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WW andZZ production are interesting and important because their production @ossns
are an order of magnitude smaller than those ofvthand theZ bosons. Also, the Higgs boson
decays toVW andZZ events with substantial branching ratios. Therefore, SM productivvivgf
andZZ events are backgrounds for the Higgs events. If the measured vdltlesaross sections
show deviations from the SM values then they will signify evidence of neysiph. The DO
detector which has been used for both searches is describd in [1].

1. Search for AQGCs

UsingWW events one can probe trilinedr\(V) and quartic YVVV) gauge couplings =
W, Z, y) which could show what goes on during the process of electroweak siygnbmeaking and
also can be a signature of new physics. Figures 1 (a) and (b) sha&gses involving trilinear
and quartic gauge couplings. In the quantum electrodynamics prppessWW pp, theW pair is
produced via photon exchange which radiate directly frpemd p. The SM cross section for this
process isv 3 fb. An enhancement in the value of the cross section by 10 to 100 timescan o
due to various beyond SM processes, e.g. extra dimensions [2].

Results are presented here on AQGCs assuming that triple gauge coMipigare at their
SM values. Deviations from the SM values of these copulings have bestramed by measure-
ments done earlier by DO and others [3]. Parametrization of AQGCs is bas¢d] and only the
lowest dimension operators that have the correct Lorentz invariactwsteuand fulfill the SU(2)
custodial symmetry are considered. Such operators involvinghvilmsons and two photons are
of dimension six:
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HereF,y is the electromagnatic field strength tensor #jd are thew* boson fields. The anoma-
lous parametersy’ anda? are 0in SM. To prevent a violation of unitarity at high energies, a form

factor,aV — > is used wherd/, is the invariant mass of the two photons a\gof f

3
is the scale of new physics. Two typical values of this scale chosen farhligsis are 0.5 and 1.0
TeV.

In this search the signal events gp — WWpp. The bacground events can be classified as
diffractive and non-diffractive. The diffractive events are dué\t@d/ andll production through
photon exchange or double pomeron exchange. Signal and difrdaokground events are mod-
eled using Forward Physics Monte Carlo [5]. Their passage througbBQhaetector is modeled
using a GEANTS3 based detector simulation package followed by the DOs&aotion package.
Signal events are generated by scanning ona‘(’,"obr a‘é" with or without a form factor. Non-
diffractive backgrounds can be classified into two types, physicsgoaukds containin@ /y+
jets, tt, diboson WW,WZ,ZZ7), and instrumental backgrounds containiig- jets and multijets.
These were modeled using PYTHIA or ALPGEN + PYTHIA [6]. The amoofinultijet back-
ground is fully determined from data.

The production cross section of a pair of W bosgmg,— WW was measured by DO in the
analysis oH — WW — |vlv decays [7]. Since the search for AQGC involves the same final state
Ivlv, a similar search strategy is followed, but the event selection criteria atertigResults are
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Preselection Final selection
Data 572700 946
Total Background 5765764 11532 983+ 108
Signal 12.2 11.6

Table 1: Signal @}//A? = 5x 10-*GeV ~2, without form factor), background and data yields for AQGC
events.

presented here on AQGC signal search inAii — evev decay channel only. In thep — WWpp
decays the final state proton and antiproton remain intact but are notetksdece they travel in
the very forward or backward direction. The two electrons fMhdecays are central and are
boosted. Therefore, events are selected with two opposite sign ele@nmhso jet withpr > 20
GeV and|n| < 2.4. The pseudorapidity is defined ag) = —In(tan(6/2)), where® is the polar
angle relative to the proton beam direction. The first and the secondoglest required to have
pr greater than 15 GeV and 10 GeV respectively and their invariant masguisee to be greater
than 15 GeV. At least one of the electrons should be in the central eleginati@ calorimeter.
To correct for mismodeling of the electron reconstruction and triggeliafiites, scale factors are
applied to thept distribution ofZ bosons in Monte Carlo samples at the preselection stage to match
the data. Dependence of the scale factors on the numbers of rectetsiris in the event is taken
into account.

