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Abstract. At the Fermilab Tevatron, the CDF detector is used to study diboson production in
pp collisions at /s = 1.96 TeV. We report recent diboson production measurements, limits on
anomalous triple gauge couplings and latest results from semi-leptonic diboson searches.
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INTRODUCTION

The study of diboson pair production is of high interest because it gives access to triple
gauge couplings (TGC). It has the potential to unveil new physics that manifests as
anomalous TGC (aTGC). Furthermore, it has a strong connection with the Higgs boson
search, because diboson processes have finale states similar to those of Higgs production
in association with a W or Z boson and are an important background for the Higgs
search.

The CDF experiment has studied in great detail diboson processes generated from
pp collisions at /s = 1.96 TeV produced by the Fermilab’s Tevatron. We report on
several recent diboson production measurements including latest results from semi-
leptonic diboson searches. For each channel the production cross-section is measured
and compared with standard-model predictions. In most case aTGC limits are set.

COMMON DIBOSON SELECTIONS

All analyses share common selection strategies that are summarized here. The selection
starts with either a W or a Z boson reconstructed in the leptonic decay mode. The first
lepton is a trigger lepton with pt > 20 GeV. The second lepton is either a v reconstructed
as Bt > 20 GeV or a second charged lepton with pt > 10 GeV. When the second boson
is a photon, it is reconstructed requiring Et > 7 GeV and AR(l,y) > 0.7 where | is any
of leptons from the heavy boson. When the second boson is either a W or a Z decaying
leptonically the charged lepton(s) is reconstructed with pt > 10 GeV. Finally, the second

heavy boson is also reconstructed in the 2 jets final state with E{a > 25 GeV.

W/Z+y PRODUCTION

The process pp — W + y is sensitive to the WWy coupling. We measure the production
cross-section using a data sample of 1.1 fo~1. The angle between the photon and the



charged lepton is used to separate the signal from the W+jets process that is the dominant
background. The measured cross-section time branching ratio with E1(y) > 7 GeV is
18.03 + 0.65(stat.) 4+ 2.55(sys.) + 1.05(lum.) pb, which is consistent with the standard
model prediction 19.3+ 1.4 pb [1].

The pp — Z+ y+ X process is sensitive to the ZZy coupling, which is 0 in the
standard model. This process is similar to W + y with the Z boson reconstructed in
the ete™ or u™pu~ channel. In a sample of 2.0 fb—2, we measure the cross-section to be
4.6+ 0.2(stat.) + 0.3(syst.) + 0.3(lum.) pb that is in agreement with the SM prediction
4.5+ 0.3 pb. The photon could be emitted from initial or final state radiation. Any TGC
effect would only be present in the initial state radiation (ISR) events. We measure
the cross-section for ISR photons to be 1.2 + 0.1(stat.) £ 0.2(syst.) +0.1(lum.) pb . We
extract aTGC limits: || < 0.083, |h%| < 0.0047, |h| < 0.084, |h}| < 0.0047 [2].

WW — ITI"vv CROSS SECTION

We measured the WW production cross section in the two charged lepton (e or u)
and two neutrino final state using an integrated luminosity of 3.6 fo—* [3]. There are
several backgrounds that produce this di-lepton signature that are rejected with specific
cuts. The first is tt which is suppressed with a jet veto (events at least one jet with
Et > 15 GeV are rejected). In order to reduce Drell-Yan, which otherwise would be
O(10°) larger than the signal, we require B > 25 GeV. Finally, di-lepton events from
heavy flavor processes are rejected with an invariant mass cut: M;; > 16 GeV. After this
selection the signal to noise ratio is nearly one to one. The signal is separated from
backgrounds using matrix element based likelihood ratios. The WW cross section is
extracted using a binned maximum likelihood method which best fits LRww signal and
background shapes to data (see fig. 1). A total of 654 candidate events are observed
with an expected background contribution of 320 447 events. The measured WW cross
sectionis 12.1 +0.9(stat.)* %zg(syst.) pb. Itis in good agreement with the Standard Model
prediction and it represents the most precise measurement up to date. An updated version
of this analysis sets limits on aTGC [4].

