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ABSTRACT: In view of the start up of the 14 TeV pp Large Hadron Collider the quark
anti—quark reactions leading to the final states WTW—, W*Z0 and Z°Z° are studied, in
the frame work of the Standard Model (SM), using helicity amplitudes. The differential
and total cross sections are first evaluated in the parton anti-parton center of mass system.
Subsequently they are transformed to their expected structure in pp collisions through
the parton anti-parton Energy Density Functions which are here derived from the known
Parton Density Functions of the proton. In particular the single and joint longitudinal
polarizations of the di-boson final states are calculated. The effect on these reactions from
the presence of s-channel heavy vector bosons, like the W’ and Z’, are evaluated to explore
the possibility to utilize the gauge boson pair production as a probe for these 'Beyond the
SM’ phenomena.
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1. Introduction

In high energy proton-proton (pp) colliders, such as the LHC (Large Hadron Collider) at
CERN with a center of mass energy v/ S=14TeV, the production of heavy gauge vector
boson pairs (VV') occurs predominantly by the quark anti—quark (¢q) reactions and to a
lesser extent via processes involving gluons. In the planned International Linear Collider
(ILC) these pairs of bosons will be produced in the eTe™ colliding beams at their center of
mass energy of 500 GeV up to ~1000 GeV [[l] which practically coincides with the center
of mass energy supplied by the accelerator. This is not the case in the LHC where the
center of mass energy of the parton anti-parton system, here denoted by Ecm, varies over
a wide range, essentially from zero up to 14 TeV. This feature, that for some applications
is a drawback, has the advantage that it offers the possibility to cover a very wide Ecm
region over which the search of new particle states can be conducted.

Some properties of the total and differential cross sections such as the transverse mo-
menta of the WH W=, W*Z% and Z°Z° final states produced via ¢ reactions, have been
estimated [E] via the helicity amplitude technique. This method which was adopted in this
work, was applied to pp and eTe™ collisions, in order to extend the former studies and
to estimate the Standard Model (SM) expectations for cross sections including single and



joint longitudinal polarizations of the V'V’ boson pairs. The total and differential cross sec-
tions, and in particular the evaluation of longitudinal polarizations, are examined with the
aim to asses their power to detect 'beyond the SM’ phenomena like the existence of heavy
Z vector bosons, referred to as Z', and similar states expected from the conjecture of extra
dimensions (E D) set of Z* states. Our findings can directly be applied to results of future
high energy ete™ colliders like the ILC and/or the Compact Linear Collider (CLIC). The
comparison of our calculations with some of the properties envisaged in pp reactions at the
LHC, like cross sections, requires the incorporation of the effects arising from the Parton
Density Function (PDF') on the quark anti—quark center of mass energy distributions as
well as a proper handling of the contributions arising from processes involving gluons.

In the following section ] we describe our method to obtain an expression for the
parton anti-parton Ecm distributions in pp collisions, here denoted by EDF'. In section
a brief outline of our helicity amplitude calculations for cross sections and polarizations
are presented. Section [ is devoted to the SM reactions of qq, g7’ and eTe™ leading to the
final states WTW~, W*Z°% and Z°Z° and their manifestation in pp collisions using the
EDF. In the same section we also test our EDF based method to transform gg processes
to pp reactions by comparing it to a Pythia Monte Carlo generated pp — Z°Z° sample.
In section | we examine the effect of the presence of massive Z’' and W’ bosons in the
s—channel on the cross sections and longitudinal polarizations of the W+W = and W~ 2"
final states. Finally we conclude in section fj with a short summary.

