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1 Introduction

One of the most important consequences of the SU(2) x U(1) symmetry of the Stan-
dard Model is the existence of non-Abelian self-couplings of the gauge bosons ~v, W
and Z°. Using data taken in the DELPHI detector at LEP in 1996 at centre-of-mass
energies 161 and 172 GeV, we have used events from the reactions ete™— WHTW~™
and ete™— Wer to study WWV couplings, where V' = Z,~ and from the reaction
ete”— v + invisible particles to study couplings at the ZVv vertex.

The WWYV coupling arises in WW production through the diagrams involving s-
channel exchange of Z° and +. The Standard Model predicts a charge coupling, described
by a parameter g} in an effective WWV Lagrangian Lywyv, and a dipole coupling xy,
with ¢/ = ky = 1 [1]. In a general Lorentz-invariant description of the WWV inter-
action, other couplings, both (' P-conserving and C P-violating, are possible, but their
contributions are predicted to be zero in the Standard Model. In searching for deviations
from the Standard Model which could signify the presence of new physics, we consider
contributions from C P-conserving, gauge-invariant operators of lowest dimension (< 6),
taking only those which have not been excluded by previous measurements. This leads to
three possible contributions, awe, aps and ay, which are related to the charge and dipole

couplings defined above and to the quadrupole couplings Ay in Lywy by: Agé = acVQV(b

2
2
Aky = awg + oy, Akz = awg — i7woz3¢ and A\, = Az = aw, where s,, and ¢, are the

sine and cosine of the Weinberg angle and Ag?, Ak, and Ak represent deviations from
Standard Model values [1].

The process ete™—~ + invisible particles is described within the Standard Model
by the radiative production of neutrino-antineutrino pairs, ete™ — vy, A W fusion dia-
gram, containing a W W+~ coupling, also contributes to v+ production, but its amplitude
is very small at LEP2 energies, and its relative contribution is negligible. Possible new
physics contributions to single photon production could come from a new generation of
neutrinos, from the radiative production of any other neutral weakly interacting particle,
or from the s-channel exchange of v or 7, leading to Z~ production via a triple vector
boson coupling. In this paper we examine this latter possibility. The ZV'vy vertex has been
described by Baur and Berger [2] in terms of a vertex function involving four independent
terms h} ,; in the Standard Model all of these are zero at tree level. The parameters
are normally described by a form factor representation, A (s) = hY /(1 + s/A?)", with
an energy A representing the scale at which a novel interaction would become manifest,
and with a sufficiently large power n to ensure unitarity conservation at high energy.
Conventionally, n = 3 is used for hYB and n = 4 for th' The terms in hy; and hy are
C' P-violating, and those in hs and hy C P-conserving. However, the minimum dimen-
sionality of contributing gauge-invariant operators to Lzv, is 8 [3], so the observation of
deviations from Standard Model predictions is a priori less likely in this channel than in
those involving WWV couplings.

Results on WWV couplings have previously been reported in pp experiments [4, 5,
6], and in first reports of results at LEP2 [7, 8]. Limits on ZV~v couplings have been
determined in pp experiments [4, 6, 9] and from LEP data taken at the Z° [10] and at
130-136 GeV [11].

In the next section of this paper we describe the selection of events from the data
and the simulation of the various channels involved in the analysis. Results on the trilin-



ear gauge coupling parameters describing the WWV and ZV~y vertices are reported in
sections 3 and 4 respectively and a summary is given in section 5.

2 Event selection and simulation

In 1996, DELPHI recorded integrated luminosities of 10.0 _and 9.98 _at centre-of-mass
energies of 161 and 172 GeV, respectively. Data from several final state topologies were
used in the analyses described in this paper.

2.1 Selection of events for the study of WWV couplings

In the determination of WW'V couplings, events were selected in the following final state
topologies: the “semileptonic” topology (jjlr) required the observation of two hadronic
jets and an isolated lepton, the “two jets and invisible lepton” topology (jjX) required
the presence of two jets and missing energy, the “single visible lepton” topology ((X)
required a muon or electron coming from the interaction point, but no other track in
the detector, the “fully hadronic” topology (jjjj) required the presence of four hadronic
jets, and the “2 visible leptons” topology ({vfv) required two identified leptons coming
from the interaction point. The criteria imposed in the assignment of events to each of
these topologies, and the estimated selection efficiencies and composition of the selected
samples are given below. Details of the DELPHI detector may be found in [12], and the
criteria defining track selection and lepton identification have been given in [7].

g3lv:

Events in which one W decays into v and the other into quarks are characterized by
two hadronic jets, one isolated lepton (coming either from W decay or from the cascade
decay W —7...—(...) or a low multiplicity jet due to 7 decay, and missing momentum
resulting from the neutrino. The major background comes from ¢g(y) production and
from four-fermion final states containing two quarks and two leptons of the same flavour.

The criteria used to define the 161 GeV sample have been given in [7] and resulted in
selection of 12 jjlv events.

