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Heavy boson production viaep collisions at CERN LEP and LHC energies
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We discuss the production of a heavy boson in deep inelasficscattering in the context of the standard
model SU(3} X SU(2), X U(1) of the strong and electroweak interactions at CERN LEP and LHC energies.
We present results for the total and differential cross sections in terms of the parameters of the outgoing lepton.
In addition to they-exchange diagrams we have also considered the contributions" aiind Z° exchange.

They are found to be non-negligible, especially for the proeegs— v, W~ X. We also present results for the
energy spectrum and the angular distribution of the prod#®dEnergy and angular distributions fa’
production are found to be strongly peaked, which will allow a clear identification of the prodZfted
[S0556-282(98)02505-3

PACS numbes): 13.60.Hb, 13.85.Qk, 14.70.Fm, 14.70.Hp

. INTRODUCTION o1=5.05x10" % cn? [9]. For the processe p—eZ°X,
The CERNe*e~ collider LEP and Large Hadron Col- Gabrielli [9] found for the lepton vertex contributionre,

. . . : D =3.3x10 %" cn?. By using the same parameters we get a
lider (LHC) will provide us with the possibility to observe similar result; namelyrio,= 3.2X 10-%" e, In our calcula-

e"p collisions with a maximal energ™=60 GeV of the  {j5ns we have also included the hadron vertex contribution,
electron andEg®=7 TeV of the protor{1]. A particularly 4, =2.6x 103 cn?.

interesting experiment at LEP and LHC will be electropro-  We also present results for the differential cross section as
duction of weak bosons. One of the main goals at LEP ana function of the dimensionless variablesindy in order to
LHC is the exploration of physical frontiers beyond the stan-compare the productions from the leptonic vertex and the
dard mode[2]. However, the rates of events for most of the hadronic vertex. Kinematical regions are found where either
exotic processes are of the same order of magnitude dhe lepton or the hadron vertex contributions can be ne-

smaller[3] than the expected rates for heavy gauge bosoflected. _ , _
production ine~ p scattering. Hence, even if the cross sec- One of the aims of LEP and LHC is to explore the physics

tions for heavy boson production are not large enough t eyond the standard model. For_ example, particles predicted
allow for detailed investigations of th&/* and z° proper- y supersymmetry16], subconstituent mode(s] and oth-
ties, their calculation is necessary. OnlyiF® andZ° pro- ers. This can be accomplished only if the results of the stan-

duction, which together lay down an important backgrounodard model are known n detail. Our_ discussion is thus
for new physics, are completely known and characterizec‘fomplemented by presenting _cal_culat|ons for the energy
can the latter be successfully investigated. Therefore our airﬁp?Ctrugn r?ndfthe;r angxular(;jlst;(l? gt|on (.)f lthe prcjoduZ(jBQIt

in the present work is to discuss in detail the heavy bosoft Olllm t”acti or Tixe d andy flshmalr;]y produce '|I-r;l a
production in deep inelastie p scattering. This will be STl W€ etermined region of the phase space. The ex-
done by using the coupling between fermions and bosons g% €55!0Ns for th_e k|nemat|cs of the product|on_of a massive
given by the standard model of the strong and electrowea oson in deep |!'1e|ast|c Iepton-nuqleon scattering and a dis-
interactions and the parton modd] through the parton dis- Cussion on the influence Of. experlmental c.uts on the phase
tribution functions reported by Bottst al. [5], which take  SP3c€ of the produced particles are given in ReT], plus

into account scaling violations and the heavy quarks contrithe explicit calculation of the matrix elements and the differ-

bution ential cross section for polarized scattering.

Three types of reaction mechanisms are discusgéd: th Th'sl p<'|:1|c1t§r IS ?rt%an:jz_?fd astfo:lows: In Setp. Ilfwe_delscr_lbe
and Z° production at the lepton line, at the quark line and'N€ caicuiation ot the difierential cross section for Inclusive

- 0 ; ;
through the fusion diagrams with the non-Abelian couplingW and Z* production. In Sec. Ill we present and _d|scuss
of the gauge bosons. Our calculations include, aside fronQur results for the total cross section and differential cross

y-exchange,Z’- and W*-exchange diagram contributions section as a function of the dimensionless variallesdy
and are thué complete for all the different reactions and reaction mechanisms which

The first estimate fow* andZ® production ine~p scat- contribute to charged vector boson and neutral vector boson

tering as given by Llewelyn-Smith and Wiik in 1978]. production ine™ p collisions. Section IV contains the results