2. Parameterization of the energy density functions

2.1 The need for the energy density functions

In general, theoretical calculations of cross sections and other properties of parton anti-
parton reactions leading to exclusive final states, such as gg — WTW ™, are carried out
as a function of the parton anti-parton center of mass energy, Fecm. In the study of the
proton-proton collisions, at a given center of mass energy \/S—pp, leading to the identical
final state the Fem can be determined event by event from the momenta of this final state
particles. The question however is how the theoretical calculated cross section dependence
on Eem , e.g. o(gg — WTW™), is transformed when measured in pp collisions. In the
interacting pp system there exist an infinite continuous set of colliding parton anti-parton
pairs which result in the very same Fcm value. The reason stems from the fact that
the partons of the protons have a continuous energy distribution, given by the Parton
Density Function, PDF, which describe the relative parton energy with respect to that
of the proton laboratory energy. Thus the multi occurrence of parton-pair Ecm values in
pp collisions results in a non-flat Fem distribution, here denoted by the Energy Density
Function (EDF). From it follows that the Energy Density Function, the property of two
colliding protons, is clearly not equivalent to the PDF property of a single non-reacting
proton it does however serve as an essential input for the EDF computation as shown
further on. The knowledge of the Energy Density as a function of the Fem is crucial
for the transformation of the cross sections dependence on Eem from those calculated
theoretically for the free partons reaction to the ones where the partons are embedded in
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Figure 1: The unnormalized parton anti-parton Energy Density Function, EDF x N as a function
of Ecm for pp interactions at a /S = 14 TeV given by eqs. (2.) and (R.4). (a): The continuous,
dashed and dotted lines are respectively the EDF,; x N, dependence on Ecm of the ui, dd and
s§ systems; (b): The continuous and dashed lines are respectively the EDF,j x N, dependence
on Ecm of the du and ud systems; (c): The gluon — gluon EDFy5 x Ngyg.

the colliding protons. Moreover, it is also required for polarization measurements whenever
they are averaged over non-negligible Fcm range to allow their comparison with theoretical
expectations.

2.2 Evaluation of the energy density functions

One way to achieve an evaluation of the FDF' is via the use of a dedicated Monte Carlo
(MC) program of pp collisions which generate individual parton anti-parton reactions and
determine for each of them their Ecm value. If a large enough event sample is generated,
the relative repeated occurrence of each Ecm value is proportional to its corresponding
EDF estimate. Such a dedicated MC program, which is time consuming and frequently
requires special development efforts, is often not readily available for the particular reaction
under study so that an analytical evaluation of the FDF is inevitable and hence is here
further estimated.

If we denote by S the center of mass energy squared of the colliding pp system, here
set to the nominal LHC energy squared of (14 TeV)?, and by § (= Ecm?) the center of
mass energy squared of the initial interacting parton anti-parton pair, then the following
relation holds:

5 = xRxpS, (2.1)

where x;, = Ej/FEproton is the fraction of the proton energy carried by the parton k. For
the different Parton Distribution Functions, here denoted by hy (), we use the CTEQ6.5M
ones given in reference [J]. For a fixed S, the probability P(3,59)d3 is given by

Jonin 4 Jonin A, [ () g ()8 (g — 3/9)]d3
f;r::" ds f;lin dzp, fnllin drg [hi (k)b ()0 (zpzy — 8/9)]

where the lower positive integration limits of dxj are set to very small, but non zero,

P(3,8)ds = . (22)

values in order to avoid in the numerical calculations poles at x = 0. To note is that



these two last formulae are also valid for the gluon — gluon (gg) collisions. From the
probability distribution P(8,S) we derive the parton anti-parton center of mass Energy
Density Functions, EDF(kk), for pp collisions at 14 TeV which can be parameterize above
the V'V’ threshold as

1 39x10* 1 1.956 x 10* 1 1.5 x 10%
— = . EDF,;~ . EDF ~ —— 7
Nuya Ecm?25 7’ = N7 Ecm2?5 ' % 7 Ny Ecem?27’

EDF,; ~ (2.3)
where 1/Nj;; are the normalization factors for the colliding k;k; partons which depend on
V3émin and v/5max. The EDF expressions for the quark anti-quark systems da and ud, as
well as the gg, are respectively given by

