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Abstract

We study the production cross-sections at future hadron colliders for Wg and
W gauge bosons associated with two low-energy groups arising from the breaking
of Es superstring. Discovery limits are given at LHC and SSC using estimated
machine luminosities. Our results are compared with previous studies.



1. - Introduction and conclusions

The possibility of observing new neutral gauge bosons has been recently
considered with renewed interest in the perspective of the future hadron col-
liders LHC and SSC. The phenomenological implications of various classes of
models that provide interesting scenarios of new physics beyond the standard
SU(3) x SU(2) x U(1) have been examined in detail, particularly in the frame-

work of superunified gauge theories.

The aim of the present paper is to study the production at LHC and SSC
energies of the gauge bosons associated to two classes of superstring-inspired Eg
models, and compare the corresponding discovery limits at the expected ma-
chine luminosities. The first model is the so-called alternative left-right model
(ALRM), where the normal bounds on the Wg mass do not apply, as in the
standard SU(2)  x SU(2) g x U(1) ;g model, because of the absence of mixing
with the usual Wy, . This model takes advantage of the ambiguity existing in the
assignment of fermions in tﬁe 27 representation of Eg and leads to interesting
phenomenological consequences at the future multi-T'eV colliders, particularly if
the exotic matter sector is not very heavy. In the second model the additional
SU(2); subgroup of Eg which is obtained at relatively low energy has generators
that commute with the electric charge [1]. The corresponding flavour-changing
non hermitian gauge bosons Wiy, W; couple the conventional fermions to their

exotic partners of the 27 representation of Eg.

For both models we only focus on the flavour changing bosons Wg and W;
production and our results show the similarity of the expected effects from the
two classes of models, with discovery limits up to masses of 1.2 — 2.5 T'eV, for
both hadron colliders. We also compare with previous studies of the production
cross sections at SSC and LHC, and in particular we get larger results than
those obtained in ref. (2]

2. - The left-right symmetric model

We start with the SU(2); x SU(2) p x U(1)y model. The quantum number
assignments for the 27 representations of Eg appropriate to this model [3] are
given in Table 1 from ref. [4]. Within the context of all possible left-right

(LR) symmetric realizations of the E¢ superstring, the quantum numbe}*s of the



Table 1: The quantum numbers of the 27 fermions, as given in ref. [2].

Ty 4 Tag Yr B B L
L : 3 - 0 0
E¢ 4 -4 i 4 - 0 0
¢ 0 1 i L + 0 -1
T S SR SR SRS ]
Ve % “% “% % + 0 1
n 0 ! -1 ! - 0 0
E -1 -1 0 -1 ~ 0 0
vE % —% 0 —% - 0 0
N¢ 0 L 0 -1 +(=) 0 -1(0)
u 3 L 0 0 + L 0
d -1 L 0 0 + L 0
h 0 -4 0 0 - L 1
u’ 0 0 —-% —% + --;- 0
h¢ 0 o 1 -4 - -1 -1
d 0 0 0 i + -4 0

ALRM are uniquely determined from assigning the usual fermions (v,) ;, e, d°L,
to that part of the 27 representation which transforms as a 10 tinder SO(10) and
a 5 under SU(5), whereas the exotic counterpart of these fields, i.e. the heavy
fermions (vg);, Er, hty, are assigned to the (16,5) term in the decomposition
of the 27 of Eg into SO(10) and SU(5) subgroups.

The choice above interchanges the role of the fermions, with respect to the
assignment leading to the conventional LR symmetric models [5]. This produces
some distinctive physical consequences that separate this realization of the LR
model from the conventional one. The most important inequivalence between
. the two realizations is to be found in the physical properties of the Wx charged
boson, especially the absence of mixing between Wx and Wy. For this reason we
focus, in the present work, on the production and possible detection of Wg at
LHC and SSC colliders.

Strong bounds on the mass of the Wg boson in the conventional LR model
were obtained from existing experimental data on the K%— K0 in ref. [6]. Taking

into account short distance QC D corrections yields an even stronger constraint on



the Wx mass [7]. However, a recent evaluation of the hadronic matrix elements

using QCD sum rules [8] gives a considerably lower bound than that of refs.
| [6,7]. Other mass limits on Wg of the conventional LR model are coming from
polarized p-decay [9] and from other low-energy phenomena [10], but they are
all less stringent than the constraint put by the Ky — Kg mass difference.

In the alternative LR symmetric model (ALRM) the Wx has negative R-
parity and nonvanishing lepton number. This means that there cannot be any
mixing of the Wg with the usual W. The W boson does not couple to the d¢y
quark nor the v¢ field. Hence, the above arguments from low-energy phenomena
do not constrain the mass of the charged W boson of the ALRM model. In this
model Wg is coupled instead to the h¢y, leptoquark and the n field, in addition

to the usual #°;, and e¢ particles. The coupling of Wg to fermions reads

1. _ _ - _
L = Eg}.@,gWR"(hw,,u"z; + Ecywy + eyung + Ncm,,eL) + h.e.. (1)

where gp = g7, = g, g denoting the usual SU(2)}, coupling constant.

