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II. Production of New Vector Bosons from Alternative Models.

P. Chiappetta, A. Fiandrino and P. Taxil

The existence of new neutral vector bosons is a common feature of many extensions of the Standard
Model (SM). In this report we have considered some effective models [1], introduced on the basis of
compositeness, wh'ch are based on a global SU(2)wi weak isospin symmetry broken down explicitely
to U(l)em via the mixing of the photon with the neutral member W^ of an SU(2)wi triplet of vector
bosons. Vector dominance is assumed, which implies

e =

where gw is the coupling of the W to the fermions and A^ is the mixing strength of the 7 to the
Low energy phenomenology implies that

One can also obtain the Yang-Mills structure for the W self interactions as a consequence of vector
dominance [2]. Therefore the effective lagrangian coincides with the one of the SM at tree level, the
ordinary W* and Z gauge bosons being viewed as isovectors under SU(2)wi • This picture can be
supplemented by the addition of isoscaJar neutral vectors Y(YL) which couple to the full hypercharge
current or only to its left-handed poit. Again vector dominance requires a relation between the coupling
strength gY and the mixing parameter XY

e = gY\Y

One can take Ay and the physical isoscalar mass My as the free parameters of the model. The physical
masses of Mz and My are obtained after diagonalization of the neutral sector. One gets

Ml =2 1 - A?.. - A' Ml

Ml, m
M2= —

where

( 1 - A

is the bare mass of the Y(YL) boson.
Since Z and Y(YL) mix , the resulting shift of the Z mass and the modifications of the Z couplings

to fermions will induce some important effects at the Z peak. They are under study at LEP [3]. Away
from the Z peak i.e. at LEP II or at a 500 GeV e+e~ linear collider in which we are interested,
the existence of interference terms between 7, Z and Y(YL) will induce some deviations from the SM
expectations. Our aim is to look for effects of isoscalar vector bosons in total cross sections, forward-
backward antl left-right asymmetries in the production of muon pairs, hadrons and W pairs. As we
will see, the measurement of these observables at a 500 GeF e+e~ linear collider will provide strong
bounds on the Y(YL) mass (depending on the values of Ay ) which are either comparable or sometimes
better than the LHC discovery limits [4].

Considering a V - A76 structure for the couplings of V(VL) t o the fermions, the various axial-vector
and vector couplings read

Ay = JL

My(IUy-Ml) f mY

1bY (My - TUy)(My - M^) bY (My - TUy)
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and the Az, Vz couplings of the Z to fermions become in each case

AY _ -e ^Y-K1 r VY _ c rn\
Az M\~m\hL Vz ~ b* M^ - n

A l

with

1 - A^ - XY -;-

Let us recall briefly the constraints on the (Ay, My) parameter space from present and forthcoming
experiments. As the y and Yj1 fermionic couplings increase for small Ay, one gets already some lower
bounds on Ay, depending on My, from neutral currents data Ay*'" « 0.1 for My « 500 GeV; Ay*"1 ss
0.01, for MY in the TeV range). The p i l en t precision measurements of the Z mass and sin2ôw

at LEP 1 yield some upper bounds on Ay , again as a function of My7(Ay*"* « 0.12 for MY »
500 GeF; Xy1"* « 0.68 for My « 3 TeV). Therefore isoscalar vector bosons lighter than 500 GeV
are practically excluded. The bounds on My^y^ versus Ay which can be obtained at LEP 1 (with
4 106Z) and from the exploitation of LEP in a high-luminosity configuration (yielding at least 25 106Z)
are shown in Fig.l[5]. It has to be noticed that these limits have been derived from appropriate
combinations of observables which are free from top and Higgs uncertainties [6]. Then at LEP 2 with
an integrated luminosity of 500 pb~x, as can be inferred from Fig. 2 [7], thanks to a careful study of
interference effects, the bounds will be already beyond 1 TeV over the full Ay range in the Yj1 case. In
the case of the Y boson, they will strongly depend on Ay but they can reach 3 TeV for small values of
this parameter.

