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Abstract. The existence of additional vector bosons are theoretically well motivated, arising natu-
rally in many extensions of the Standard Model. Experimentally, such particles typically have clean
signatures and therefore should be observed in hadron colliders if they are produced. We review
recent searches for heavy vector bosons with CDF at the Tevatron and provide limits on their pro-
duction.
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One of the most compelling arguments for physics beyond the SM is that there is some
high-energy unification of the forces of nature. Additional vector bosons (Z',W’) arise
naturally in extensions of the standard model (SM) with gauge unification, such as Eg
and SO(10) models, as well as in other extensions of the SM, for example models with
extra dimensions or little Higgs models. (See reference [1] for a theoretical review of
7' models.) If there is left-right symmetry at some high energy scale, then this provides
a natural mechanism for light neutrino masses and predicts a (right-handed) W’. (See
reference [2] for a theoretical review of W’ models.) Experimentally, the production
of heavy vector bosons may result in high-mass lepton pair or lepton-neutrino events
which provide striking signatures. They may also appear in channels with higher SM
backgrounds such as di-jet events, di-boson events and single top events.

Lepton pair production: CDF has searched for high-mass di-lepton pairs (ee, (L)
in large luminosity samples (2.5 fb~! and 2.3 fb~' respectively). [3, 4] While the
background is dominanted by Drell-Yan, in these large data sets backgrounds from QCD
(di-jets, W+jets) and other SM process (di-tau, top, di-boson) contribute significantly to
the high-mass tail. In the di-electron channel there is a 2.5 sigma fluctuation around 240
GeV with width consistent with the experimental resolution. Otherwise, the agreement
between the data and the SM expectation is spectacular.

The di-electron excess could be evidence for new physics, for example as an indica-
tion of new strong dynamics in the model by Cata et al. [5] This theory predicts a narrow
spin-1 boson instead of the SM Higgs. However, this theory also has lepton universality,
and there is no evidence for a corresponding signal in the di-muon channel. The data
has been used to excluded a portion of the paramter space for this model, the ratio of
effective couplings versus new boson mass.

The di-electron mass spectrum can be used to set limits on various Z’s (see Figure 1).
The theoretical cross sections are given for SM couplings and couplings to Z's from the
string-inspired gauge group Eg. In general, constraints in particular models are weaker
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than for SM couplings which is near a TeV.
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FIGURE 1. Lower limits on Z’ masses from the measurement of the di-electron (left) and di-muon
(right) mass spectrum.

Another kinematic distribution sensitive to a Z’ is the electron-quark angular distribu-
tion in the Z’ rest frame which gives a forward-backward asymmetry in the laboratory
as first pointed out by Rosner.[6] An analysis combining this distribution with the mass
distribution allowed CDF to derive a lower limit of 850 GeV (SM couplings) with only
0.45 fb~!. [7] One can also use the shape of the high-mass tail to find evidence for a
Z' where you are not seeing the peak or to search for compositeness (where q,e share
constituents). As was recently pointed out by Rizzo this analysis will be less useful at
the LHC due to the kinematics of production in proton-proton collisions. [8]

In the di-muon channel it is the distribution of inverse mass which is compared to
the SM expectation. The inverse-mass is proportional to the curvature squared and is
approximately constant in resolution. A point resolution of 200 microns in the tracking
chamber was acheived by precision alignment of the wires to within a few microns
using a sample of high-pr cosmic rays for alignment in r,¢) and the E/p distribution
from a sample of electrons for alignment in z. The (approximately flat) resolution in
inverse mass is 5M‘j ll ~ 0.17 TeV~! As for the di-electrons spectrum, small non-DY
backgrounds are needed to understand the high-mass tail. Lower limits for various Eg
Z's as well as a for SM couplings are shown in Figure 1. The SM coupled Z' is excluded
below 1 TeV.

Some further remarks on Z' searches with di-leptions. First, a tau-pair search has
been done with 0.2fb~! yielding a lower bound of M > 600 GeV for SM couplings. [10]
Second, an interesting class of models that predict a very narrow Z’ was pointed out by
Nath et al. [11] In these models which arise for example in string and super-gravity
theories, a Z' can appear where the mass arises from a Stueckleberg coupling to a
psuedo-scalar. Nath et al. have used CDF and DO data to constrain a class of these
models paramterized by a ratio of mass parameters (€) where € = 0 is the SM and small
values € ~ 0.05 are consistent with precision EWK measurements. Using small samples
from CDF and DO, they obtain M > 250(375) GeV for € = 0.035(0.06). This analysis
should be redone with high-luminosity data which would have a sensitivity to ~ 600
GeV.