The pr distribution of W bosons is weighted to match the measuZeldosonpr spectrum,
corrected for the differences between WeandZ pr spectra predicted in NNLO QCD. Figure
2 (a) shows thepr distribution of the leading electron after preselection. Boosted decisios tree
(BDT) are used to eliminate the contribution frafviy*+ jets background that is dominant after
preselection. The input variables to the BDT are kinematic variables relatbe two electrons
and their opening angle. The most discriminating variable is the transverseofritaglzand the
dielectron pairMr (ee, Z1) = \/(2.p®.E+.[1— cosAg(ee, Et)]). The cut on the BDT is chosen in
such a way that the contributions frafy*+ jets, W+ jets and dibosons are comparable. Me
distribution after the final selection is shown in Fig. 2 (b). The expectedoasdrved numbers
of events after the preselection and the final selection are given in TaBblé¢idal BDT is trained
to separate the AQGC signal from all other backgrounds. Additionéhias related to electron
reconstruction are used as inputs in this case to discard the instrumerkgidaaws. The final
BDT distribution is shown in Fig. 2 (c). Events with a BDT value above 0.8khosen as signal
events. Events from all signal points are merged for the BDT training gshitnee very similar
kinematic features.

In this analysis the systematic uncertainties can be divided into two class¢sinEéatain-
ties are those which affect only the normalization of signal and/or baakgrée.g. the error on
the theory cross section value). Shape uncertainties are those whachtaff shape as well as
normalization for signal and/or background (e.g. uncertainty in the jeggrseale). Uncertainty
due to the processes of Pomeron exchange and DPE normalization is $ak@@%. The other
major uncertainties are in multijet normalization and signal cross section, wiedf the order of
30% and 20% respectively. Since no excess of events above thaekpackground is seen in the
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WTW~ — e"ve v decay channel, the data are assumed to be consistent with a backgroynd-

model and limits are set using the modified frequentists, Ghethod on the anomalous param-

eters,a‘(’," anda%" [9]. The test statistic is a log likelihood ratio for background only and sig-
nal+background hypothesis. The 95% C.L. allowed ranges for the doomparametea}’)" (aé")

are given in Table 2 assumiraé’ =0 (a‘(’," = 0). The limits are quoted for the cases without a form
factor and with a form factor witt\qyorf = 1 or 0.5 TeV. The two parameter limits are shown in

Fig. 3 for different assumptions about the form factor mentioned above.

2. ZZ Production Cross section

The leptonic decays of th#é are used to measure the cross sectio@ofproduction , i.e.
Z —eeor Z— uu . The dominant tree level diagrams fpp — Z/y*Z/y* — 1717171~ are
shown in Fig. 1 (c), (d). The singly resonafitboson diagram contributes at low mass. This
contribution is expected to be negligible in our analysis. The analysis pieeskare is based on
the full DO data set of~ 9.8 fb!. Signal events are selected by requiring the invariant mass of
two highestpr leptons to be greater than 30 GeV for both Z's. If the event contains &rehsc
at least two of them should be in the central calorimeter. If the event haodsnat least two of
the muons should have hits in the muon chambers. If the event has two edeatrdtwo muons
then it is required that dfeu) >0.2 for alle— u pairs. TheZZ signal acceptance is estimated
with PYTHIA [6]. There are three main sources of background, namelytor boson events with
additional photon or jets misreconstructed as leptons, which are nbstB/jet eventsZ/y*Z/y*
events where at least o@¢ y* has a mass less than 30 GeV but is reconstructed with a mass above
30 GeV, andt events where the leptons in the b-jets pass the isolation cut. The first sufurce
background is estimated from data and the second and third sourcediarated by simulation.
The largest contribution to the systematic uncertainty, which is of the orde@%f50%, comes
from the instrumental background due to the variation in the jet-lepton misidetitficrate. The
other major contribution is due to uncertainty4@ cross section measurement, which is of the
order~8%. The analysis is divided into 8 subchannels, fourentree in 22 and 4u decay
modes. These are based on the number of electrons in the central, ,eaddapter-cryostat
regions. Figure 4 shows a few kinematic features ofaBesvents.pr distributions of the highest,
and second highegtr lepton are shown in Fig. 4 (a) and (b) respectively andghelistribution
of the 4-lepton system is shown in Fig. 4 (c).

