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We present the results for two searches for massive patinl@p collisions at the Tevatron
collider: the search for a massive quark decaying to W bosahasother quark, and the search
for the production of a heavy YWjauge boson that decyas into a top and a bottom quark. In the
former, we focus on a fourth generatiohduark decaying into a top quark and a W boson, and
set lower limits on its mass, and on a heavy vector-like quesgaying to W boson and a first
generation quark. In the latter, we analyze the final sta@riant mass distribution and set upper
limit on W’ production cross section times branching ratio. Lowertsngn W mass are also
derived for different hypotheses on the helicity of the hebwson.
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Searches for b’ and W at the Tevatron

1. Introduction

Despite its great success in the prediction of the phenomena observed higkhenergy
physics experiments carried on in the last forty years, the standard robtiel elementary parti-
cles can not be considered a fundamental theory. Many possible iexten$ the standard model
have been proposed, a number of which predict a fourth generatfemaibns, or additional heavy
gauge bosons.

In this paper, we describe the latest searches for massive quarkeawyl charged bosons at
the CDF [1] and DO[[2] experiments of the Tevatron collider. In Section B, @DF searches for
heavy quarks are presented. In the first one, the pair productiorfamfrth generation bquark
decaying into a top quark and a W boson is considefef] [3, 4], while in trendeone, the single
production of a massive vector-like quark decaying into W boson plustg@neration quark is
investigated[[5]. In Section 3, the latest CDF and DO results for the sesaafa heavy charged
boson W decaying into top and bottom quarks are discusfefl [6, 7] for sevgpatireses on the
new boson helicity.
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Figure 1: Upper limits at 95% C.L. on the produc- Figure2: 95% C.L. limit on productio cross section
tion cross section of a fourth generation quatk b of new heavy quarks as a function of their mass.

2. Searchesfor a Fourth Generation Quark b’

A fourth generation of fermions is predicted by several theory beyoadstandard model.
Since a low mixing with light quarks is suggested from constraints from the @kd¢tix, fourth
generation quarks'lin pp collisions are expected to be produced mainly in pla(iﬂsand to decay
into a top quark and a W boson. After top decay, four W bosons arempras the events. CDF
searched bproduction evidence in 2.7 f§ of data for final states with two W decaying into
opposite sign leptons and two W decaying into quarks, and in 4.8dbdata where only one W
boson decay into leptons. The jet multiplicity and the total transverse enéjgispleptons and
neutrinos (measured by the missing transverse energy in the event)eareoudiscriminate the
signal production from background processes and derive upperdimits cross section. Figuf¢ 1
shows the results for the lepton+jets channel. Finally, a lower limit on the make |iff is set at
385 GeV/é.
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Figure 3: Observed upper limits on Wproduction ~ Figure 4: Observed limits on the\g/gw ratio as a
Cross section times branching ratio at CDF. function OfW mass. The regioningray s excluded.

Heavy quarks with vector-like couplings to the W boson are exploited by shewies to
avoid mass limits from perturbativity in Yukawa couplings. Recent models witlpedextra
dimensions allow sizable mixing between these quarks and the first genevaésifiB]. The CDF
collaboration searched for vector-like quarks decaying into a W bolsredight quark in 5.7 fb!
of data, by selecting events with one isolated lepton plus large transvenggy érom the leptonic
decay of the W boson, and two jets. The invariant mass of the reconstffirthé states is used to
discriminate signal from background events. The upper limits on singleyhtmqaark production
cross section are shown in FigJte 2.

3. Searchesfor Heavy Charged Bosons W’

Heavy charged bosons'Vire predicted by many theories beyond the standard model. The
decay to a top and a bottom quark is sensitive to both left and right-hamadgdirgs to fermions
and has been exploited by the CDF and DO collaborations to search foivenakarged boson
production by using the same data selection as for the observation of sipgteaduction [P]:
one isolated high-plepton, large missing transverse energy and two or more jets, one of which
identified as a jet from b quark hadronization.

CDF set upper limits on a right-handed Woduction by fitting the observed invariant mass
distribution of the tb system (see Figlite 3). When standard model coupliegssumed (g =gw),

a lower limit on the Wmass is also set at 800 (825) Ge¥/ikcthe mass is greater (lower) than the
right-handed neutrino mass. Finally, the assumptions on thedplings are relaxed and lower
limits on the gy/gw ratio are derived as a function of the’ Wiass (see Figuflg 4).

DO analysis uses a multivariate discriminant based on boosted decisiornaresance the
sensitivity to W production. Eleven values for the left(right)-handed coupling parans&t®r=
gLAE,R)/g\N are scanned from 0 to 1 in steps of 0.1 to set upper limits on therdduction cross
section. Results for a pure right-handed &lve shown in Figur¢]5 as an example: a lower limit
on the W mass is correspondingly set at 885 (890) Gé\ffithe mass is greater (lower) than the
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Figure 5. Observed 95% C.L. limits on a right- Figure6: Contour plot of 95% C.L. lower limits on
handed Wproduction cross section at DO. W' mass in the (aaf) plane.

right-handed neutrino mass. Finally, the lower limits on the heavy boson nrasi thee values of
couplings considered are summarized in Fid{ire 6.

4. Conclusions

We presented the latest searches for heavy quark and charged frosiction beyond the
standard model at the Tevatron collider. World's strongest limits have eteon the masses of a
fourth generation quark fmy > 385 GeV/€) and massive charged bosori (M, > 885 GeV/¢é,
My, > 863 GeV/@). There is still a great potential to exploit for future searches, more titatte
analyze and more channels to investigate, which could eventually lead tohyswpdiscovery in
the next years.
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