1 1.9 x 10

1 4.1 x 104 1 55x 104
————— FEDF;~——— . 2.4
N,; Ecm? ’ 997 Nyg Eem?3 (24)
The unnormalized FDF’s are shown in figure [l| as a function of Eem. These parameterized
EDF expressions are applied in the following sections to the di-boson production cross

sections and in particular to the g§ — Z°Z° reaction discussed in section i3

3. The SM cross sections and polarizations

For the calculations of the gauge boson pair production in quark anti—quark and eTe™
reactions we have utilized the SM helicity amplitudes tables given in ref. [fl] for the W+W —,
W*Z9 and Z°Z9 final states. We further specify by 7 the helicity states, —1, 0 and +1,
of the outgoing bosons and by A we denote the initial fermion helicity values of +1/2.
Furthermore, the angle 8y represents as usual the electro-weak mixing angle, so that the
vector (az) and the axial vector (byz) couplings of the SM fermions (f) to the Z° gauge
boson are given by

1
@z 4sinby cosby (rs —4Qsin"0w) 5 an d

1

_— 1
4sinbyycosOy i (3.1)

where @ is the electric charge namely, @ = 2/3,—1/3 and —1 respectively for the up,
down quarks and the electron. The weak isospin projection rg of the fermions is equal to,
r3 = +1 for the up quark while r3 = —1 is for the down quark and the electron. After
integrating over the azimuthal angle, the differential cross section of the process ff — VV’
is given in terms of the helicity amplitudes F)\y/, . by

dU o C’]ﬂ 2
deosd = = Z ‘F)\)\/TT/(COSQ)’ s (32)

§ AN 77!

where 6 stands for the production scattering angle defined in the vector boson V'V’ pair
rest frame between the incident fermion and the final V' boson momenta. The average color
factor C' is equal to 1 for ete™ and 1/3 for ¢q initial states. For a given polar angle cosf
the single and joint longitudinal polarizations pgg(cosf) and poooo(cos) are given by
poo(cosh) = e ’FM/OT/(COSH)’Z and  poooo(cost) = Lo [Fvoo(cosh)l 5 -
> vz [Favrr (cost)] 2 e |FANTT'(0089():|3 3




Experiment £00 Reference
DELPHI 0.24940.04540.022 &l

L3 0.218+0.02740.016 @
OPAL 0.23940.021 [§]

SM expectation 0.22 Present work

Table 1: The LEP2 measurements of the W longitudinal polarization in ete™ — W+W ™ reaction
at an average center of mass energy of 196.6 GeV.

Similar expressions define the other p elements like the py,__ and p__4 ..

In the following sections we will address our calculations to the longitudinal polariza-
tions averaged over cosf which we will refer to simply as pgg and pgggo. These polarizations
can be estimated from the measurement of the cosf; distributions where 6 is the angle
between the decay fermion direction in its parent gauge boson rest frame and the gauge
boson direction in the di-boson center of mass system. Two leading methods, which are
described e.g. in ref. [[f], are used to extract the polarization from the cosf ¢ distributions.
The first is by fitting it to an expression for do/dcosfy given in terms of the helicity states
and the second one by applying the A;; helicity projection operators.

4. The reactions ff — VV’ within the SM

4.1 ff->Wtw-

The reaction ete™ — WTW ™ has been studied in LEP2 in the center of mass energies up
to ~210 GeV [[] using unpolarized electron-positron beams. The total and differential cross
sections have been measured and found to be consistent with the SM expectations. The
poo measurements results are summarized in table [ll where they are found to be consistent
with the SM expectations as estimated from our helicity amplitude calculations. The
OPAL collaboration reported also on a poo measurement [[] in the reaction ete™ —
WTW ™= — lvqq at the center of mass energy of 189 GeV. Their joint polarization value
of 0.201 £ 0.072(stat) 4+ 0.017(syst) is clearly higher, but still essentially consistent within
its large errors, with our calculated SM expectation of 0.095 and that quoted by OPAL of
0.08640.008.

