf; are deter-
mined uniquely.’

In discussing e"e ™ annihilation into hadrons it is customary to use the quantity
R =c(ete  —hadr)/o(ete —»p*u~), where o(ete™ -u*u~) has the form®

dra? 142 242 (2
o ()= — 1+ B, ) 4)
gt 33 j=L,R X(s) Xafs)
Here
s—m?_+im T - 3T
X, = - w2 Lo Fl,z =EF(21,2+ff)+§~F(Zl,2_> )
' ] f 7
where

m?2 _’7‘
F(le—)ff) ——-——-‘—lzNég 2)2+(g;k2 )2+2gfL glf’ -A-l-'tz)\/l—— M2’
1,2
4m2v 3/2
~ f
P(Z fj?) FMl 2 N (g 2)2< _ )
f, —t
Ji)7 o J9m e M,
and N, is the number of colors of the width of the decay to a pair of fermions and their
superpartners, respectively. The cross section o for the reaction e"e™ —hadrons is
described by the equation

4ra? : ‘ g8 8582, |2
_ 4nc E E _ + tz e( + _ﬂ_ﬁL
LNPELY s (i,]' =L,R f=1 Qf Xi(s) Xafs)

_2 81i8ej &gy ", m 4m?
+ Z /3 + + 1 1 — —
i,j=L,R XI(S) Xz(S) §
(5)
2 52 2 2
. 3 2 g;Lg;i + Si8ei (_ 2, &R
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X,(s) l s s

Figure 1 shows the functional dependence R(s) for x =9, 6, 3 and 4 = 1/2, in agree-
ment with m, = 205, 394, and 593 GeV and I', = 2.2, 4.8, and 6.7 GeV; m, varies less
than 1 GeV. The maximum of R(s) near Z,, which is an order of magnitude larger
than the maximum near Z,, is shifted to the left by 10-15 GeV. A functional depen-
dence R(s) of this sort is determined by the destructive interference of the resonant
and nonresonant terms of the amplitude e*e™ —x 1. A more severe restriction on
the mass of Z, was found from the analysis of the data of the “Charm” collaboration®:
m, > 500-700 GeV. Figure 2 shows plots of the cross sections ay,,4,/0, and o+, /0y,
where 0, = 4ma®/3s, and also the R(s) curves for m, = 593 GeV. The calculations
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were carried out for three generations with m, = 40 GeV and m ; = 80 GeV. The mass
of the SU(2), singlet g quark is large. The resonances occurring at /s ~2m, were
disregarded in all equations. The deviations of the ¢,,, from the standard-model
predictions due to the Z,, of the boson amount to 5% and 38% at /s = 100 GeV and
m, =593 and 205 GeV and 5% and 30% at s = 180 GeV, respectively.
Calculation of the electroweak radiative corrections to these processes is a task
that should be undertaken separately. It is known,* however, that in the total cross
section the corrections associated with the emission of soft photons are large, while the
rest of the corrections are on the order of a/m~ 1073, These corrections are as fol-
lows.” If Egs. (5) and (6) are written near the resonance in the form

i
0 100 200 300 400 800 600 700 vs, GeV

FIG. 2. Cross section 1—0y,4,/00; 2—0,.,- /04; R(s)—dotted curve for m, =593 GeV, dot-dashed
curve—ay,,y, /0, with allowance for the corrections; dashed curve—o,,.,- /0, with allowance for the correc-
tions; sin’g,, =0.23, A=10"2 §=5x10"4
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0= 0, + Oir + 0, Where o, 0;,, and o, are the resonant, interference, and
nonresonant contributions, respectively, we will then have

- int
oM Clilefara Tes Cu?frn + Cmfn nr 7 (6)
where®
A
res  _ g, B
Cinfra = TS'A ‘A 6<1 - B. C0t5R5(S,A))’

is
R ..
1+ —e smrSR

. 1 i5 A 8
Cdixrxntfra = A% 5 Re el R( ) ) ’
COos 5
R 1+ 34 "R sind
mr

= APetBs _ M 2y s 2, 4
Gatra =47 7 tande = s "e‘w“("’“)' b = — Qi

me

are the resolutions with respect to the energies and angles, and

A-(s-M?)
mr

6(s,A) = arctan s — arctan (s — M?/MT)

is the radiation tail of the resonance. Allowance for the QCD corrections reduces to
the factor® [1+ a,(s)/m]. Figure 2 also shows 0y, /0, and 0,,+,,- /7, with allowance
for the corrections. For A = 1072 and § = 1° these corrections amount to 30-40%.
The infrared corrections, however, cancel out for R(s). In this sense, R(s) is stable
with respect to these corrections. In models with a different gauge group, .g.,” SU(3),
XSU(2), XSU(2)x XU(1), X (1), there is no maximum near Z, in R(s). These
topics will be further discussed in a comprehensive study.
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