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We present results of a search fav*W~ production through the leptonic decay channel
WH*W~ — ["17v»¥ in pp collisions at/s = 1.8 TeV. In a 108 pb~! data sample recorded with
the Collider Detector at Fermilab, fivé& "W~ candidates are found with an expected standard
model background ofi.2 + 0.3 events. TheW* W~ production cross section is measured to be
o(pp — WTW™) = 102" % (stad + 1.6(sysh pb, in agreement with the standard model prediction.
Limits on WW+y and WWZ anomalous couplings are presented. [S0031-9007(97)03132-3]

PACS numbers: 13.85.Qk, 13.40.Gp, 14.70.Fm
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Observation of W "W~ production inpp collisions  TABLE I. Dilepton detection efficiencies. The uncertainties
provides an opportunity to test the standard model preare discussed in the text.

diction of WWy and WWZ couplings [1]. The gauge  category o e e
structure of the S(2) X SU(1) theory of electroweak in-
teractions governs trilinear vector boson couplings, andgevmg’r (%) 30.0 20.0 28.8
leads to a cancellation of helicity amplitudes. Anomalous™'® ((ﬁj)) gié gg% ;g(la
couplings [2], or decays of new particles, such as Higgs?“”l ((?AJ) 548 56 3 731
bosons, heavy quarks and leptons, and technihadrons, rgjff;:[ (%) 68.0 68.0 68.0
sult in enhancedv * W~ production [3,4]. Euigger (%0) 98.1 92.8 935
In this Letter we describe a search fé¢f* W~ pro- € (%) 6.9 54 8.9

duction through the dilepton channél*wW~ — "]~ v

(I = e, n), and compare the results with the standard

model prediction. Another similar search has been perand PYTHIA use tree-level matrix element calculations to

formed by the DO collaboration [5]. This analysis is simulate theW "W~ + jets process, TAOHAN is based

based on a data sample@p collisions at,/s = 1.8 TeV  on the full matrix element calculation up W*w~ +

with an integrated luminosity of08 pb~!, collected at the 2-jets.

Collider Detector at Fermilab (CDF) from 1992 to 1995. The efficiency of the lepton identification cuis;p, is

Based on our observation of seveddl"W~ — [T/ vv  determined fronZ — e*e™ (u™ u ™) data samples.

candidates, we measure(pp — W*W ™). Bounds on All leptons are required to pass a calorimeter isolation

WWy andWWZ anomalous couplings are also obtained. cut—the total transverse energy in a cone with a radius 0.4
The CDF detector is described in detail in Refs. [6,7].around the lepton in theg-¢ plane, excluding the lepton

The detailed description of the lepton identification cutstransverse energy, divided by the lepton transverse energy

can be found in Ref. [7]. A lepton is identified by either must be less than 0.1. A track isolation cut is also applied

hits in a muon chamber or a cluster of energy in theto both lepton—the sum of the transverse momenta for

electromagnetic calorimeter, and an associated track in thel tracks in the above cone, excluding the lepton track,

central tracking chamber. The jet reconstruction algorithndivided by theP; of the lepton must be less than 0.1. The

uses a cone of fixed radius (0.4 in this analysis) in theefficiency of these two cuts is denoted by,,.

n-¢ plane to group clusters of calorimeter energy. Here To discriminate against backgrounds frém— 77 and

n = —In[tan#/2)] is the pseudorapidityd is the polar the Drell-Yan processy/Z — e*te™, u™ u ™), events are

angle with respect to the proton beam direction, @ns  required to have a minimunfr of 25 GeV. We also

the azimuthal angle. The missing transverse endtgy reject events wherdr points along theg direction of

associated with neutrinos is calculated by requiring thabne of the leptons [7]. For events witfy < 50 GeV,

the total transverse energy as measured by the calorimetee requireA¢ > 20°, whereA ¢ is the azimuthal angle

be balanced. When a muon is present in the evenithe between the direction off; and the direction of the

is corrected for the muon transverse momentum. In thisiearest lepton. Also we remove events with dilepton

analysis, electrons are required to have transverse energwariant mass betweets and 105 GeV/c? in theete™

