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We discuss the energy spectrum and angular distributions of Z°-production in the process e~ + P — ¢~ + Z° 4+ X in the context of the
standard model SU(3)e @ SU (2)@ U(1) of the strong and electroweak interactions at LEP/LHC energies. We find that these distributions
are strongly peaked, which means that the Z% bosons will be mainly produced in a small, well determined region of phase space.
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Discutimos el espectro de energia y las distribuciones angulares de la produccion de Z” enel procesoe ™ + P — ¢~ + Z° + X en el contexto
del modelo estandard SU(3)e@ SU (2)r® U(1) de interacciones electro débiles y fuertes en las energias LEP/LHC. Se encuentra que esas
distribuciones son muy picudas, lo que significa que los bosones Z° serdn producidos en una regién pequefia pero bien definida del espacio

fase.

Descriptores: Produccion de bosones, colisiones ep

PACS: 14.70.Hp; 13.60.Hb; 13.85.Qk .

1. Introduction

LEP/LHC will provide us with the possibility to observe ep-
collisions with a maximal energy E™** = 60 GeV of the
electron and E*** = 7 TeV of the proton [1]. Even that at
LEP I has been already measured with high precision most of
the Z° boson properties, one of the interesting experiments at
LEP/LHC will be electroproduction of weak bosons because
that would be a way to test the different parton distribution
functions which exist in the literature. In the case of the neu-
tral gauge boson Z°, its decays (o lepton pairs will provide a
clear signal of its production. Neutral bosons can be produced
through neutral current and charged current interactions. The
production rate for neutral current processes is bigger than
that for charged current processes, because in the latter case
photon-exchange diagrams do not contribute in the lowest or-
der of . Moreover the production of a Z" in ep-scattering in
the case of the neutral current process with an electron in the
final state is easier to detect than that in the charged current
process with a neutrino in the final state. Therefore we dis-
cuss in this work Z"-production in the deep inelastic process

e dp—se +7V4+ X, (n

using the standard model SU(3)c@ SU2)r® U(1) of the
strong and electroweak interactions [2] and the parton
model [3] with the parton distribution functions of J. Botts
et al. [4], which take into account scaling violations and the
charm contribution. We will take Mzo = 91.2 GeV for the
mass of the Z°-bosons and sin? Ay = 0.223 for the elec-
troweak mixing angle.

In the lowest order in « two types of reaction mech-
anisms will contribute: Z%-production at the leptonic and

hadronic vertex. A first estimation of the Z"-production rates
was given by Llewelyn-Smith and Wiik and 1977 [5]. Other
author have reported also calculations for this process [6-8].

In this paper our aim is to discuss the energy Ey and an-
eular distribution €, ¢, for given = and y, i.e. for given en-
ergy and polar angle of the scattered electron [9]. Hence we
write down explicitly the kinematical limits for the produc-
tion angle @, of the boson Z":

2By — E;.
—1 < cosby < M, (2)
\/Eﬁ - j'l-'f/:);
and use it o introduce a parameter r, defined as follows:
1+ cosfy,
3

r = 5
14 (2By — Ey)//E? — M}

The differential cross section de“? for (1) is calculated in
the parton model from the cross section dag®? of the parton
subprocess ¢~ + ¢ — e~ + ¢ + Z" and the parton distribu-
tion functions f,(2', %), which are the probabilities to find
a parton ¢ with the fraction z' of the nucleon momentum:
g# = ;;:’pjf in a scattering process with momentum transfer
square Q2.

We discuss in another work the dependence of the dif-
ferential cross section on the dimensionless variables 2 and
y with the aim to compare the production from the leptonic
vertex and the hadronic vertex [10].

We will restrict here our discussion of the energy and an-
gular distribution of the Z°-production to the region which
is experimentally easily accesible and where we have a large
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cross section, i.e., r > 0.01 and y > 0.5. But there the pro-
duction from the lepton vertex dominates by far [10] and we
can identify the scale parameter as usual, 0% = de —gpiy
and we have

ep ep - " %) ‘2 €y
0" % ol ie = 3 [ A foas QoG-
q "

The parton distributions can be used only for Q2 not too
small. Therefore we need a cutoff for (2. Furthermore in or-
der to separate deep inelastic from elastic scatteringn a cut on
the invariant mass W of the unobserved particles in the final
state is required. The cuts for Q'? and W constrain further
the physically allowed region for the process (1) as follows:

~(p=p' = K)? = Q =5y 2 Qi
P+py—p -k =W =sy/(1-2")>Wewe - (5)

Note that a cut W,y on the invariant mass W implies a cut
on(Q*:

' s’ T+ pfy
L b Wiy B W il
“birs Z Wou =M — (e + u/y)

6
1 -z (6)

with p = M%/s = M2/4EE,.

