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The CERN UA1 and UAZ2 collaborations have recently reported [1] that they made
the observations of weak boson candidates through the analysis of large transverse
momentum electrons and muons. The masses reported by UA1l and UA2 [1] are,

respectively,

My =8145GeV , 80 “60 GeV . (1)

After that, the UA1 and UA2 reported [2] that they found also the high mass dimuon
events which may come from the Z boson. The reported dimuon masses by UA1 and

UA2 [2] are, respectively,
My =052+25GeV |, 91.9+1.3+1.4GeV . (2)

Both of these are very similar with the predicted masses [3]. The data recorded at
the CERN SPS proton-antiproton collider show also that the topology as well as the
number of events fit well the hypothesis that these leptons with the large transverse
momentum are produced through the process pp — W(Z) + X and W™ — b, p(Z —
ﬂp) Here the estimate of the cross sections for pp — W(Z) + X has been given
theoretically [4] by using the Drell-Yan model [5].

The present authors would like to study the cross sections of the weak boson
production with the hadrons in electron—positron collisions from the Z-pole to the
threshold of region for W-pair productions.

There are several articles [6-8] in which the authors studied single weak boson
production in electron-positron scatterings in the Weinberg-Salam gauge theory [3].
However, in almost all of these studies, neither the angular and energy distributions
of the weak boson have been given, nor the contributions of all the Feynman diagrams
ifive been caleulated. It is clear that the trace of the gauge invariance disappears if

we neglect even one of the Feynman diagrams as will be discussed below. Neufeld [9]



has presented the extensive calculations of the single weak boson production with the
leptons in electronfposit;on scatterings. Then we would like to report on our studies of
the single weak boson production with the hadrons which seem to be complementary
to the studies published by Neufeld [9]. Here it is assumed that these cross sections
in the energy range discussed in this paper could be estimated by the cross sections
for the weak boson production with the free u,d and ¢, 8 massless quarks which are

hadronized with the probability one.

If the massless quarks are assumed, you may deduce that there is no difference

between et

e - Wt Dy p and ete™ — W™ ad, because u and d quarks are assigned
to the SU(2);, doublet as the neutrino and muon. You may understand, however, that
it seems to be too optimistic to deduce so, if you look at the U(1) quantum numbers, or
the electric charge of these particles. For example, the diagrams D1 and D2 in Fig. 1
lead to the amplitudes for these processes in the different way, although the diagrams
C1 and C2 lead to the same amplitude for these processes.

We have used the REDUCE [10] program for the trace calculations and the VEGAS
[11] program for the phase space integrations.* We have checked the results obtained
by Neufeld [9] and others [7,8], who used the SCHOONSHIP [12] program for the trace
calculation.

Defining go and g; as the SU(2);, coupling and U(1) coupling, respectively, and the

polarization vector €5 for the weak boson, we write the matrix element as follows:

M =i(g6?/V2) ¢5|dL DS+ d} D22+ el Cft + i} P4 L — R], (3)

1/ =1/g5 +1/g} . (4)

* VEGAS is employed by choosing 5000 random- points (NCALL=5000) and per-
forming 10 iterations (ITMX=10) in this paper.



Here, Di’s and C’I{’s are defined as

af ., _
Dt = T D“;Q( o+ Py’ [UL DWW + PeViUNIVLP)UL@Q),  (5)

af

Dy’ =y sz( g PRl OrelW + Py ViUV L (P)1UL(@),  (6)

(W + 2U + 2D)%g2P 4 awBgbe _ oy gfd

51 _
=D My W@ P -
X [ (D VL (O)V L (P)rsULQ))
02,2_ g?

= [(U + D)2 = M, + iMyTw|(W — P)?2 @®

X (O D)1V UL (P (P~ WhipUn(@)]
and D§’s, C§’s are defined similarly if we replace [oy (P)...ur(Q)] by [0g (P)...up(Q)],
where notations P,Q,W,U and D represent the momentum of initial positron and
electron, final weak boson u quark and d quark, respectively.
The coefficients dy's, dg's, ¢f’s and cp'’s are represented in Table I, where s =
(P + Q)2. These are obtained by dictating the Feynman diagrams D1, D2,C1 and C2
as shown in Fig. 1, respectively. As the reference, we list the d coefficients also for

*e~ — W* b, pu, where U and D should be regarded as the momentum

the process e
for the neutrino and muon. It is needless to say that there is no difference in the
coefficients ¢’s between our amplitude and the amplitude for ete™ — W+ i, p as we
discussed above, and we have to take account into the color degree of {freedoms for
the process ete™ — W™ itd when we estimate the cross sections for ete™ — Wt +
hadrons.

— Now we would like to give a comment on the gauge invariance. The gauge invari-

ance is broken spontaneously, however, it should be recovered at the high energy so



that the weak boson mass may be neglected. As a trace of the gauge invariance, we

can see

1 5,1 2 6,2 1 5,1 2 8,2
Ws [dL/R Drjp+dir Drjr+cijr Crir+cLr CL/R] =0, (9)

at M&,/ S — 0, if we shoot a glance at the coefficients in Table I.

Finally, the total cross section versus the center of mass energy is shown in Fig. 2.
Figure 3 represents the angular Oy distributions at several energies, where Oy is the
angle between the initial electron (positron) and the produced weak boson W~ (W),
The weak boson energy distributions are shown at several energies in Fig. 4. The

parameters used here are as follows:

My =800GeV |, Mz =0920GeV |, (10)
Tw=269GeV , T;=274GeV |, (11)
tan’fy = 120/400 . (12)

For the decay widths of W and Z bosons, we have used the following formula;

Tw =4n Gp M{y/(67V?2) , (13)

Tz = [1 — tan®0y (1 — 8sin®fy/3)] Ty /costy . (14)

Here n is the number of generations (n = 3),

Although our calculated cross sections are small as the previous authors [6-8] have
pointed out, we could refer some supports for our studies as follows: (1) We can assert
éafely that our cross sections are regarded as two times of the upper bounds for the

processes ete™ — WEgxT WxpF | | | as shown in the right titles of Fig. 2 and 3.



(2) Our result seems to be useful in ete™ collider experiments of the next generations.
(3) The recent works on the weak boson decays into the supersymmetric gauge particle
[13] seem to require more analysis on the weak boson pr&iuction processes.

We thank Professor M. Kobayashi for useful discussions. And one of the authors

(M.K.) would like to express his sincere thanks to Professor S. Drell for hospitality.
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Figure Captions
Feynman diagrams contributing to the process ete™ — W™ + hadrons.

ototat(eTe™ — W* + hadrons) versus center of mass energy, /3. The
upper bound of the total cross section for ete™ — WzT, Wt)¥F ig

shown in the right title.

do(ete™ — W=+ hadrons)/d(cosBy) at /s = 92, 125, 150, 200 GeV.
The upper bounds of the differential cross sections for ete™ — WxgT

W=pT are shown in the right title.

do(ete™ — W+ hadrons)/dEy at /s = 92, 125, 150, 200 Gev. Note
that the cross section at /s = 125 GeV is below 10~38¢m?2/GeV.
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