More recently, other authors have reported more detailed cafpr the en%rgy spectrum _and the angular _dlstrl_butlon of the
producedZ”. Our conclusions are summarized in Sec. V.

culations[7—15]. It is not possible to compare directly all of
our results with those of the former papers because different
cutoffs were applied. In Ref9] the total cross section for
the reactione” p— v W™~ X was calculated with a cutoff of
0O(1) Ge\ taking into account the-exchange contribution
only. For an energy in the center of mass of 1296 GeV and A heavy bosoW= andZ° can be produced in deep in-
our cutoffs we getrr="5.5x 103 cn? to be compared with elastic e”p scattering via the following processes:

Il. THE DIFFERENTIAL CROSS SECTION FOR
W=*AND Z° PRODUCTION IN DEEP INELASTIC
ELECTRON PROTON SCATTERING
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After the evaluation of the parton cross sectibn 9, we
have to put them together with the parton distributions

f(x’,Q?) in order to evaluate the™ p cross sectiono'N. In
Ref.[17] it has been pointed out that in contrast to ordinary
deep inelastic scattering the choice of the effective momen-

tum transfer square on the nucle@? is ambiguous in the

cesseq1) and (2)] contributions to lepton quark scattering.

e € e e e e e
w 1z ?Y'z v W, case of the heavy vector boson production and dependent on
. M the reaction mechanism. For leptonic production it is reason-
v : ¢ W ’ able to takeQ?= — (p—p’ —k)?=Q’? sincep—p’ —k is the
. Ve e A Ve e Ve e Ve momentum transfer to the nucleop,p’ denote the four-
5 ‘7 w w Wl ow momenta of the incoming and scattered electfothe four-
' |24 3 momentum of the produced bogomn the case of hadronic
wd wd o ed o ud s W production the obvious choice &%= —(p—p’')?=Q?%. For
. /Z‘e o /i . e e . the non.—AbeIian diagrams' a simple kiner+natical argument is
.z tz' ‘s ,z' 4 not sufficient. For production of massiWg~ bosons in lep-
R . ’ ’ ton quark scattering unitarity would not hold unless a cou-
u,d ud  ud ud  ud \ ud  ud ud pling between thav=, Z° and y bosons is considered. This
/Zv ﬂz Zv vz v coupling occurs as a consequence of the gauge invariance of
e na =L = S W v; non-Abelian gauge theories. Therefore unitarity is restored
w EW w § gw w%w 5 through strong cancellations between these non-Abelian dia-
> > > » - = 7 p grams and either the leptoriiprocesg3)] or hadronidpro-
Z
)

u d u d u \ u
(c

(@) (b)

(d)

We propose a prescription which guarantees this gauge
theory compensation also for the deep inelastic cross section:

FIG. 1. Feynman diagrams which contribute to the amplitude Ofnamely,
processe$l)—(5) at the lowest order irmv; boson production from
the initial (@) and final(b) lepton, the initial(c) and final(d) queﬁk (8 e p—e W X, e p—e WX
and through the non-Abelian coupling® (u stands fow, c, t, d,

s, b;dford, s b, u c t).
do'N=2 fdx’fq(x',Q’Z)da:,’qﬂtfdx’fq(x’,Qz)(da'hﬁ
q

e p—e WX (1)
_ _ 1,9 l,q ’ 7 2 7 72
e p—e WX 2) +d<rhn+dcrnn)+f dx’ Vg(x', Q%) V(x',Q"?)
e p— v WX &) X(doji+doy), (6)
e p—r WX (b) e p—vW™X
e p—e Z°%X 4
P @ do"'N=§ fdX’fq(X’,Q'z)(da'hq—kdo':hq-i-da"r{ﬁ)
e p— v Z°X. (5
’ ’ 2 1,9
The diagrams which contribute at the lowest ordetiat +f dx'fq(x",Q%)darsy
the quark level to the different reaction mechanigpreduc-
tion at the leptonic vertex, at the hadronic vertex and through +J / 2 2 Lay g
the boson self interactiomf all these processes are depicted A VEg(¢ Q) VHo(x'.Q ) (dorgl+ darr),
in Fig. 1. The proces® p— v ,W*X is forbidden at the )

lowest order ina.

