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1. Introduction

Diboson production is of great interest because it provigiégue opportunity to test the Stan-
dard Model at the TeV scale, it constitutes a very importaatkiground to Higgs and SUSY
searches and it is a probe to new physics through deviatibfsiple Gauge Couplings (TGCs)
from Standard Model predictions. In this paper we examit@shn production in 1.96 Tey¥p
collision using the CDF detector, compare this productm&tandard Model predictions, and set
limits on the strength of some anomalous couplings. Sigoathe WW, WZ, ZZ are searched
through their leptonic and semi-leptonic final states.

2. Diboson production in leptonic final state

2.1 WW cross section and TGC

We measured the WW production cross section in the two cideg#on € or u) and two
neutrino final state using an integrated luminosity of 3:6'ff1]. This measurement makes use of
matrix element based likelihood ratios. A per-event prdiighs assigned according to a matrix
element based calculation (MCFM) of the leading order csmsgion for 4 different processes
(WW, ZZ, Wy, and W+jet) given the measured event kinematics. A likalthoatio CRyw) is
then formed using the event probabilities for signal andkbeaund like events. The WW cross
section is the extracted using a binned maximum likelihoadhod which best fitE Ry signal
and background shapes to data (see Fig. 1). A total of 654idaedevents are observed with
an expected background contribution of 32@7 events. The measured WW cross section is
12.1+0.9(stat.)'15(syst.) pb, that is in good agreement with the Standard Mpudadiction and
represents the most precise measurement up to date.

We also set limits on the trilinear gauge couplings of the WhHpction. The analysis exam-
ines thepr distribution of the lepton with highepr and does a fit in order to determine limits on
the couplings. The HISZ parameterization [2] is used to nfakelependent parametersy(= 0,

g% = k¥ = 1in Standard Model). We set the limits0.17 < A4 < 0.17,-0.26 < Agf < 0.35, and
—0.68 < AkY < 0.77 whereAg? andAkY are the deviations of the parameters from the Standard
Model values.

2.2 WZ cross section and TGC

To search for WZ diboson production we look for events wherth lhosons have decayed
leptonically. Because this is a small branching fractionpider to observe a signal we use an
improved lepton selection that increases the acceptarice.afalysis is made using 1.9 fo[3]
and requires 3 electrons or muons piiis(missing transverse energy). We find a total of 25 events
where 216 + 2.6 were expected. This gives a cross sectionaf%g(stat.)i 0.2(syst. ) 0.3(lum.)
pb, compared to a theoretical cross sectipno = 3.7+ 0.3 pb. We then use thgy of the Z from
WZ events to test the WWZ vertex. We consider the anomaldpke tgauge couplingg, 4g,

Ok as defined in [4] and [5] and implemented in MCFM. In the Stadddodel all three of these
couplings are zero. We set the limits far= 2.0 TeV,—0.13< A < 0.15,-0.15< Ag < 0.24 and
—0.82< Ak < 1.27.
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2.3 ZZ cross section and TGC

This analysis is based on a data sample corresponding td1:%f integrated luminosity
[6]. We look in two channels, one of which both the Z's decayekectron or muons and one in
which one of the two Z decays in two neutrinos. We find 3-22//¢¢ candidates with an ex-
pected background of. 0960925 that gives a significance of.2o. This is combined with the
ZZ — (¢vv channel which used a matrix element discriminator to sépatdV and ZZ and ex-
tract a 120 significant signal. The combined significance i4a. The measure cross-section is
1.37"5 L3(stat.+syst.) pb which should be compared to the StandadeMalue of 1.4 pb at NLO.

The simultaneous production of two Z bosons from triple gacigupling ZZZ and Z¥is not
permitted by Standard Model. CDF has set limits based orbl9dn these anomalous couplings,
described in terms of parameter%, f‘{’, f52, fg’, in the channel where one of the Z decays to
electrons or muons and the other Z decays hadronically $o j€he dijet mass spectrum is fit
in the highpr region of the Z to constrain potential contributions fronoaralous couplings. No
excess ZZ production is found, therefore we can set thedifoith = 1.2 TeV, -0.12 < fZ < 0.12,
—-0.13< ) <0.12,-0.10< fZ < 0.10,-0.11< ff < 0.11.

