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The study of dibosons lik&Vy, Zy, WW, WZ andZZ at the LHC will be an interesting test
of the Electroweak gauge structure of the Standard Modéieahighest possible energies , and
may indicate the presence of new physics as deviations afadhge boson couplings from their
Standard Model values. We present here the analysis stfategieasuring the cross-sections for
the WW and WZ processes and Monte Carlo generator-based sfdiee physics ofVy and
Zy production at the LHC. We show that tiéW cross-section can be measured with 100pb
of data at,/s= 10 TeV andW Z, with 300 pb 1 of data at,/s= 14 TeV.
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1. Dibosonsat the LHC

The study of dibosons is one of the most important physics topics which wsliuzked at the
LHC. Previous studies at the Tevatron experiments have studied many a$pkets of diboson
production likeWy, Zy, WW, WZ and ZZ and these measurements need to be extrapolated to
higher energy regimes as well. At the LHC we expect significant eninaeaeof the rates of
production of the dibosons, starting from the early running conditionseofrtachine. We present
here the CMS efforts towards study of diboson production at the LHQ@i&thave been carried
out for theWW production process at 10 TeV and M&Z process at 14 TeV. The study of other
diboson processes are underway and we provide some glimpses of tive @&rlo generator level
studies for these.

2. Cross-sections and gauge-boson couplings

The measurement of triple gauge boson couplings is one of the primary gfodisoson
studies. Differential cross-sections, with respect to certain kinemaiiablas are most sensitive
to the value of the gauge couplings by showing enhancement in the higlkeofside spectrum
from any anomalous couplings that may exist. By measuring the couplingsaoniest the elec-
troweak gauge structure of the Standard Model or look for new phy8esides, dibosons are
important backgrounds to the search for the Higgs bosons and othensgapnetric searches and
understanding their production at the LHC is important in the context of nevoderies.

3. Methods

Single or double lepton (electron or muon) triggers are used to selecbdibusnts in CMS as
the leptonic decay mode of the W and Z provide a cleaner experimental sign@fitline selection
criteria are then applied to reject potential background events. Theruthber of background
events remaining in those that pass the trigger and selection criteria are edgittaefrom Monte
Carlo simulation studies or from data-driven methods. This number sulatriiote the number
of events passing the trigger and selection criterid®®"s— give the actual number of signal
events. To obtain the cross-section of the process, we have to estimagtdb®dacceptance and
efficiencies of the triggering, reconstruction and the selection criteribeapgas well as the total
integrated luminosity of the dataset used. The cross-section measuregigahiby the formula:

Neven137 kag

whereNeve"sis the number of "good" events selected by a certain trigger crifePid,is the
number of backgrounds estimated either from Monte Carlo simulations ofdda&: methods,
& 1s the detector acceptance as defined by the fiducial volansethe total efficiency of trigger-
ing, reconstruction, and the other selection criteria Afddt is the integrated luminosity of the
processed dataset.

Now we shall elucidate the Monte Carlo based studies undertaken by thecGlMBoration
for some of the diboson production processes.
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4, WW Process

The study ofVW production [1] was undertaken for 10 TeV running of the LHC with 100'pb
of integrated luminosity. The main observables for W&V production process are the dilepton
transverse mass from the leptonic decay of each of the W-bosons andsHieg transverse energy.
The main backgrounds are: W+jets, where the jet may fake a lepton; Caelphocess leading to
eeor up or 1T; tt where the two W-bosons are created from top-quark decay; othesatibdike
WZ, ZZ or Wy processes. Fig. 1 shows the dilepton invariant mass from the two chiziged
from W-decays on the left and the missing transverse energy dWiValecay on the right.
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Figure 1: Dilepton invariant mass (left) and missing transversegnéight).

The dominant systematic uncertainties are the twp lepton selection criterig¢4¥eto (7%),
missing transverse energy resolution function (5%) and the parton digiridunction (2%).

5. WZProcess

TheW Z process was investigated in the muon and electron decay channels of the ¥ea
Z-bosons [2]. The study was conducted for 14 TeV running of the LIH&@& main background
for this process are Z+jets, bbtt+jets,W + jets ZZ andZy. Fig. 2 shows the reconstructed Z-
boson mass using the charged leptons from Z-decay and on the rigthesdynal significance
for various integrated luminosity on the right. It can be concluded that &el4with the CMS
detectorW Zsignal can be established with a confidence level of at least 95% with annamib
data less than 350 pb.

For this study, the main systematic uncertainties are from the luminosity meast @om),
W transverse mass requirement (10%), parton distribution function (4%).

6. Wy Process

The most useful variable to detect anomalous coupling is the photon traaswementum
spectrum p¥) as anomalous coupling enhances the higher side op%’(hiqoectrum. However, at
the LHC, higher order QCD corrections to tWy process also produce exactly the same result
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Figure2: Mass of the Z-boson (left) and the signal significance as etimm of integrated luminosity (right).
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Figure 3: Photon transverse momentum spectrum for anomalous cgugtlihO and Standard Model cou-
pling at NLO (left) and both anomalous coupling and the Séaddodel coupling at NLO (right).

on thep¥ spectrum. Thus it is necessary to ascertain the extent of these QCbtimrseat LHC
energies to correctly simulate the signal process. Fig. 3 (left) shﬂfvwvith Standard Model
coupling at next-to-leading order (NLO) and with anomalous couplingsadirig order (LO). The
two spectra have the same kinematic shapes thereby proving that ongémbads at least a NLO
generator to distinguish between the Standard Model and anomalous gauglinis is shown in
Fig. 3 (right).

7. Summary

Dibosons can be observed in CMS starting from the early running of the. Bdeparedness
for measurement has been demonstrated for 10 TeV and 14 TeW\WéandW Z respectively.
The measurement of anomalous couplings requires a next-to-leading gmresrator for event
simulation due to large contributions at the LHC from NLO QCD corrections.
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