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Abstract

We examine the LHC discovery potential for nev= 2/3 quark singlets in the procesgg,qq — TT — WHbW b,
with one W boson decaying hadronically and the other one leptonically. A particle-level simulation of this signal and its main
backgrounds is performed, showing that heavy quarks with masses of 500 GeV or lighter can be discoveredav¢hafter
a few months of running, when an integrated luminosity of 3%ts collected. With a luminosity of 100 fb, this process

can signal the presence of heavy quarks with masses up to approximately 1 TeV. Finally, we discuss the complementarity
amongT' T, Tj production and indirect constraints from precise electroweak data in order to discover a new quark or set bounds

on its mass.
0 2005 Elsevier B.V. All rights reserved.

1. Introduction

The Large Hadron Collider (LHC) will be a pow-
erful tool to explore energies up to the scale of a few
TeV. It is expected to provide some striking evidence
of new physics, for instance, of a light Higgs boson,
in its first months of operatioifil,2]. Among many
promising possibilities for the discovery of new parti-
cles, LHC will offer an ideal environment for the pro-
duction of heavy quarks. New quarks of either charge
can be copiously produced in pairs through QCD inter-
actions, namely via gluon fusion and quark—antiquark
annihilation, if there is available phase spd8¢d].
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Up-type quarks” can also be produced in association
with light jets, e.g., in the processgs — ¢'T, ¢'b —
gqT (here and throughout this Letter=u,c, ¢’ =
d, s), provided their mixing with the bottom quark is
sizeable. New interactions may also bring about fur-
ther production mechanisms. The prospects for heavy
qguark detection depend on the production processes
(with their respective cross sections) as well as on the
decay modes (and their relevant backgrounds), which
are distinctive of the Standard Model (SM) extension
considered.

The presence of a fourth sequential generation is
disfavoured by naturalness arguménasid precision

1 For afourth quark generation, anomaly cancellation requires the
simultaneous presence of a lepton doublet. LEP measurement of the
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electroweak data, which leave a small window for the quark masses of 500 GeV and 1 TeV. Finally, the re-

new quark masses consistent with the experimental lation between?'T', Tj production and indirect con-

measurement of the S, T, U parametfks On the straints from the T parameter will be discussed.

other hand, heavy S@); quark singlets with charges

0 =2/3 orQ = —1/3 can exist with a moderate mix-

ing of order 102-10"1 with the SM quarks. Here we 2. SM extensionswith Q =2/3 singlets

are concerned with the first possibility. Models with

large extra dimensions with, for examplg, in the The addition of two SR),. singlet fieldsT}  to

bulk predict the existence of a tower ¢f= 2/3 sin- the quark spectrum modifies the weak and scalar inter-

gletsT,"). If there is multilocalisation the lightest one ~ actions involvingQ = 2/3 quarks. (We denote weak
o eigenstates with a zero superscript, to distinguish them

(
T.LsR gi’:m h.a\./e a Thafr? cif 300 GeV 9rrhlarg|er, anfd 4 from mass eigenstates which do not bear superscripts.)
sizeable mixing wi € top quaik]. (The class o Using standard notation, these interactions read

extra-dimensional models having a light= 2/3 sin-
glet mixing with the top quark is enlarged when cor- £ = _i[ﬁyMVPLdle + JyMVTPLuWM—],
rections localised on the branes to the kinetic terms of V2

fermions and bosons are taken into accduh) Little . _iﬁ wlxpr — ‘_‘S2 1 uZ
Higgs modelg8] include in their additional spectrum ~ ~2 = 2¢y "/ Lo giwiaa o
an up-type singlet, which is expected to have a mass u 8 [ MUX P, + XM PuH, )

of 1 TeV or larger. Quark singlets also appear in some - 2Mw
grand unified theorief4,9]. Their effects in low en- \wherey = (u, ¢, 1, T), d = (d, s, b) and Pr = (1 +
ergy and top physics have already been stufliji In ) /> The extended Cabibbo—Kobayashi-Maskawa
this Letter we address their direct observation at LHC (ckm) matrix V is of dimension 4x 3, X = v V'
through pair productiogg, g — TT [11]. is a non-diagonal 4 4 matrix andM" is the 4x 4

We note that for heavy quark masses > 800 giagonal up-type quark mass matrix. The new mass
GeV and a coupling to the bottom quaW, of the  ejgenstater” is expected to couple mostly with third
size suggested by the experimental measurement ofgeneration quarks b, becausd™?, 79 preferably mix
the T parameter, single productionpp — Tj hasa iy, 12, 19, respectively, due to the large top quark
larger cross section than pair production and can then mass.Vr, is mainly constrained by the contribution

explore larger mass scalg,13] ThereforeI'j pro- of the new quark to the T parame{@n,14]
duction will eventually set more stringent limits (albeit

dependent orVr,) on heavy quark masses if a pos- T_— ¢
itive signal is not observed. However, two important 16nsﬁ,c§v
points have to be remarked: (i) tt%&j cross section — X720+ O, yt)}, @)
is proportional td V|2, hence for small mixings this
process becomes less relevant; (ii) pair production has P X i ]
the best sensitivity to the presence of new quarks hav- Mz)", m; beln% theMSZmass of tge quark at the
ing masses of several hundreds of GeV. If new quarks scaleMz, | Xir|= = Vrp|*(1 = [Vrs|%) and[14]
exist in this mass rangd;,T production would allow _ 2y1y2 n

to observe a signal in a rather short time. 0+ (1. y2) = y1+y2 = Y1 — o lo v ®)

In the following we briefly review the mixing of  The experimental measurement10.12+ 0.10[15],
the new quark, its interactions and decay modes. Af- pptained setting & 0, implies T< 0.28 with a 95%
ter summarising the relevant aspects of the signal andconfidence level (CL), and the corresponding limit
background generation, we will present our results for |v;,| < 0.26-018 form; = 500-1000 GeV (see also

Ref.[16]).2 Mixing of T2 with u?, ¢?, especially with

Vs P04 (7 y6) — 04O vb)]

where N, = 3 is the number of coloursy; = (in;/

Z invisible width sets the number of light neutrino species to three,
and additional neutrinos must be heavier than 45 @gVin sharp 2 The new quark contribution to U is much smaller, of order40
contrast with the smallness of the light neutrino massess 1 eV. [10], thus it makes sense using this value for T. If we take- T
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