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We present two searches for new phenomena in events whosethites are similar to those
where top quarks are produced, either in pairs or singly, dawhy according to the Standard
Model. Both searches are conducted by the DO collaborasamyp collisions at,/s = 1.96
TeV at Fermilab’s Tevatron collider. The first is a searchpfair-production of a fourth generation
t’ quark that decays to\W boson and a down-type quark, while the second is a searchvir a
gauge boson that decaysttB In the absence of any compelling evidence of signal, we &t n
upper limits on the production cross sections and trangfetse into limits on the mass of the
fourth generation quark, and the mass of\ifeboson, respectively, in a variety of models.
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1. Introduction

The existence of a fourth generation of fundamental fermions with theineuteavier than
half the mass of th& boson has not been experimentally ruled out yet. Precision electrowéak d
favour a small mass splitting between the up- and down-type quarks oaidocith generation, so
thatm(t’) —m(b’) < m(W). If moderate mixing between the fourth generation and the first three are
allowed, then th¢' quark will predominantly decay %/ q whereq includes all down-type quarks
in the Standard Model (SM). In Sec. 2 we describe a search for paiuption of such’ quarks in
5.3 fb~! of pp collision data at/s = 1.96 TeV collected with the DO detector at the Tevatron [1].

TheW, a mediator of weak interactions, is the sole fundamental charged bosoa 8Mh
Many extensions of the SM contain additional charged vector bosonsrajly calledW’, that
are heavier than thé/. The chiral structure of the coupling between Weéand fermions varies
between models. In Sec. 3 we present a searckifors th decays, which are sensitive to both
left- and right-handed couplings regardless of the existence of a lidittmanded neutrino. This
search uses 2.3 b of pp collision data collected with the DO detector [2].

2. Search for at’ quark

The final state opp — t't’, with eacht’ decaying tdV g is similar topp — tt except for hav-
ing fewerb quarks. The kinematics are somewhat different, depending(i. We assume the
width of thet’ to be small compared to the detector’s resolution and use the Iéptar(trino+jets
final state { = e, u). This final state arises when one of the tWdbosons decays into an electron
or a muon and the associated neutrino, while the other decays into a quiapkaak pair. Recon-
struction of the leptons and jets are described in Ref. [1]. The presdrice undetected neutrino
is inferred from the net imbalance of momentum in the plane perpendicular toeta axis.
We require candidate events to contain exactly one clean isolated leptopwiti20 GeV and
In| < 1.1(2.0) for electrons (muons), at least 4 jets wjth > 20 GeV andn| < 2.5 including at
least one withpr > 40 GeV, andgr> 25 GeV. Table 1 shows the data sample together with the
estimated contributions from all these SM processes.

Table 1: Composition of the final data sample for tHesearch. The number &f+jets events is chosen to
equalize the total number of events observed and expected.

Source etjets u+jets
tt production 67876 508t55
Singlet production 124 8+3
W+jets 503t87 648t59
Z+jets 417 40+7
WW, W Z, ZZ+jets 255 2145
Multijets 173t42  43+18
Data 1431 1268

We defineHr as the scalar sum @ and of the transverse momenta of all jets and the charged
lepton. A kinematic fit to thé't’ — ¢vbgg'b hypothesis reconstructs the mass of thet’ quark.
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We use the two-dimensional histogramsHgf versusi;; to test for the presence of signal in the
data and to compute 95% C.L. upper limits on th@production cross section as a function of
t’-mass. For each hypothesized value of theass, we fit the data to background-only and to
signal+background hypotheses. We then useCthemethod [3] to determine the cross section
limits. Using pseudoexperiments, we determine the probability to measure vdluethat are
larger than the value observed in the data sample fosignal,CLs,, and for not’ signal,CLy,.
The value of the’ pair production cross section for which-ICLs, ,/CL, = 0.95 is the 95% C.L.
upper limit. We repeat this procedure for edthass point.
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Figure 1: Observed and expected upper limits and predicted vaIuetIaédrtTproduction Cross section as a
function of the mass of th quark ¢ andu channels combined). The shaded regions around the expected
limit represent thet1 and+2 standard deviation bands.