In the future ILC the electron and positron beams are planned to be longitudinal po-
larized. As a consequence, o(eTe” — WTIW ™) and the expected longitudinal polarizations
of the final state W and W~ will depend on the polarization configuration of the initial
state fermions. For an unpolarized positron and a right-handed and left-handed electron,
the ete™ — WTW™ cross sections as a function of the W W™ Eem are shown in figure Pa.
To note is that the cross section of the right-handed electron is much smaller than that
of the left-handed electron which approaches the value of the cross section for unpolarized
beams. Also of interest is the behaviour of the single and joint W longitudinal polarizations
(see figure Pb) produced by the right-handed electron, previously also dealt with in ref. [,
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Figure 2: (a): o(eTe™ — WHW ™) as a function of the WW Ecm. The solid line is for left-handed
electrons and the dashed line is for right-handed electrons. (b): The W longitudinal polarization
as a function of the WW Ecm for a right-handed electron initial state. The solid and dashed line
represent respectively the single and joint longitudinal polarization of the W and W~ bosons.
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Figure 3: (a): o(gg — WTW™) as a function of the WW Ecm; (b): o(pp — WTW™) at
\/Spp =14TeV as a function of the WW Ecm obtained via EDF from o(gg — WTW~) and
normalized to the area under the cross section shown in (a); (c): Fraction of the longitudinal
polarization as a function of the WW FEcm. The solid line is the single W polarization pgg, and
the dashed line is the joint W W~ polarization, pgogo-

which increases, rather than decreases, with energy and approach asymptotically the value
of ~ 100%.

In the LHC, where the proton beams are unpolarized, the production of the final state
W*W ™ is dominated by unpolarized u@ and dd and to a lesser extent by the s3 collisions



with the relative ratios of 0.63, 0.316 and 0.054 respectively, obtained from the PDF
formulae. The contribution of the process gluon gluon — WTW ™ is estimated [L]] to
be of the order of 5%. The gqg — WTW ™ cross section as a function of Ecm is shown
in figure fa where we sum over the wua, dd and s3 initial states weighted according to
their occurrence in pp collisions. In figure Bb is shown the same cross section as it will be
observed in pp collisions at 14 TeV by applying the relevant EDF'. The Ecm dependence of
poo and pogoo are illustrated in figure fJc where one observes that both decrease with energy
and approach a nearly common flat value of ~0.02. In the event that the WTW = pair is
produced in eTe™ collisions, like in LEP2, the Fem is known from the initial state, and
the W longitudinal polarization measurement does not present any difficulty. In the LHC
however, even the single W polarization measurement is not a straightforward task since
the Ecm value of each WTW ™ event is not known from the initial gq state and in most
cases also not from the final state. As is well known, for the polarization measurement one
has first to identify the W W~ event which is dealt with in length in reference [[[0] for their
decay to the fvfv and fv q1qo final states. The following requirement for the polarization
measurement is the necessity to transform the W W ™ pair, including their decay products,
to the WTW ™ center of mass system. This requirement should a priori be more accessible
in the process WTW ™ — q1¢2 q3qs4 than in their leptonic decay modes. However, so far
an algorithm to identify in pp collisions the W+W ™ system via its fully hadronic decay
configuration is still missing. Finally for the longitudinal polarization measurement the
polar angle of the W decay products has to be determined in the center of mass of the
parent W boson, a procedure already utilized previously [H].

4.2 The reaction f'f — W+20

Even though the pp — W*Z° production cross section at 14 TeV is smaller by some 43%
than that of the pp — WTW ™, it has the advantage that the Z° 2-body decay modes,
pwTp~ and ete, provide a simple and clear identification and allow the measurement of
its longitudinal polarization inasmuch that the W*Z° center of mass system is accessible.
Here we note in passing that the final states W*Z° cannot be reached in ete™ collisions.