We see from this figure that for reacti@db) only heavy
boson exchange diagrams contribute and hence its cross sec-
tion will be very small. In reaction1) only quarks with
isospin-1/2 whereas in reactid®) and(5) only quarks with dal,sz f dx’ fo(x’ Q’Z)(da"q+ dol9+dah9)
isospin 1/2 contribute. q o I In nn

We have discussed in detaf production and also the
kinematics of heavy boson production in deep inelastip +f dX'fq(X',Qz)do-lhvﬁ
scattering in the Ref17]. Notation and formulas as given in
the latter to analyze th&/~ and Z° production are here
adopted, though care is exercised with regard to the different + f dx’ \/fq(x’ ,Q?%) \/fq(x’,Q’Z)(dalthr da'n'ﬁ .
ways in which the bosons are arranged in the non-Abelian
coupling diagrams. 8

(c) e p—e Z°K, e p—rvZ°X
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TABLE |. Contribution to the total cross sections from the dif-

ferent boson exchange diagranks=60 GeV,Ep,=7 TeV.

A. GUTIERREZ AND A. ROSADO

2.0x10™°

————

Ee=60GeV,Ep=7TeV

Processes o, (cnf) o+ z(cmP) o(cn?) g Mw=80.3GeV, sin’ 8, = 0.223
e poe WX 57x10°%  57x10°%  6.1x10°% 610 —
e p—e WX 6.8x10° %  6.8x10°%  6.1x10 % .
e p—rvW X 46x10°%  6.6x10°%  55x10°%¥ _
e p—e 2% 55x10°%  57x10°%  58x10°¥ g lano ]
e p—vZ°X 0 0 1.4<10°% 3 :
S »
T 8.0xI10 - —

Summation is taken over all allowed quark and antiquark N\ .
statesl,h,n denote leptonic, hadronic and non-Abelian, re- '
spectively. \

In Eq. (6) the first line collects the expressions where the \ 4
heavy boson is emitted from the lepton vertex using
fq(x’,Q’Z), the second line, production from the quark and . 4
the non-Abelian vertex witlfi,(x’ ,Q?), and the last one con- y
tains the contribution from the interference of these produc-
tion mechanisms. In other words, contributions from dia- FiG. 2. Comparison of the contribution thr/dy from the dif-
grams with noy or Z° exchange, from diagrams with or  ferent boson-exchange diagrams for procégs Curve C: only
Z° exchange and interference terms are contained in the firsf-exchange contribution; curvd: y- and Z%-exchange contribu-
second, and third line in Ed6), respectively. In Eq(7) the  tion; curveA: y-, Z°% and W*-exchange contribution(s= 1,296
non-Abelian contribution arises together with the leptonicGeV).
production since only this guarantees the required compen-
sation. In Eq(8) expressions where the heavy boson is emit- B. do/dy and do/dxdy
ted from the lepton line or the non-Abelian vertex, from the _
quark line, and interference of these production mechanisms, " Figs. 2—-4 we comparalo,/dy, do,.z/dy, and

are contained in the first, second, and third line, respectivelyd? y+z+w/dy for the processegl)—(3). From these plots it
can be seen the importance of taking into accdZfktand

W-=-exchange contributions talg/dy for 0.1sy<1. In
Figs. 5—7 we show in logarithmic scale tihaependence of
the separated contributions of the lepton vertex, quark vertex
. . ) i _ and non-Abelian diagrams as well as the overall contribu-
In this section numerical results obtained by using thejons. In Figs. 5 and 6 contribution of the quark vertex and
standard model of the electroweak interactipabare pre-  non_Apelian diagrams is shown while in Fig. 7 contributions
sented. We tak#l ,0=91.2 GeV andM,=80.3 GeV forthe the lepton vertex and non-Abelian diagrams are depicted.
masses of the neutral and charged bosons, anthgin These plots illustrate the compensation mechanism charac-

=0.223 for the electroweak mixing angle. We have includederistic of the non-Abelian structure of the electroweak stan-
in our computations, in addition toy-exchange, the

Z%exchange, and th@/*-exchange diagrams. We present
results for e"p scattering with an electron energi
=60 GeV and a proton-enerdyp=7 TeV, i.e. in the LEP
and LHC system. We take cuts of 4 Ge\M Ge\?, and 10 -
GeV? for Q?, Q'?, and the invariant hadronic mass square
W, respectively. These values are suitable for the parton dis-
tribution functions of Bottset al. [5] and the latter are used

in our calculations.