In the analysis of data at 172 GeV, it was required that events contain at least 6
charged particles with total energy of at least 0.15 E.,,;. Events with a detected photon
unassociated with any charged track and with energy > 20 GeV were rejected. In the
case of WW decays into qqur and gger the candidate lepton was required to be the most
energetic charged track in the event, while 7 candidates were selected by looking for an
isolated e or p or a jet of multiplicity < 5 with one charged track and total momentum
> 10 GeV/c.

Muon candidates were selected using information from the muon chambers and from
the hadron calorimeter. Tracks were required to have momentum > 5 GeV/c, and the
isolation angle between the candidate muon and the nearest particle with momentum
> 1 GeV/c was required to exceed a value set between 8° and 20°, depending on the
quality of the muon identification.

Electron identification was performed by looking for charged tracks with energy de-
posits in the electromagnetic calorimeters matching the track momentum within 20%, or
exceeding 20 GeV. The momentum of the electron was required to be > 5 GeV/c and the



component of the missing momentum transverse to the beam axis, p! ..., was required
to exceed 10 GeV/c. The isolation angle between the candidate electron and the nearest
particle with momentum above 1 GeV/c was required to exceed a value between 5° and
20°, depending on the quality of the electron identification.

In order to increase the efficiency of the selection, cases where the candidate was either
not isolated or not identified as a lepton were also treated. Kinematic requirements in
this case were tighter, rejecting events if the angle between the direction of the missing
momentum and the beam axis was < 18° (30° for identified electrons) or if v/s/, the
effective centre-of-mass energy of the ¢q system if the event is interpreted as coming from
the reaction ete™—qqy [13], was > F.,; — 15 GeV.

Four-fermion backgrounds (qgfl) were suppressed by applying an additional cut to
events in which a second lepton of the same flavour and with charge opposite to that of
the candidate was found. The event was rejected if the second lepton had momentum
above 5 GeV/c and isolation angle with respect to all other particles except the candidate
lepton above 15°.

In the selection of jj7r events with the 7 decaying hadronically, only events with at
least 3 jets (found using the LUCLUS [14] algorithm with d;,;, = 3 GeV /c) were accepted,
and the missing energy and the transverse energy were both required to exceed 40 GeV.

After selection of the lepton, it was required that the mass of the remaining particles,
forced into 2 jets using LUCLUS, exceed 30 GeV/c?, and that each hadronic jet have
multiplicity of 4 or greater, at least one particle being charged. A 5-constraint kinematic
fit was performed, imposing energy and momentum conservation and equal masses on the
leptonic and hadronic W candidates. Tau candidates decaying hadronically were accepted
if the mass of the hadronic system in the fit was above 65 GeV/c?.

Application of these procedures to the 172 GeV data produced samples of 17 jjuv
events, 14 jjer events and 9 jj7v events, with estimated efficiencies of 90.3%, 74.6% and
36.8% in the three channels, respectively, and with an estimated background contamina-

tion of 0.356 4+ 0.039 pb.

VRERE

The criteria used to define the sample of events in this topology at 161 GeV have been
given in [7]. In this procedure, the event was forced to a four-jet configuration, and the
dominant background, which arises from the ggv final state, was suppressed by requiring
a variable D, (= gZ;Z Omin/(Emaz — Fmin), where Fy,i, and Ep,.. are the energies of the
jets with minimum and maximum energy and 6,,;, is the minimum interjet angle), to
satisfy D > 0.013.

At 172 GeV, the requirement on D was replaced by two conditions: first, that the
product of the three eigenvalues of the momentum tensor, given by LUCLUS, should
exceed 0.025/27; and second, that at least one of the three kinematic fits which could be
made to the event, imposing equality of two di-jet masses, should have x? < 50.

The selected 7777 samples consisted of 15 events at 161 GeV and 52 events at 172

GeV, with estimated background contamination of 0.55 pb and 1.52 pb, respectively. The
efficiencies for reconstructing events in the kinematically accepted region were found to
be independent of TGC value to within the accuracy of the simulated statistics and equal
to ~ 70% at both energies.

lvly:



The criteria used to define the sample of events in this topology at 161 GeV have been
given in [7]. In this procedure, low multiplicity events which satisfied a 2-jet description
were accepted, thus allowing 7 leptons as well as ;¢ and e to be selected. Requirements on
the minimum polar angle of the jets and on the direction of the missing momentum, set
at 20° < 0., < 160° and | cos 0,,55] < 0.94 at 161 GeV, were relaxed to 10° < 0,4 < 170°
and | cos 0,,;s5| < 0.984 at 172 GeV.

Samples of 2 events at 161 GeV and 7 events at 172 GeV were selected, with estimated
efficiencies of ~ 95%, ~ 80% and ~ 63% for selecting each p, e and 7, respectively.
Background contamination of 0.06 pb and 0.19 pb was estimated at the two energies,
respectively.