In figures fla and b our calculated SM expectations are shown for the da — W~ Z°
cross section as a function of Fem without and with the EDF inclusion. The single
poo(Z°) and the joint poooo(W~ZY) longitudinal polarizations are presented in figure fc
as a function of Ecm. Like in the case of the reaction ff — W*W~, with the increase
of energy pgp and pgogo are seen to approach each other to reach a low flat plateau. The
experimental determination of the cross section and longitudinal polarization as a function
of energy requires the possibility to calculate the Ecm of the W Z system. This requirement
is satisfied if one is able to identify the W+ boson through its decay into ¢q i.e., in a 2-jet
configuration. On the other hand in the situation where the Z° decays to ete™ or utpu~
and the W¥ decays to e*v or uTv one finds in general two solutions for Ecem which hinders
a polarization estimation.

4.3 The reaction ff — 7920

The Z°Z° system, in contrast to the W*Z% and WTW ™ final states, allows in most cases a
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Figure 4: (a): o(du — W~Z%) as a function of the WZ Ecm; (b): o(pp — W~ZY) at
V/Spp=14TeV as a function of the WZ Ecm evaluated from o(du — W~ Z2°) via the EDF and
normalized to the area underneath the cross section given in (a); (¢): The longitudinal polarization
as a function of the WZ Ecm. The solid line is the single Z° polarization pgy and the dashed line
is the joint W~ Z° polarizations poooo.

straight forward determination of the center of mass energy event by event, in particular in
its decay to two pairs of charged electrons or muons. Our SM helicity amplitude calculation
of o(qq — Z°Z°) as a function of Ecm, where we sum over the ui, dd and s5 initial states,
is shown in figure fa. Since the processes q7 — Z°Z° is mediated, at lower order, via
t-channel diagrams, it can be used to verify experimentally the SM but cannot serve as a
probe for the search of s-channel massive gauge bosons like the Z’ or the extra dimension
Z* which are dealt with in the following section. As for the gluon — gluon contribution
to the ZYZ° production in pp collisions at 14 TeV, it is estimated to be of the order of
15% (L0, 7).

The reliability of our derived EDF' expressions to transform the parton anti-parton
cross sections to the corresponding pp reactions is demonstrated in figure fjb. In this
figure the data distribution of the reaction pp — Z°Z9 at v/S=14 TeV is obtained from a
Pythia 6.403 generated Monte Carlo sample of ~38,000 events utilizing the PDF' version
CTEQ6L1 [[[Z). In the same figure o(qq — Z°Z°) is shown by the continuous line where it
is normalized to the area under the MC generated sample of the pp collisions. This ¢q cross
section is then transformed via the EDF to obtain the corresponding pp — ¢q — Z°Z°
distribution (dotted line) which again is normalized to area defined by the MC data. To
be seen, there is an over all agreement between the MC sample and the expected pp —
7970 distribution. The slight deviation between the EDF treated cross section and the
MC generated sample distribution can be traced among other reasons to the approximate
numerical evaluation of the integrals given in eq. (R.2) and to the difference between the
PDF version incorporated in the MC program and that used by us.

The Z°Z° single and joint longitudinal polarizations, which are shown in figure fc,
decrease with energy and are seen to approach each other as they reach a nearly zero value
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Figure 5: (a): o(qq — Z°Z°) as a function of the ZZ Ecm; (b): Monte Carlo (MC) generated
pp — Z°Z° events at /S,,=14TeV as a function of the ZZ Ecm. The solid and the dashed lines
are respectively o(qqg — Z°Z°) and the corresponding o(pp — Z2°Z°) at /S,,=14TeV obtained
by using the EDF. Both lines are normalized so that the area underneath them is equal to that
of the MC data histogram; (c): The calculated longitudinal polarization as a function of the ZZ
FEcm. The solid and dashed lines are respectively the single, pgo, and the joint, pgooo, longitudinal
polarizations; (d): The measured pgg from a MC generated pp — Z°Z° data sample, equivalent to pp
integrated luminosity of ~200 fb~!, compared to the SM expectation given by the continuous line.