4.0x10™* N

|.0X|O-” PRSI S T N TN NN TR (RO SN UM TN AU S NS N

lll. RESULTS FOR DEEP INELASTIC W= AND Zz°
PRODUCTION AT LEP AND LHC ENERGIES

4X|O>35v|l;|||||||||1

Ee =60GeV,Ep=7 Tev
Mw=80.3 GeV,sin’ 8,=0.223

3x10*°

~35 |

xi0

[\

A. Total cross sections

da/dylcm?)

Calculations that only take into account the contribution
from photon exchange diagrams to the cross section of the
processe$l)—(4) have been reported, where different parton
distribution functions and cuts for the invariant mass square
W are used. For the sake of comparison we give our results
in Table | for the following casesy-exchange contribution
gy Y- andZ%-exchange contributionr,,, z; and y-, Z- and 0.0
W=*-exchange contributionr; .

As expected, the dominant contributions to the total cross
sections stem from photon exchange.

- 35
1xI0

FIG. 3. Same as in Fig. 2, but for proce&s.
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w=80. ,sin" 9, =0 ]
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FIG. 4. Same as in Fig. 2, but for proceSs. FIG. 6. Same as in Fig. 5, but for procegs.

dard model as a gauge theory. In proc€sthis compensa- We can also observe that fgr=1 the contribution from the
tion reaches two orders of magnitude at LEP and LHCleptonic clearly dominates, whereas fgr= n the hadronic
energies. Therefore, even small deviations of the couplingroduction becomes the most important feature.
estructure from the standard model, like anomalous moment Our results for the dependence wm@andy of the leptonic
terms, can be expected to lead to observable deviations and hadronic contribution and the interference between them
results obtained through the standard model. are shown in Fig. 9. The interference phase can also be seen
In Fig. 8 procesg4) is shown in a logarithmic scale by to depend on variable. We conclude from these figures that
depicting the y dependence of the quantitiedo/dy, for x=0.1 and y=0.95 (Q?=159,600 Ge¥) production
doep/dy, anddop,g/dy. In this figure the leptonic vertex from the hadronic vertex can be safely neglected.
contribution can be seen to increase steeply apes to 1 The main contribution to th&° production from the lep-
and thus becomes a dominant featurerig}. tonic vertex stems from the diagram in which #&boson is
In the same figure the sign of the contribution arisingemitted by the initial electrofiFig. 1, Diagram 4a)]. It is so
from the interference term is seen to be positive throughoutbecause in this diagram the propagator of the virtual electron
goes as 1{§—k)? whereas in that ofFig. 1, Diagram 4b)]
(Z° boson emitted by the final electrothe corresponding

107 ¢ 3
prrorrrerr e propagator behaves as pA k)2.
[ e - ]
” Ee =60 GeV,Ep=7TeV T ]
| Mz=80.3Gev,sin’0, =0.223 - J .
- 10 E T L - LN A B B T T ™3
i e |
- 10 Mw=80.3GeV,sin?6,=0.223 -
5 = A 3
] — 8 ]
§‘ . I g 1
S i 1 S0tk —— —
© i Bl E
107" |- = - E ]
c ] ° = - ]
B T T T e N ~ r — h
e B0 -
] - =
7 I i i
Io-sv P Y NN Y EU YN ANTAN SRRV R [637 =TT e =
0.2 0.4 06 0.8 1.0 T T 3
y a -
. _— . T | P I I P
FIG. 5. Comparison of the contribution thr/dy from the dif- 10 =5 0a 06 08 o
ferent boson production mechanisms for progéssCurveA: total y
contribution; curveB: production at the leptonic vertex; cun&
production at the hadronic vertex; curize production through the FIG. 7. Similar as in Fig. 5, but for proce$3); here curveE is

non-Abelian couplings; curviE: sum of the hadronvertex and non- the sum of the lepton vertex and non-Abelian production mecha-
Abelian production mechanisms/§= 1,296 GeV. nisms.
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15 - . : ( : | i | , . 0.45 [ T T T T T ]
L Ee =60 GeV,Ep=7 TeV E 0401~ B
i Mz =91.2GeV, sin’ 6, 0.223 - -
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FIG. 8. do/dy, dojep/dy anddag/dy, for s=1,296 GeV. FIG. 10. Normalized energy spectrum of the producgt

bosons fory=0.9 andx=0.001(curve A), x=0.003(curve B), x
The qualitative behavior of the leptonic contribution can =0.008(curveC) (y/s=1,296 GeV.
be understood as follows. In Sec. Il of the Rdf7] it is seen
that a cut on the invariant mas4' induces a cut on the not necessarily zero in the limit” = 7+, because it contains

momentum transfer square of the exchanged bo§U1, integrals of the form

This cut depends or andy (see Eqg. 2.16 in Ref17]) and

attains its minimal value at+ u/y=0 whereas it becomes 7 drf(7)
large whenx+ w/y approaches one. In other words, the most A =0 (r —7)

important contributions to th&° production from the lep-
tonic vertex are given bx~0 andy~1. The pronounced whose limit is7 f(7o) for 7~ — 7" = 7.