Figure 1 shows the resulting cross section limits compared to the limits expectealstrece
of t't/ production and to the predicted NLUOpair production cross section [4] as a function of the
t’ mass. Based on the observed limits we can exclude at the 95%/CCroduction fort’ quark
masses below 285 GeV. We achieve the best fit to the data W’lt_hpioduction cross section of
1.1+ 0.5 times the theoretical cross section far guark mass of 325 GeV, where it corresponds
to 2.2 standard deviations from zero.

3. Search for aW’ boson

Independent of specific models, the most general lowest-dimensioangign of aV’' boson
with fermion fields is given by

Ow -
&L= 2”\[ fivu(@ (14 y°) +a5 (1— y))WH, (3.1)
whereaI"J/R are the left/right handed couplings of tié boson to the fermion doubldt and fj,

andgy, is the weak coupling constant of the SM. If the fermions are quarks (Iepttrenv;; are
the elements of the 8 3 CKM (identity) matrix.
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We have searched for events in whictWaboson is produced and subsequently decayb,to
followed byt — WbandW — /v, where/ = eor u [5, 6, 7]. Event characteristics are similar
to thet’ search described above, except that now we have fewer jets in the buetwo of the
jets are initiated by quarks. Accordingly, we select events with at least 2 jets with> 15 GeV
and|n| < 3.4. At least one of the jets is required to hgwve > 25 GeV, and at least one must be
tagged as &-jet candidate. At least one clean isolated muon with> 20 GeV andn| < 2.0 or
a clean isolated electron wity > 20 GeV andn| < 1.1 is required, together witpr>25 GeV.

If the event has more than two jets, then the electrprihreshold is relaxed to 15 GeV, and the
pr threshold to 20 GeV. The event yield, together with estimated contributions\fesious SM
processes, is summarized in Table 2.

Table 2: Estimated composition of the final data sample forW{esearch.

Source events
tgb production 26.42.5
tt production 424.158.4
W+jets 279.5%18.3
Z+jets 26.6£3.2
WW,W7Z, ZZ+jetS 13.6:1.6
Multijets 60.5:10.8
Total SM background 83662
Data 831
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Figure 2. Observed and expected upper limits and predicted valuethédV’ production cross section

as functions of the mass of tWM&’ boson € and u channels combined). The shaded band represents the
uncertainty folW’ bosons with (a) purely left-handed coupling, (b) purehhtipanded coupling, and (c)
mixed coupling.

We vary botha- andaR between 0 and 1, in steps of 0.1, for eath boson mass value.
Considering each combination of these settings as a model, we vary the tssisection of-
channelb production to determine the expected and observed 95% C.L. upper limits.aCiogp
these to theoretical prediction for cross sections we extract the the fofamnits (assuming
m(W’) > m(vr), when right-handed couplings are allowed), as shown in Fign@yV’) > 863
GeV for purely left-handed couplings)(W’) > 885 GeV for purely right-handed couplings, and
m(W’) > 916 GeV if both left- and right-handed couplings are present.
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4. Conclusion

DO has searched for a pair-produced fourth generatiqnark decaying tV g with exactly
one of the twaV subsequently decaying leptonically, in 5.3 #wf pp collision data. While a- 20
excess over background predicted by the Standard Model is obsiertbe muon channel, the
electron channel is most consistent with no signal. Combining the two chatirgs production
with m(t’) < 285 GeV is excluded at 95% CL.

DO has also searched for a singly produé¢dboson decaying intth in 2.3 fo~* of pp col-
lision data using lepton+jets final states. A fully general range of left- mid-handed couplings
are investigated and 95% CL lower limits o{W’) are set at 863 GeV, 885 GeV, and 916 GeV for
purely left-handed, purely right-handed, and mixed couplings, réspic
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