Er > 20 GeV, and muons transverse momentdn >  andu™ u~ channels. The combined efficiency of te

20 GeV/c. and invariant mass cuts is denotedday. .
The total W*W~ — [T]~ + X detection efficiency The top quark production backgroungp g — t7 +
can be decomposed into several factors: X — W*W~bb + X) is suppressed by removing events

with any jet with observed transverse energy exceeding
10 GeV (0O-jet requirement). The fraction & "W~ —
X Ewrigger - I"1” + X events with no jets is denoted by .

The efficiency factors, described below, are compute®imulations ofW*W~ — [*]~ + X production indicate
sequentially and are listed in Table I. In addition toey—j; = (68 = 7)%. Uncertainties are set by the differ-
W W~ — I*17v7 (I = e, u), there is a small contribu- ence between the Monte Carlo generators. When extrapo-
tion fromW*W~ — Irvv or rrv7, followed byr — ¢ lating the measured fraction & events with no jets in
or w, which is included in our acceptance. the data to the expected fraction W events using

The acceptance due to geometrical and transverdhe above mentione?W generators together with and
momentum cuts, denoted b¥,com-p,, IS the fraction Drell-Yan (at a mass dt40 GeV/c?, corresponding to the
of WrW~ — ITI- + X events for which both leptons meanWW invariant mass) generators, a consistent num-
are inside the detector fiducial region and pass Rhe ber for €. is obtained.
cut. This efficiency is obtained fron "W~ Monte Single lepton ¢ or u) hardware triggers were used to
Carlo samples. Several Monte Carlo event generatorsollect the data for this analysis. Their efficiencies were
(ISAJET [8], TAOHAN [9], and PYTHIA [10]) are used measured using data coming from independent triggers.
in conjunction with a detector simulation. While ISAJET The overall trigger efficiencygyigger, iS the probability

€total = €geom- Py X €1p X €rs01 X €event X €0—jet
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that a signal event is collected by any of the single lepton In Fig. 1, the measured cross section is compared
triggers. to leading order (LO) [1] and next-to-leading order
Systematic uncertainties in the efficiency calculations(NLO) [12,13] calculations. The CDF measurement of
come from the lepton identification cuts (3%), lepton isola-o(pp — W W ™) is consistent with the standard model
tion cuts (2%), event cuts (4%), choice of parton distribu-prediction.
tion functions (3%), O-jet requirement (10%), and Monte For WWV anomalous couplingsV( = vy, Z), the most
Carlo statistics (3%). A 10% uncertainty on the jet energygeneral effective Lagrangian, which is Lorentz, and
scale affects the jet multiplicity and the accuracy of theP invariant, may be described in terms of six couplings
Er measurement, and results in a 4% uncertainty in acceptenoted b)g}/, ky, andAy. In the standard modegv,}/ =
tance. The total uncertainty in the efficiency determinationl, xy = 1, andAy = 0[2]. To ensure the unitarity of the
(13%) is the sum of these uncertainties in quadrature.  theory, a dipole form factor of the forty(1 + §/A2)? is
Table Il summarizes the expected background fromintroduced, wheré is the subprocess mass squared And
tt - W'W~bb, Z — 77, the Drell-Yan processWZ is the energy scale beyond which new resonance particles,
production, andW + jets processes in which jets are multiple boson production, and other new phenomena are
misidentified as leptons (fakes). Other backgrounds, sucbxpected.
ashb, ZZ, andZ — bb, are found to be negligible. The To study WWV anomalous couplings, a tree-level
main backgrounds, Drell-Yan and fakes, are obtained diMonte Carlo generator [2] is used to generéte W~ —
rectly from the data, the others from Monte Carlo. When/"/~ + X events and the output is fed to the detector
releasing the O-jet requirement the main background is exsimulation. Since there are no QCD corrections in this
pected to ber. Using the CDF published value for the generator and we are interested only in the relative
tf production cross section[11] we expéttt 3 events. deviation from the standard model prediction, the number
The expectation from the other backgroundd.ts = 0.9 of W W~ — [T]~ + X events with couplings at their
events. The expected numberiB# events is5.2 = 1.8  standard model values is normalized to that from the
(using the theoretical cross section from [12]). All to- ISAJET calculation. The effect of QCD corrections on
gether we expect6.8 + 3.6 events and find 24 events in anomalous couplings is expected to be small at the
the data. The large uncertainty in the background is Tevatron energy [14,15].
significantly reduced when the O-jet requirement is made. Limits on anomalous couplings are obtained in one
The number of W*W~ — "1~ + X events can be scenario that assumes, = kz = k andA, = Az = A.