increase of this contribution observed in Fig. 8 whegoes We observe that the contribution to tf# production
to 1 can be explained as follows: The explicit form of the from the hadronic vertex dominates for smatindy. This is
momentum transfer square of the exchanged electrfign  due to the fact that the propagator of the exchanged photon
1, Diagram 4a)], expressed in dimensionless variables, isin the contributing diagrams depicted in Fig. 1, Diagrafo) 4
(p—K)?=—s(1-y—7+y’). However, from Eq.(2.9 in  and Fig. 1, Diagram @) behaves as Q2= 1/sxy. In this
Ref.[17] it follows that7"~7~~y’(1—x") fory=1, hence case, the propagator of the virtual quark in the diagram of
1/(p—k)?~1/sx'y'=1/Q'?. Note that the cross section is Fig. 1, Diagram 4c) (Z° boson emitted by the initial quark
behaves as 1¢—k)?> and approaches—1/Q? when y
53 —u [(g—k)2=u—x'(y—Yy")]. However, in Fig. 8 we do
not observe the same behavior as in the leptonic case for
y—1, because wheg— u the allowed intervals fox, x’
andy’ vanish altogether.

=FF T

Ee =60 GeV,Ep=7TeV,y=0.95
Mz =91.2 GeV, sin’ 6, =0.223

IV. ENERGY AND ANGULAR DISTRIBUTION
OF THE PRODUCED Z°

lﬂlu‘,d T lIlIIII TT

Results for the normalized energy distribution
(do/dEdxdy)/(da/dxdy) of the Z° are illustrated in Fig.
10 for x=0.001, 0.003, 0.008 ang=0.9, and in Fig. 11 for
x=0.001, 0.003, 0.008 ang=0.95. We see that these en-
ergy distributions have a resonancelike behavior, e
bosons being mainly produced in a s}l interval. Some-
thing similar happens with the normalized angular distribu-
tion (do/dcosh dE,dxdy)/(da/dE,dxdy). Figures 12 and
13 show that th&® is mainly found in the forward direction
and that the ca;, distribution develops a sharp peak before
reaching its kinematical limit. We also observe that most of

FIG. 9. do/dxdy as function ofx for y=0.95/s=1,296 GeV. the Z° bosons are produced in the plane which is spanned by
Shown are again the leptonicurve L), hadronic(curve H), and  the momenta of the incoming and outgoing leptons i.e.
total (curveT) cross sections. cosp=0. The reason for these sharp energy and angular

do /dy (em?)

T llllllll TT

Io»ss

Covned vl cvvd cvaed ool 4l

T llll”] T IVUTITI
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FIG. 11. Same as in Fig. 10, but with=0.95 andx=0.001 FIG. 13. Same as in Fig. 12, but fa~=0.001,y=0.95 andE,
(curveA), x=0.003(curve B), x=0.008(curve C). =95 GeV(curveA), E,=95.5 GeV(curveB), E,=96 GeV(curve

C), Ex=96.5 GeV(curveD), E,=97.5 GeV(curveE).

distributions is that the differential cross section becomes . : . 0
large whenQ'?=—(p—p’ —k)? approaches its minimal Then, by using Eq(2.5) in [17] we obtain forE,(x,y) and

0
value,Q'?~Q’2,. Then we have cosfy(x.y),
0 ~ —
X' ~X+ uly Ek(XaY) Ey+ EpM/y+EpX(1 y), 9
cosAY(X,y)~(2Ey—E)/VEE— M3, (10)

y' ~Q'2,J(x+uly)~10"%.
associated with the maximal number Bf bosons. These
When these values for', y’ are substituted into the expres- estimates are confirmed by accurate numerical evaluation.

sion (2.9) of Ref.[17] we obtain The last two expressions together with ¢gs0 (Q'?
~Q'2 ) for a given value ok andy (i.e. for a given energy
r~(1-x—puly)(1-y). and direction of the scattered electy@nables one to deter-

mine the region in the phase space where most ofzthe

\ bosons can be found.
|0 T | T l T T

Ee = 60 GeV, Ep= 7 TeV §
x=0.001,y=0.9 H
3 Mz =91.2 GeV,sin*0,,= 0.223

V. CONCLUSIONS

T T T 11T
L

We have presented the complete calculation of heavy vec-
tor boson production in unpolarized deep inelastip scat-
tering in the context of the standard model in conjunction
with the parton model, at LEP and LHC energies.