WZ — IT171*v CROSS SECTION AND ATGC LIMITS

In order to search for WZ diboson production, we look for events where both
bosons decay leptonically. This analysis uses a data sample of 1.9 fb~! and re-
quires 3 electrons or muons plus Bt (missing transverse energy) [5]. We find a
total of 25 events where 21.6+2.6 were expected. This gives a cross section of
4.3" %jg(stat.) =+ 0.2(syst.) £ 0.3(lum.) pb, to be compared with a theoretical cross section
of 3.7+ 0.3 pb. We use the pr of the Z to test the WWZ vertex. We consider the
anomalous triple gauge couplings A, Ag, Ak as defined in [6] and [7] and implemented
in MCFM. In the Standard Model all three of these couplings are zero. We set the limits
forA=2.0TeV: —0.13< A <0.15, —0.15 < Ag< 0.24 and —0.82 < Ak < 1.27.



ZZ — 1171717 AND ZZ — Il vv CROSS SECTION

We search for the low cross-section pp — ZZ process with fully leptonic decays. This
analysis is based on a data sample corresponding to 1.9 fb~1 of integrated luminosity [8].
We look in two channels. In first one both Z’s decay to electrons or muons. In the
second channel one Z boson decays in two neutrinos and the other decays to electrons
or muons. We find 3 ZZ — ¢¢¢¢ candidates with an expected background of 0.096 002
that gives a significance of 1.2g. This is combined with the ZZ — ¢/vv channel which
used a matrix element discriminator to separate WW and ZZ, which finds a signal with
a significance of 4.2ag. The combined significance is 4.40. The measure cross-section
IS 1.4j8:g(stat.+syst.) pb that agrees with the Standard Model expectation of 1.4 pb at
NLO. An updated analysis reaches a significance of 5.7¢ with the four-leptons channel
alone [9].

WZ/ZZ — 1T17jjATGC LIMITS

The ZZ process along with the WZ process are searched also in the semi-leptonic final
state using a data sample of 1.9 fb=1. The Z boson is reconstructed in the ete~ or
pu pu~ channel. Then, the di-jet mass spectrum for the pt(Z) > 210 GeV region is fit to
constrain potential contributions from anomalous couplings. No WZ/ZZ excess is found.
We set limits on ZZZ and ZZy couplings for A =1.2 TeV: —0.12 < f4Z <0.12, -0.13 <
f) <0.12, —0.10 < fZ < 0.10, —0.11 < f¥ < 0.11. We set limits on WWZ coupling
for A=2.0TeV: —0.20 < Ag< 0.29, —1.01 < Ak < 1.27 and —0.16 < A < 0.17. All
details are available in refs. [10, 11].

FIRST OBSERVATION OF VV — vvqq

Diboson production has been observed at the Tevatron in the lepton channels through
the leptonic decays of the electroweak gauge bosons. Doing the same thing with jets is
much more difficult due to the large background from V+jets (V = Z, W). We present
here the first observation at hadron colliders of pp — VV decaying into Ef plus jets [12].

We measured the diboson cross-section using events with large Bt (> 60 GeV) and
two jets with E1 above 25 GeV. Due to limited energy resolution we cannot distinguish
between WW, WZ and ZZ events so, what we measure is really a sum of all these pro-
cesses in our selection window. No cut on number of leptons in the event is performed,
therefore we are also sensitive to lepton decays of the gauge bosons. The QCD contri-
bution, which is large in this channel, is heavily suppressed through novel algorithms
related to Bt significance. We extract the signal from the background using the invari-
ant mass distribution of the two jets in the event (see fig. 1). The extraction of the signal
does not use the theoretical calculation of the V+jets integral cross section. We ob-
serve 1516 + 239(stat.) + 144(syst.) events that leads to a significance of 5.3g. We mea-
sure a cross section of o(pp — VV + X) = 18.0 £+ 2.8(stat.) +- 2.4(syst.) £ 1.1(lum.) pb,
in good agreement with the Standard Model expectations. Recent analyses also observed
diboson production in the lvjj final state [13].
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FIGURE 1. (left) Likelihood ratio used to extract the WW — 171~ vv signal. (right) Signal extraction
fit for VV — ET+jets.

CONCLUSIONS

We have studied diboson production in pp collisions and have found it to be consistent
with Standard Model predictions. We have set limits on a number of different couplings
that do not appear in the Standard Model. We presented the first observation at hadron
colliders of pp — VV decaying into semi-leptonic final state.
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