3. Diboson production in semi-leptonic final state

Diboson production has been observed at the Tevatron inefteri channels through the
leptonic decays of the electroweak gauge bosons. Doingatme shing with jets is much more
difficult due to the large background from V+jets &/Z, W). We present here the measurement of
the cross section of VV decaying into two neutrinos plus et af WW/WZ into lepton-neutrino
plus jets, that leads to the first observation of this sigmatin both channels.
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Figure 2: Signal extraction fit for VV— E7+jets.
The fit uncertainty (brown band) includes system-
atic uncertainties on shapes of QCD and EWK back-
grounds.

Figure 1: The LRyw distributions for the signal
(WTW™) and background processes after a maxi-
mum likelihood fit to the data.
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3.1 VVin met+jets

We measured the diboson cross-section using events with Br (> 60 GeV) and two jets
with Er above 25 GeV. Due to limited energy resolution we cannoimdjeish between WW,
WZ and ZZ events so what we measure is really a sum of all thesmegses in our selection
window. No cut on number of leptons in the event is perforntestd@fore we are also sensitive
to lepton decays of the gauge bosons. The QCD contributitwichnis large in this channel, is
heavily suppressed through novel algorithms relategosignificance. We extract the signal
from the background using the invariant mass distributibthe two jets in the event (see Fig. 2).
The extraction of the signal does not use the theoreticaulaion of the V+jets integral cross
section and its invariant mass shape is cross checkedywjéts events from the data, hence con-
siderably reducing the systematic uncertainty on the sbéti@s main background. We observe
15164+ 239(stat. 1= 144(syst.) that leads to a significance o8& and we measure a cross sec-
tion of o(pp — VV + X) = 180+ 2.8(stat. )+ 2.4(syst. - 1.1(lum.) pb, in good agreement with
the Standard Model expectations.

3.2 WW/WZ in lepton-neutrino+jets

We describe a search for WW/W-=2 (v jj processes. Two different approaches are used.

The first one uses a data sample corresponding to approxnda®efb—! of integrated lumi-
nosity to reconstruct WW/WZ events [8]. The diboson sigaabitracted from the background us-
ing ax? fit of the invariant mass distributioM;;, of the two leading jet separately for the electron
and muon samples. This simple method allows to search fagrealspeak over a smooth back-
ground. The fitis performed in thd;; region from 36 to 200 GeVfcand estimates the fractions
of signal, QCD and EWK backgrounds usiNy; templates obtained from the CDF full simulation
(signal and EWK) and data (QCD). The total EWK contributisraifree parameter of the fit while
the relative normalizations of the processes forming thekEMdckground (V + jets and top) are
fixed to the corresponding SM expectation. The QCD coniebuis gaussian constrained to the
value previously obtained from the MET fit. The fit (see Fig.gves 1079t 232(stat. )t 86(syst.)
WW/WZ — £vjj events, corresponding to a statistical significance.6644.90 expected). We
also measure(WW/WZ) = 14.4+ 3.1(stat. 4+ 2.2(syst.).

The other approach uses 2.7 thand takes advantage of a multivariate technique to exploit
all the information in the event [9]. We calculate event @ioitity densities under the signal and
background hypotheses using a set of measured variablestobgent (the 4-vectors of the lepton
and the two jets). The probability is constructed by intégoaover the parton-level differential
cross-section, which includes the matrix element for tleegss, the parton distribution functions,
and the detector resolutions. We use the probabilities mstaact a discriminant variable for each
event, referred to as the Event Probability DiscriminangBD. To quantify the WW+WZ content
in the data, we perform a binned maximum likelihood fit to tla¢ad(see Fig. 4). We fit a linear
combination of signal and background shapes of the evebapility discriminant to the data. The
background normalizations (except for W+jets that is a fraemmeter) are Gaussian constrained
in the fit. Pseudo-experiments were carried out to deterthiagorobability (p-value) that a back-
ground fluctuation would produce the observed excess. Thitamexpected p-value was found
to be 211077 (5.10), whereas the observed p-value was-30~8 (5.40). The measured cross
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Figure 3: Dijet invariant mass distribution of recon-
structed W/Z— jj candidates compared to the fitted
signal and background components.

Figure 4: Observed EPD distribution superimposed
on expected distribution from simulation

section is 177 + 3.9 pb. The results from the two approaches are in agreemdneatih other and
with the Standard Model prediction (116+ 0.3 pb).

4. Conclusion

We have studied diboson productionpp collisions and have found it to be consistent with
Standard Model predictions. We have set limits on a numbaliftdrent couplings that do not
appear in the Standard Model. Finally we are now observioggases with cross sections less
than a factor 10 larger than the Standard Model Higgs cragmge
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