at 750 GeV. Next we calculate the single Z° longitudinal polarization using the generated
MC sample applying the known helicity projection operator Aoy [H]. The results modified
by the EDF are shown in figure fld for five Ecm regions, each having about 900 events,
where they are seen to follow the general behavior of the SM expectation shown by the
line drawn in the figure.

The reaction qq — Z°Z°, which finally decays into four charged (e*, u%) leptons, offers
another measurable variable namely, the distributions of the angle y between the two decay
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(see text); Right: The SM expectation of the angular distribution F(x) at Eem=200GeV of the
7970 system, averaged over the production angle cosf.

planes as illustrated in figure . These planes are obtained by first transforming the whole
event configuration to the Z°Z° center of mass system and then transforming each lepton
decay pair to the center of mass of its parent gauge boson. The angular distribution F'(x),
which is invariant under the transformation y — 7 — x, has the form [[LJ]

F(x) = 1+ Dcos(2x), (4.1)

where
D = 025X (p4q—— + p——4+4) - (4.2)

As seen from figure [i, in the framework of the SM the F(x) distribution at Ecm=200 GeV,
averaged over the production angle, deviates only slightly from uniformity and thus should
be very hard to detect. The study of F'(x) however may be quite useful in the case where
the Z9ZY pair is the decay product of a Higgs boson [[[4].

5. Detection of massive like-gauge vector bosons

In this section we discuss the expected effects due to the presence of a massive vector
boson in the s-channel on the produced SM di-gauge bosons final states. For the search of
directly produced beyond the SM gauge-like massive vector bosons, the reader is advised
to consult e.g. ref. [I] and its references therein.

5.1 The Z’ boson effect on the W+W ~ final state

The possible existence of heavy Z’ vector bosons have been, and still are, speculated in the
framework of several models [Ld, [[7]. Searches for such heavy bosons were carried out in
LEP2 and in the Tevatron which reported a lower mass limit in the region between 0.8 to
1TeV [[L§]. Whereas the coupling of a Z’ to fermions is expected to be similar to that of
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Figure 7: Features of the reaction gg — WTW ™ in the presence of an s-channel Z’, of a 1.5 TeV
mass and a width of 120 GeV, as a function of the WW Ecm. (a): o(gg — WTW™); (b): As (a) but
multiplied by Eem? to check unitarity; (c): The corresponding o(pp — WHW ™) at \/S_pp:14 TeV
modified by EDF from o(qqg — WTW™); (d): The single (continuous line) and joint (dashed line)
longitudinal polarizations as a function of the WW Ecm.

the Standard Model Z° (ZgM), its coupling to WTW ™ is estimated to be much weaker,
namely by a factor of about 100 to 1000 [[I7, [[g.

To illustrate the feasibility to detect a Z’ boson in the reaction pp — v/Z2,,/Z" —
WHW = we attributed to the Z’ a mass of 1.5 TeV with a width of 120 GeV having a SM
like coupling to fermions while setting its coupling to the W+ W ™ pair weaker by a factor
of 500 than that of the Z2,, boson. In figure [la o(qqg — v/Z%,;/Z' — WTW ™) is shown
and in figure [fo o(qq — v/Z3,,;/Z' — WTW ™) x Ecm? is presented to check the unitarity
requirement [I9]. The corresponding distribution of o(pp — v/Z2,,/Z' — WTW ™) arising
from pp collisions at the LHC is given in figure flc. From this figure it is clear that the cross
section signal arising from the presence of a Z’(1.5) in the s-channel is by far too weak to
be experimentally detected if only for the reason that the pp luminosity at the LHC will
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be known to ~ 10%. On the other hand, the longitudinal polarization of the W W~ final
state, shown in figure fid, reveals a signal that is by approximately a factor ten larger than
the SM one as is estimated from figure flc. Furthermore, the longitudinal polarization is
seen to increase with Fem beyond the Z’(1.5) energy unlike the case where only the Zg M
contributes in the s-channel to the W*W ™~ final state.