Taking an energy in the center of mass of 1,296 GeV,
Q2 = Q% = 4 GeV and Wy = 10 GeV? we get for
the total Z°-production cross section 67 = 5.8 x 10737 cm?,
These cuts are suited for the parton distribution functions of J.
Botts er al. [4] which we use in our performances. This total
cross section rate leads to a total production of around 290 2
bosons per annum for an integrated luminosity of 500 pb~!,
which is expected to be reached at LEP/LHC.

Next we present the dependence on x and y of the cross
section for Wiy = 10 GeV? and two differents values of
Q2. namely 4 GeV? and 10 GeVZ%. We show in Fig. 1 our
results for ep-scattering at LEP/LHC with an electron energy
of E. = 60 GeV and a proton energy E,, = 7 TeV. We
can observe in Fig. 1 that the cross section increases as x
approaches to 0 and y to 1. We also see that the difference
between the results for Q 2, = 4 GeV? and Q.2, = 10 GeV?
is generally small. It becomes biggest for small z and y — 1,
for example we find for # = 0.1 and y = 0.9 a relative dif-
ference of 10%.

Our results for the dependence of the cross section on
the energy F and the polar angle #; of the produced Z°-
boson, log,, [(do/dcos by dEidrdy)/(do/dxdy)] vs. Ej
and r(Ey, cos ) are presented in Fig. 2 for z = 0.008 and
y = 0.95, taking Q.2, = 4 GeV? and Wy, = 10 GeV? (for
these values of « and y we need to take into account only the
contribution from the lepton vertex). We see from this fig-
ure that the Z"-bosons will be mainly produced in a small
Ej interval and for r =2 1. The latter means according to the
definition of r [Eq. (3)] that the Z° will be mainly found in
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FIGURE 1. da/drdy as function of z: for y = 0.8 (curve A).

y = 0.9 (curve B), and y = 0.95 (curve C), with Q;?,, = 4 GeV?;
and for y = 0.8 (curve A’). y = 0.9 (curve B’). and y = 0.95
(curve C'), with Q2 = 10 GeV? (/5 = 1,296 GeV).
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FIGURE 2. Logarithmic plot of the dependence of da /dxdy on E}
and 7 for o = 0.008 and y = 0.95 (/s = 1,296 GeV).

the backward direction and that the cos #. distribution has a
sharp peak before it reaches its kinematic upper limit given
in (2). We also have observed that most of the Z”-bosons
are produced in the plane which is spanned by the momenta
of the incoming and outgoing leptons, i.e., sin ¢, = 0. The
reason for these sharp energy and angular distributions is
that the diferential cross section becomes large when (' =
—(p —p' — k)? approaches its minimal value, Q"2 ~ Q"f{

cut
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According to the expression given in (6) this happens when
a' =~ ax+ p/yand hence y' = (Q2/s)/(z + p/y) < 1.
These expression for 2, y' give for Ey, cos 6, and sin ¢y :

Ey(z,y) = Ey + E;J#/y + Epz(l—y), (T)
cos Ok (z,y, Ex) = (2Ey — Ey)/\/ E} — M3, (8)
sin ¢y ~ 0. (9)

These estimates are confirmed by the direct numeri-
cal evaluation with a rather good accuracy. This evaluation
proved also that the distributions in Fig. 2 are not sensitive
to those variations of the cuts which we discussed above.
We have included in our computations besides the photon-
exchanges also the Z%-exchange diagrams. As expected, -
exchange diagrams dominate by far. However, for Qf'z of or-
der O(M?2) v-exchange as well as Z°-exchange are impor-

tant. From expressions (6) we see that this will happen when
T+ pfy =1

We can summarize our results as follows. If the energy
and polar angle of the scattered electron are fixed by given
values of the scaling variables = and y, the boson Z" will
be mostly produced with energy Fy = Ey + E,z(1 —y) +
M3 /(4yE). polar angle cos 6, ~ (2Ey — Ex)/\/E} — M3
and azimuthal angle sin ¢, = 0. Due to the number of Z"
bosons which will be produced at LEP/LHC (290 yearly), it
seems (o be possible to reconstruct experimentally the narrow
kinematic configuration for the Z°-production.

We end this paper pointing out that the resonance-like be-
haviour of the Ey and 8. distributions will help to discrim-
inate between the production of a standard Z° and the pro-
duction of other particles, such as those predicted by other
theories with other reaction mechanisms, for example super-
symmetry [11] and subconstituent models. [12]
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