The exotic fermions h, E, Nz and the boson Wp obtain masses from the
same scale. These particles are heavy compared to the n mass, which is expected
to be of a few GeV order. This fact has important consequences for the Wp

decay modes.

3. - Associated production of Wg and leptoquark

The dominant Wg production mechanisms are g+u — h+Wgr* and g+ 2 —
h + Wg™ . Note that the quantum numbers of Wg and the conservation of R-
parity imply that the production of Wy from ud scattering in hadronic collisions
cannot take place. The production of Wg-pairs via the decay of a Z' is forbidden
as well, owing to kinematical reasoiis, i.e. 2Mw, > Mz. Finally, production of
the W boson via uh scattering is suppressed, owing to the smallness of the h,k

sea.



The differential cross-section of the process ¢ + v — h + Wgt reads

dt = 167s?

< |Mrg|?>, ()

where the amplitude is obtained from:

GrMw? | t s m2 mp2
SEVW gray| - [ £+ 2 ) 2 iy
3‘/5 wo, i P + 7 + MWR2 MWRZ

. nyt 1 1
2| 2Mw,? — myt — 2k 4=
+ ( We i My,2 st a

2 My i 2N 2 o 4
+ st’( My 2 + 3mp’Mw,? - 2My,

< |MLR.2 > =

+ 27A — mp? + 2My :
2\ My, h We
(3)

Here we define t' = t — mj2. Next, we discuss the kinematical aspects of our

calculation and give some details on the phase space.

The partonic cross-section is obtained by integrating eq. (2) in ¢’ between
the values ¢y, t5 [2]

(4)

1
2

Then, the total hadronic cross-section is deduced, as usual, by convoluting the

partonic cross-section with the parton distribution firictions, as

1
o ~ / dzy dz, [u”(zl)g"(:cz) + g”(zl)'u”(mg)}&(xlxzs) , (5)

where S is the c.m. energy squared, s = z,z,5, and we denote by u?, g? the

parton distribution functions relative to the proton.



In carrying out the actual computation, we use the equation

Y =3yl .
o = / dy / dr [u”(xl)gp(xz) + g”(xl)u”(zz)]a(xixzs) , (6)
-Y Tmin

where we apply the rapidity cut given by

Y = min(Z.S,—%lnxm;n>, (M
with

Tonin =

2
(mh + MWR) . (8)

U =

Furthermore, one has
Ti2 = \/Ee*y . (9)

Note that u? receives contributions from both valence and sea, whereas only the
sea contributes to @?, so that u? > @?. Hence, the cross-section for the associated
production of Wx™ and h is larger than the production cross-section for W™ and
. This is well illustrated in Fig. 1,2 for LHC and SSC energies, respectively.

For the numerical results presented here, we have used the distribution func-
tions from ref. [11], with Agcp = 160 MeV. The parton densities of Duke and
Owens [12] with Agcp = 200 MeV, lead to results differing by less than 10%.
from those plotted in Figs. 1 and 2. Note that with a typical branching ratio
(BR) of about 1%, obtained by estimating the individual BR for the h and Wg
particles into an observable final state to be of order 10%, we can give discovery
limits for the Wg mass. Assuming the minimum value for the observed cross-
section at LHC to be 0,5, ~ 10~4pb, then the Wx™ could be detected up to a
mass of about 2 — 2.5 TeV, and the W™ would be observable in the range below
My,~ =1 — 1.5 TeV (see Fig. 1), depending on the leptoquark mass. With a
luminosity lower by a factor 10 at SSC, with respect to LHC, one should be able
to measure cross-sections with values as small as 10~3pb at SSC. Using Fig. 2
one realizes that the Wg discovery limits at SSC with a luminosity of order 1033
are not dramatically higher than those given above for LHC with luminosity of
about 1034, This is summarized in Table 2. We substantially agree with the
results of ref. [4]. v
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Fig. 1: Cross-sections at LHC for pp — W2 (full) h and pp — W (dashed) h
as a function of My,. The three different curves, from the upper to the lower
curve, correspond to my = 0.3, 0.6, 0.9 TeV, respectively.
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Fig. 2: Same as Fig. 1, except at SSC.



Table 2: Discovery limits for Wg and Wy at LHC and SSC.

- - W
l \V't V‘N,t i Wl+
LHC 2-2.5 TeV 1- 15 TeV 1.5- 2.2 TeV 1-15TeV
SSC 25-3TeV 1.2-2TeV 3-25Tev |  1.2-2Tev

Next, we turn our attention to the possible final state signatures. The decay
modes of the leptoquark h depend on the superpotential. If the N.¢in Table 1

is given negative R-parity, then the possible final state signatures are [13]

a) jet + 1~ + gy,

. b) jet + e + gr.

These are obtained from the decay modes

a)h—d + b,

b)h—u + &,

which dominate, in the assumption that sleptons are much lighter than squarks.
If one assigns positive R-parity to the N,¢, then the decay h — d + N, is also

possible.