A total of 13 data events are observed, 5 in tleechannel, 5 in the u channel and 3
in the 4u channel. Total number of expected events is 16.8.9 with contributions of 15.3
+ 1.9 from the t-channeZ/y*Z/y* production, and 5;8:2 from the nonZZ background. The
cross section for thé /y*Z /y* — 4l process is obtained by minimizing the negative log-lilelihood,
—In(L) = Y0 x BR x a; x & x [L.dt +N™ —NiIn(g x BR x ai x & x [L.dt). The effect of
systematicI uncertainties is added by varying the acceptance and baulgimyut-10 and adding
in quadrature. The cross section of thp — Z/y*Z/y* process is found in this analysis to be
1.26"53a(stat.) 1L (syst.) £ 0.08(lumi). The value of the cross section presented by the NLO
theory is 1.7-0.1 pb. They* contribution can be taken out from the measurg¢*Z/y* cross
section by using the MCFM scale factor. The remaining part is the pamoss section, which is
given by 10533/ (stat.) *534(syst.) + 0.06(lumi). The value of theZ/y*Z/y* — 4l cross section
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Cutoff Expected allowed range [GeY] | Observed allowed range [GeY]
a=2,a¥=0

No form-factor [-0.00047, 0.00043] [-0.00046, 0.00043]
Aautoff = 0.5 TeV [-0.0024, 0.0025] [-0.0024, 0.0025]
Ncutoff = 1.0 TeV [-0.00096, 0.00092] [-0.00097, 0.00089]
ay=0,a¥=2

No form-factor [-0.0016, 0.0016] [-0.0016, 0.0015]
Aautoft = 0.5 TeV [-0.0092, 0.0090] [-0.0094, 0.0092]
Aautof = 1.0 TeV [-0.0035, 0.0033] [-0.0035, 0.0033]

Table 2: Expected and observed 95% CL allowed ranges{¥r- 2, assumingy is zero and vice versa for
different assumptions on the form-factor.
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Figure 1. W boson pair production via photon exchange with a) trigl}/y and b) quarticWWyy cou-
plings. Feynman diagrams f@Z production through c) t-channel tree level process and @l)sthgly
resonant process.

can be combined with the cross section ofZig*Z /y* — I[lvv channel to give the tota/y*Z/ y*
leptonic cross section as3R"332(stat.) &= —0.12(syst.) = 0.04(lumi). This value is in agreement
with the SM value of 4+ 0.1 pb (NLO). Figure 4 (d) shows the various measurements of the
pp — ZZ cross section including the measurement described in this report.

3. Higgssearch

A new particle, consistent with a SM Higgs boson has been discoverece4TibAS and
CMS experiments at 125 GeV in tie— ZZ andH — yy decay modes [8]. The DBZ cross sec-
tion measurement can be an alternate method to search for the Higgs boseweifts with small
F+(< 30 GeV) the 4-lepton invariant mass can be used as the main discriminant beiges and
background. For events with largg (> 30 GeV),E itself can be used as a discriminant. Figure
5 (a) and (b) show the distributions of the 4-lepton invariant mass arigtrespectively, from 9.8
fb—! of DO data. At 125 GeV 0.14 Higgs boson events are expected. Sincbsbeved number of
events are cosistent with the background, a limit on the Higgs mass is calausattgdhe modified
frequentist approach where log likelihood ratio (LLR) is taken as the tatstic [9]. Figure 5 (c)
shows the 95% exclusion contour for the ratif ogu versus the Higgs masses with the condition

¢ = CLs < 0.0 along with the associated LLR distribution (Fig. 5 (d)). At Higgs masse4%f 1
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Figure 2: (colour online) The (a) leading electrgr at preselection, (b) transverse mass offflr@and the
two electrons after final selection, (c) BDT distributiorteaffinal selection. The hatched bands show the
total systematic uncertainty on the background predictieor the signal dlstnbutlom}’)" /N> =5x 104
GeV~2 and no form factor is assumed.
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Figure 3. (color online) Two-parameter 68% and 95% C.L. limits witlfelient assumptions about the
signal, (a) no form factor, or a form factor with (B}yorf = 1 or (c) 0.5 TeV.

120, and 125 GeV the observed limits are 5%.354.9 x, and 42.3x SM respectively and the
expected limits are 78.9, 60.6 x, and 42.8x SM respectively.

4. Summary

imiteo. 2 with 1¢| — ac 2 wi
DO has placed the limitsy; | <0.0025 GeV < with || = 0 and| ;%[ <0.0092 GeV “ with

]%| =0 on the anomalou&Wyy quartic gauge boson couplings witt9.8 fb~* of data. Here it is
assumed thabqyorf = 0.5 TeV [10]. DO has also improved the measurement of the cross section
of the procespp — Z/y*Zy* to be 1260 3e(stat.) 5 1Z(syst.}-0.08(lumi) [11].
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