By taking M\,=80.3 GeV, M»=91.2 GeV, sifd,
=0.223,/s=1,296 GeV and by using the parton distribu-
tions reported by Bottet al,, a total production of about 290
Z° 3030W™*, 3310W~ bosons for an integrated luminosity
of 500 pb %, for LEP and LHC was found.

We have included in our calculatior®’-exchange and
W=-exchange diagrams, in addition eexchange diagrams,
where these contributions are found to amount to 6% of the
photonic cross section. For the distribution heavy boson
exchange contributions were shown to be important, particu-
larly for large values ofy (y~1).

Separate contributions from the different mechanisms of

FIG. 12. Normalized angular distributions of the produ&d Ccharged boson production were calculated. These lead to a
bosons forx=0.001,y=0.9 andE,=94.5 GeV (curve A), E,  compensation mechanism on the differential cross sections,
=95 GeV (curve B), E,=95.5 GeV (curve C), E,=96.5 Gev  which is typical of the non-Abelian structure of the elec-
(curveD), E,=99 GeV(curveE). troweak standard model as a gauge theory. This compensa-

T T TTTI] UNLRREL|

T T Illllll

(da / dcos©, dE, dxdy)/(do/dE, dxdy)

-\lllll[

1 Llllllll i Ik 1 IIIIIII| i IllIIIII
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tion reaches up to two orders of magnitude at LEP and LH(polar angle of the scattered electron are given by scaling
energies. This means that even small deviations on the cowariablesx andy, the bosorZ® will be mostly produced with
pling structure of the standard model like anomalous magenergy E,=Ey+Ex(1-y)+E,M%/(sy), polar angle

netic moment terms will Iggd to Qe_tectable deviations i”co$k~(2Ey— Ek)/\/m and azimuthal angle cdg
charged boson production & p collisions. The decay of a

neutral bosorz® into lepton pairs provides a clear signal of  Finayy it is worth mentioning that the resonancelike be-
its production. Neutral bosons can be produced through neys, oy of theE, and 6, distributions will help discriminate

tral current and charged current interactions. The prOdUCtiOBet\Neen the production of a stand&@¥and the production
rates for neutral current processes are expected to be lar other particles, such as those predicted by theories dealing
than those for charged current processes because in the |a%lih other reaction mechanisms, for example supersymmetry

case photon-exchange diagrams do not contribute at the Iovtr16] and subconstituent mode[8], through experiments

est order ina. o _ which will be carried at the collider LEP and LHC.
The contribution of theZ™-exchange diagrams to the total ~ Thea cross section and consequently the even rate is pre-

cross section is a small percentage, wherexchange dia-  gymaply not large enough to allow for detailed investigation
grams becomfa by far ghe dominant ones. Howevero, for 1arggs the W= andz® properties. However, it is of a comparable
Q? and le.['-e-'O(Mz)] y exchange as well a&” ex-  qrder or larger than that of many exotic processes. Therefore
change are important. . _ __ itis important to perform complete and detailed calculations
We c(?mpared the two production mechanlsms,_ emissiogs w* andz® production since new physical features can be
of the Z" at the leptonic vertex and at the hadronic vertex,ghserved only if standard background events are correctly
and their interference. We found that there are kinematicajistinguished. In this sense the results of the present report

regions where either the contribution from the leptonic ver-may help clear the way toward new physics at LEP and LHC
tex or that provided by the hadronic vertex can be neglectedyy fytyre e p machines.

The contribution to the cross section is mainly hadronic for
y=<0.5 whereas for 08y<1 it is almost purely leptonic.

We also analyzed in the LEP and LHC system the energy
Ey and co®, distributions of the produced?® for a givenx
andy (i.e. for a given energy and polar angle of the final Financial support from th€onsejo Nacional de Ciencia y
electron. Considering the region where t#& production is  Tecnologa (CONACyYT) andSistema Nacional de Investiga-
almost purely leptonic, we found that tkg and 6, distribu-  dores(SNI) is gratefully acknowledged. We would like to
tions are strongly peaked. It is shown that if the energy andhank A. Flores for careful reading of our manuscript.
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