The Wg decay modes deperid on the mass of the n. This is expected to be
smaller than the mass scale of the Wy, hy E and Ng by at least one order of
magnitude {3,4]. Although there are no direct experimental constraints on the
Wg mass, one can still put an indirect limit using the Z’ mass bound. Hence,
by pﬁrely kinematical reasons, owing to phase-space suppression, the largely

dominant decay mode is expected to be the one involving n, instead of h, E, Ng

Wgrt —er™ + np.




The estimated branching ratio for this mode is larger than 10%. This yields the
possible final state signatures

a) Wt = et + v + gr(3) ,

if the LSP is, for example, the photino 4 and the n decays before leaving the
detector, or

b) Wt — et + gr(n),

if n is a mass eigenstate and either it is the LS P and hence it is stable, owing to
R-parity conservation, or it has a mean-life long enough to escape the detector

before it decays. Clearly the mixing of n with 4 and the remaining neutralinos
is needed.

The partial widths for the W-decays can be expressed in terms of the ratio
between the Wg and Wy mass. Denoting by n; the number of generations of
heavy exotic fermions k, E, N, one has [14]

I'(Wg — fermions) = (0.69 + 1.15n,) GeV x [ M, ] . (10)
M,

Neglecting phase space effects, one also finds [14]
T'( Wg — gatge bosons and Higgs ) = 0.23 GeV x My | (11)
L

as well as

['(Wg — SUSY partners) = 1.74 GeV x [ My, ] . (12)
Wi

Taking My, = 2 TeV, together with the experimental value My, = 80 GeV,
one gets [';pt(Wg) = 70 (150) GeV for ny, = 0 (3) . Combining the h-decay and

the Wp-decay gives rise to a final state with a very large invariant mass.

4. - Production of flavor-changing neutral gauge bosons

Recently, there has been some interest for the flavor-changing gauge boson
W arising from the SU(2), x U(1)y x SU(2); model [2]. This low-energy gauge
group can arise when breaking Eg, and the generators of SU(2); commute with
the electric charge [1]. The pair of conjugate non-hermitian gauge bosons denoted

by Wi and WIT correspond to the non-diagonal generators of SU(2); . Wy has
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negative R-parity and non-zero lepton number L = —1. It couples to fermions

according to the lagrangian
1 ; - , , -
L = -\/—_é-gWI“(h'y,,dR + evuEL + Dyu(Ng)y + ucfy,‘n"'L) + h.c., (13)

where g is the usual SU(2) coupling constant and it has been assumed that
both SU(2) factors of the low-energy group originate at a common scale from
the breakdown of a larger group. .

The dominant W[ production mechanisms are g +d — h+Wyrand g +d —
h + WjT. These parton-level processes give rise to the spin'and color averaged

matrix element

GpMpy? t! s\ my2 m2
< IMi2> =" dna,| - | — + = 2 : -2
4
3 g _ My 1 1
+2(2MW’ mh MWJZ)(S ¥ ﬂ)

2 my8 2 2 | 4
+ ;ﬁ( - MW,Z + 3mp*Mwy,* — 2My, s

(14)
where t! = t — mj2 Comparison with eq. (3) shows that the percentage
difference between the production cross-sections for Wy and Wp is generally small,
especially if the mass of the leptoquark h and the mass of the Wg gauge boson
have values of the same order of magnitude. As it is easier to find a d-quark,

rather than a d-quark in the proton, we expect for the production cross-sections

o(Wp) > a(W;T). This is confirmed by the explicit numerical results in Figs.
3,4. Comparison with Figs. 1,2 also confirms the similarity of the results for W

.production with the cross-section for Wp.

Once again the production of flavor-changing neutral gauge bosons (Figs.
3,4) yields numerical estimates of the same order of magnitude at LHC and
SSC, owing to the different luminosities for the two hadron colliders. Note that
our numerical results do not agree with those reported in Figs. 2, 3, 5, 6 of ref.
[2]. In the r.h.s. of eq. (5) of ref. [2] a factor 4 is missing, with respect to the
production cross-section obtained from our eqs. (2,14). This is also repeated in

eq. (2.95) of ref. [14]. The discrepancy approximately accounts for the difference

in the numerical results obtained in refs. [2,14].
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Fig. 4: Same as Fig. 3, except at SS5C.

The signature of the final state is obtained combining the decay of the lepto-
quark with the decay of the W} boson, as in the previous case of W g production.
The decay of h proceeds in the same way as in sec. 3, whereas the decay of W
yields several charged leptons, in addition to missing pr originating from photi-
nos and neutrinos, in the final state. Using an estimated BR of 1%, Figs. 3,4

yield discovery limits for the flavor-changing gauge bosons, also summarized in
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Table 2. We find that, at both hadron colliders, W will be observable up to a
mass of 1.5-2 TeV, whereas for WIT the discovery limit is given by a mass of

about 1-1.5 TeV, depending on the leptoquark mass.
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