At a 500 GeV e+e~ collider, the strategy will be similar to the one at
LEP 2. Various observables will be sensitive to the presence of a new massive vector boson, allow-
ing the discovery or the obtention of limits in the (Ay1My) parameter space. In the following, we
have assumed that an integrated luminosity of 20/6"1 will be reached. We hav» chosen the following
observable quantities with the corresponding estimated (statistical + systematic) errors :

a(e+e- - ^1T) — = 1.3%
a

a(e+e- -> 5 hadrons) AR
H — T-J T —=r- = i.O/0

a(e+e~ —* H+(i~) R
Concerning asymmetries, only statistical errors will be taken into account. We have considered the
forward-backward asymmetry for muons A^B with AA£B — 0.5% and the left-right polarization asym-
metry for hadrons in the final state A£R (assuming a polarization of P = 50%) with A-A£H = (0.3%)/P.
When "muons" are concerned, in fact the three charged leptonic channels have been taken into account
to increase the statistics. We have also considered R5 to get rid of the uncertainty due to the top mass
: of course, we assume that top events will be isolated without too much difficulties.
The 90% CL. limits we obtain from these observables are given in Fig.3 for the Y case and in Fig.4
for the Yj1. In the absence of polarization the most stringent bounds are obtained from the muon cross
section measurement in the Y case and from A^B\n the Yj, case. The spin asymmetry A^a can be of
some help, essentially in the Yj1 case, when Ay reaches large values (Ay > 0.4).

In the most part of the Ay range the discovery limits are quite impressive. They can be compared
with the limits which can be reached at LHC in each case [4].

- Y model
For small values of Ay : My > 7 - 17 TeV (LHC : 4 TeV)
For large values of Ay : My > 2 TeV [LHC : 3 - 4 TeV)

- Yj1 model
For small and large values of Ay : My > 8 - 10 TeV
Intermediate values of Ay : My > 5
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Fig. 1 Bounds on M^y 1 ) versus Ay at LEP 1 from now to the case of a High
Luminosity phase (MAX) (from Ref. 5).
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Fig. 2 Mass limits versus Ay at LEP 2.
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In this case the LHC limits are around 4 TeV.
Therefore, the discovery limits are in general better than at LHC provided the experimental accuracies
we have assumed are indeed fulfilled.

We have also studied the sensitivity of the reaction e+e~ —* W+W~ to the presence of the isoscalars
Y and Yj, when one of the W s is decaying into leptons and the other one into jets. Still assuming an
integrated luminosity of 20/6" 1 , we have considered the following observables :
- total cross-sections for WTWT, WTWL and WI1WL modes. The assumed systematic errors are 1% for
luminosity, 1% for acceptance and 2% for the leptonic branching ratio.
- the forward-backward asymmetry AFB
- the left-right asymmetry Ai1R assuming a 50% degree of polarization.
Unfortunately, due to the large systematic errors, the 90% C L . limits we obtain lie in a domain of
values in the (Ay, My) parameter space already excluded by LEP.

The case of an excited boson Z* which would correspond to the neutral member of the first radial
excitation of the weak W- triplet in composite models has also to be considered [8] . The Z* couples to
the weak isospin fermionic current with a strength gwi and after introducing an arbitrary mixing A^*
between the photon and the Z*, vector dominance requires :

— e

Assuming the duality relation, in analogy with strong interactions dynamics [9]

one is left with two extra parameters Mwt and Xwi, LEP 1 will put a bound of 600 GeV on Mz*
whereas LEP 2 will reach the limit of 900 GeV for the Z* mass [7]. Due to the rapid increase of the
width with the Z* mass the 500 GeV e+e" collider will not significantly improve the LEP 2 bound.
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Pig. 3 90 % CL. discovery limits at 500 GeV with C = 20 fb l for the Y boson.
Limits from : a(e+".~ —* ^+M - ) (solid curve), -A^8 (dotted curve), R5 (dashed
curve) and Ah

LR with P = 50 % (dot-dashed curve).
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Fig. 4 Same as Fig. 3 but for the Yi boson.