Di-jet channels: The highest mass events at the tevatron are the di-jets, which of
course also have the highest background. Jets are reconstructed using the midpoint al-
gorithm with R=0.7, and the di-jet spectrum is constructed from central di-jets events
with pair masses > 180 GeV/c?. The mass distribution is corrected for jet resolution
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FIGURE 3. Limits on W/,Z' masses from the di-boson resonance search.

and efficiency. Experimental systematics include the energy scale, mass resolution, and
luminosity. The dominant theoretical uncertainty is the uncertainty in the parton distri-
bution functions. Comparing 1.1fb~! of data to NLO QCD, the agreement is excellent
throughout the entire range of the data ( to ~ 1300 GeV). In order to perform the reso-
nance search, the data is fit to a smooth curve. The expected W', Z’ resonance shape is
dominated by the jet energy resolution with a low-mass tail from QCD radiation. Limits
are extracted for W/, Z’ based on cross section times branching ratio times acceptance
(Figure 2).

Di-boson channels: SM di-boson events (WW,WZ,ZZ) can also be produced by
decays of a Z'. CDF has recently published the observation of SM di-bosons in the
missing transverse momentum plus di-jets channel.[12] The search does not explicitly
require a lepton and is therefore sensitive to both ¢V + jj and vV + jj final states. A di-
jet mass resonance from W — jjand Z — jj decays (not distinguished due to jet energy
resolution) is observed with 5.40 significance. In 3.5fb~!, 1516 £ 239 - 144 events are
observed in agreement with the SM expectation.

In the W — eV + jets channel we
searched for resonance production of SM
boson pairs by reconstructing the eVjj
mass. Events are selected with di-jet mass g
consistent with W(65 < M;; < 95) or i
Z(75 < M;;105) decay. The SM back- “E
ground for WW(WZ) resonance searches
are: Wj 58.5 (59.0) , QCD 10.7 (10.8) #7
9.5 (9.8) WW 7.8 (6.7). In both cases,
the data are well reproduced by the SM
backgrounds and limits are set on W'.Z’ S ——— =3 |
masses (see Figure 3). The limits are ex- Mass [Gev/c’]
tracted using a summed (eV jj) transverse o .
momentum cut (typically > 60 GeV) that 2: Limits from di-jet mass resonance search.
is optimized for each W’ and Z' mass
search window.

W' in single top events: A W’ would contribute to the single top production channel.
Single top has recently been observed by CDF at the 50 level with a 3.2fb~! sample
at a rate consistent with the SM expectation— Oexp = 2.3f8:g pb compared to Gieo ~
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2.9pb. [13] We have also done a direct search for a W’ in this channel. We search for
single top events in the W+jets channel with one jet having a secondary vertex (b-tagged
jet). We observe 1362 (1444 £ 255) di-jet events and 617 (682 + 83) three-jet events.
The expected W’ cross section is (pp — W' — th+1b) =~ 2pb at My_go GeV.

Mass limits are set on W’ with
SM Coupling based on the cross sec- 95% C.L. Observed Limit - CDF Run Il Preliminary: 1.9 fb”

tion times branching ratio limit. My, > 1\ \\\\ — e

800(825)GeV for My, > (<)My, wherein ™ \\ [ cosmettios

the later case leptonic decays are not al- 8" —— MW MOW) < M)

lowed (see Figure 4). This limit improves Z‘ o =

that obtained from a measurement of the &, N |

transverse mass line shape in electron plus " ot N _

missing momentum events (788 GeV with 02 -

0.2 b~ 1). [14] R T
W Mass (GeV)

The table summarizes the CDF limits
on W', Z" with SM couplings. They are
close to the kinematic limit, but 1 remind
you that limits in specific models are sig-
nificantly weaker. We now have > 4fb~! and there are interesting searches to come.

4: Limits on the W/ mass from search in the
single top channel.

mode | L(fo!) | MM MM

ee 2.5 150-963

L 2.3 100-1030

T 0.2 120-399

i 1.1 320-740  280-840
WW,WZ 2.9 247-545  284-515

th 1.9 300-950
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