written as In the "HISZ” scenario [16], on the other hanidl, andx,,
are chosen as independent parameters. Contour limits at
Nevents = o(pp — W*W’)Betotalj L dr, the 95% confidence level (CL) are shown in Fig. 2, with

the choices\ = 1,2 TeV. The limitwhenA = 1 TeVis
where [ £ dt = 108 = 10 pb™! is the integrated lumi- well within the unitarity bound (not shown in Fig. 2) and
nosity. A first ordere, calculation [12] finds the contin- consistent with that obtained by the CDF collaboration in
uum W* W~ production cross sectiom(pp — W W™)  searches foWW andWZ in channels containing jets [17].
to be 9.5 pb with 30% theoretical uncertainty. UsingFor a comprehensive review on anomalous couplings, see
0.011 as the branching ratiB, for W*W~ — eevv and  Refs. [18,19].
upuvy, and 0.022 foW W~ — eurv, we expect a sig-
nal of 3.5 = 1.2 events.

Five events (twae and threee ) survive the selection 20 [ — T T
cuts in our data sample. GiveWVeyens = 3.8 after 1
background subtraction, from the above equation we < 1
obtain - 7]
1
o(pp — WHW™) = 10278 (stay + 1.6(sysh pb. i
* CDF data -
a ]
TABLE Il. Predicted background events in the8 pb~! data & [ NLO theory ]
sample. ° [ LO theory |
Process Expected number of events L _~ ]
_ Codwdid v v 0 o b b b b binalunduid
1t 0.04 = 0.01 @ 10 2.0 3.0 60 70 100
Z— 7T 0.22 = 0.06
Drell-Yan 0.40 £ 0.20 Vs [TeV]
wz 0.12 = 0.05 FIG. 1. The WYW~ production cross sectiong(pp —
Fake 0.40 = 0.20 W*W~), measured at the CDF, compared to theoretical
Total 1.18 + 0.29 calculations. The theoretical results are based on the NLO

(solid line) and LO (dashed line) calculations.
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2_ T L L R I ]
- @ VW ——> 'y ]
1— —
’< D’— _-
-t A = 1 TeV at 95% CL (outer) ]
A = 2 TeV at 95% CL (inner) i
Y S R R BN,
-2 -1 0 1 2
£ -1
2_ .b. T T I ™ T ]
A (b) W ——> I'1ITvy HISZ
1— —
~ ]
< o -
-t A = 1 TeV at 95% CL (outer) ]
A = 2 TeV at 95% CL (inner) ]
N N R B R
—4 -2 0 2 4
k, — 1
FIG. 2. Limits on anomalous couplings: (a) Assumirg =

kz = k andA, = Az = A. (b) The HISZ scenario where,
and A, are used as independent parameters. The standa
model value is located at the center.
contour is the 95% CL limits with the energy scale =
1 TeV (2 TeV).

In conclusion, we observe five dilepton events con-

sistent with W* W~ production with an expected back-
ground of1.2 = 0.3. The probability that the observed
events correspond to a fluctuation of the background i
1.1%. TheW* W~ production cross section is measured
to bea(pp — WTW™) = 102783 (stah + 1.6(sysd pb.
This cross section is consistent with the NLO standar
model prediction and limits are placed diWW+y and
WWZ anomalous couplings.
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