In addition to the possible existence of the Z’, the conjecture of Kaluza Klein Extra
Dimensions does also envisage the existence of massive excited Z vector bosons, labeled
as Z*. These couple to fermions as the Z2,, 0] and the mass of the lightest one of them
is currently estimated to be equal or larger than ~4TeV. Inasmuch that these massive
vector bosons do have a sufficiently strong coupling to the W+W = boson pair, they may
be detected as a resonance in the W+W ™ invariant mass distributions. If their coupling
strength to WTW ™~ is similar to that chosen by us for the Z’, then their longitudinal
polarization behaviour follows the one shown in figure fjd and could be instrumental in the
detection of these massive vector bosons.

5.2 The W’ boson effect on the W*Z0 final states

The existence of massive W’ or a W’—like bosons are now a common prediction of several
beyond the SM physics scenarios where their properties, and in particular their couplings
to fermions and their trilinear coupling W/W Z, are dealt with in various investigations [[[5].

Here we examine the effect of the presence of a 1.5TeV W’ vector boson in the s-
channel having a 120 GeV width which has a SM like couplings to fermions but a W/W Z
coupling smaller by a factor 500 than the corresponding WW Z one. The resulting cross
section for the reaction du — W/W' — W~ZY is shown in figure fa. This cross section,
multiplied by Ecm? is shown in figure b to verify the unitarity condition. The signal of
W' presence in the W~ Z° production in the pp reactions, seen in figure He, is far too weak
to be noticed. On the other hand, the longitudinal polarization signal at 1.5 TeV and its
behaviour at energies above it (see figure §d) is considerably higher than that expected in
the absence of a W’ gauge boson in the s-channel.

6. Summary

In the frame work of the Standard Model the reactions qqg — V'V’ are calculated via the
helicity amplitudes for the final states WTW =, W*Z% and Z°Z° to obtain their cross
sections and longitudinal polarizations as a function of their center of mass energy, Ecm.
These cross sections are transformed to the corresponding ones expected to be observed in
pp collisions at 14 TeV, by using our parameterizations for the gg Energy Density Functions.
These expressions for the EDF may also be useful for the opposite transformation, that
is, from the pp processes to the basic parton anti-parton cross sections.

Whereas in the LHC the cross section measurement accuracy depends above all on
the luminosity precision, currently estimated to be 10%, clearly one of the polarization
measurement virtues is its independence of the luminosity. The single and joint longitudinal
polarization of the V'V’ final states in pp collisions are seen to decrease and approach each
other as Ecm increases. Whereas at present the polarization measurements of the WTW~
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Figure 8: Features of the reaction dz — W~ ZY in the presence of a 1.5 TeV W’ with a width of
120 GeV as a function of the WZ Ecm. (a): o(du — W= Z%); (b): o(du — W~Z%) x Ecm? for
unitarity check; (c): o(pp — W~ 2°) at /S,,=14TeV modified via EDF from o(du — W~ Z2°);
(d): The longitudinal polarization. The solid line is pgo the single Z polarization, and the dashed
line is poooo, the joint W~ Z9 polarization.

final state are not feasible, they are accessible in the Z°Z° channel. Methods to measure
to a good approximation the longitudinal polarizations of the W*Z9 final state is likely to
be worked out in the future.

The effect on the production of the V'V’ states from the existence of s-channel massive
bosons like the Z’, W' and the ED heavy Z*, is studied with the results that the change
in the polarization structures are more pronounced than those seen in the behaviour of the
cross sections.
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