19Xz

Events in this channel were required to have at least 6 good charged particles, and to
produce at least 2 jets on application of the LUCLUS algorithm with d;,, = 5.5 GeV/c.
They were rejected if there was an energy deposition cluster of greater than 15 GeV in the
electromagnetic calorimeter which was not associated with a charged particle. Accepted
events were then forced into a 2-jet configuration, and the following energy-dependent
selections applied:

At 161 GeV, the energy of each jet was required to exceed 20 GeV, and the polar
angle to lie between 25°and 155°. The reconstructed invariant mass of the two jets was
required to lie between 45 and 200 GeV/c?. The missing momentum vector was required
to satisfy |cos 85| < 0.9, and the acollinearity and acoplanarity angles of the jets to
satisfy 0,00 < 165° and 0,.,, < 169°, respectively.

At 172 GeV, these conditions were modified to: Ej > 10 GeV, 15° < 0., < 165°,
m;; > 50 GeV/c? E;; < 100 GeV, | cos,iss] < 0.9, | cos by < 0.98 and |cos b, <
0.98, respectively.

Application of these procedures led to selection of 6 events at 161 GeV and 8 events
at 172 GeV, with estimated efficiencies of 83% and 88% and backgrounds of 0.55 pb and
0.62 pb at the two energies, respectively. The principal background component is from
the ggv final state.

(X:

Only 161 GeV data were used in this channel because its relative contribution to the total
four-fermion cross section at 172 GeV is much smaller. Candidate events were required
to have only one track, clearly identified as a muon or electron. To reject cosmic ray
background the normal track selections were tightened, requiring that the track pass
within 1 ¢m of the interaction point in the xy plane (perpendicular to the beam) and
within 4 ¢cm in z. Lepton candidates were then required to have p > 30 GeV/c and
pr > 25 GeV/c. The leptonic selection efficienciea are as given above for the fvfv final
state.

One event was selected from the 161 GeV data, with negligible background.

While the final states considered above are topologically distinct, they are all repre-
sented by the generic ete™ interaction producing four final state fermions, et e™— f1 fo 3 f4.
In particular, the first three topologies (jjlr, 77X and X)) contain events in two differ-
ent kinematic regions of the same four-fermion final state, ¢g2fv. In the jj/v topology,
the dominant amplitudes arising from diagrams with a triple vector boson coupling are



those contributing to WW production via s-channel 4 and 7 exchange; in the 57X and
{Xtopologies, the dominant amplitude involving a trilinear gauge coupling is that arising
from radiation of a virtual photon from the incident electron or positron, leading to single
W production, ete™— Wer, with the final state electron lost in the beam pipe.

In the production of simulated events, we used the four-fermion generators EXCAL-
IBUR [15] and GRCAF [16]. These generators were interfaced to the JETSET hadroniza-
tion program [14], and to the full DELPHI simulation program DELSIM [12]. Samples
of events were generated with both Standard Model and non-Standard Model values of
TGC parameters, and were used both to determine the efficiency of the selection criteria
in the topologies studied, and to check the accuracy of the analysis procedures in deriving
the value of TGC parameters used in the generation of events. In addition, in the analysis
of the jj/lv final state, a fast simulation of the DELPHI detector was used. Cross-checks
were made to ensure that the fast and full simulations agreed in the distributions of the
kinematic variables used in the analysis. The study of the backgrounds due to ¢gy and
77, production was made using fully simulated events generated with PYTHIA [17].

2.2 Selection of events for the study of ZV'y couplings

The study of ZV~ couplings involved a search for events containing only a single photon
of high energy, emitted at large angle to the beam direction.

Such events were selected by requiring the presence of a “good quality shower” (defined
n [12]) of energy F, > 25 GeV in the angular region 45° < 6 < 135°, covered by the
High density Projection Chamber (the barrel electromagnetic calorimeter). Events with a
signal in the forward electromagnetic calorimeter were rejected, and a second shower in the
barrel electromagnetic calorimeter was accepted only if it was within 20° of the first one.
Events were also rejected if any charged particles were detected in the Time Projection
Chamber, the main tracking device of DELPHI, or in the forward tracking chambers.
The presence of charged particles not pointing to the interaction point also caused events
to be rejected; this suppressed background from beam gas and cosmic events. In order
to reject the background from radiative Bhabha and Compton events, no energy deposit
was allowed in the Small Angle Tile Calorimeter (the luminosity monitor situated in the
very forward direction). A further rejection of cosmic events was achieved by imposing a
constraint on the v direction: the line of flight and the shower direction measured in the
calorimeter were required to coincide within 15°.

Application of these criteria produced samples of 8 events at 161 GeV and 7 at 172
GeV.

In order to estimate the cross-section for the single photon production process, the
trigger and identification efficiencies must be known. The former was measured using
radiative events (utu~v and ete™v) and Compton events. The efficiency was shown to
be dependent on the photon energy in the angular region under consideration, ranging
from ~ 65% at E, = 25 GeV to ~ 90% for E., > 40 GeV. The identification efficiency was
estimated using samples of 2500 fully simulated events at each energy, produced with the
generator NUNUGPV [18]. It was found to to be practically constant for photon energies
E, > 25 GeV and equal to 78%.

Various possible sources of background to the single photon production process were
considered. The QED process eTe™ — vete™ has a very high cross-section for low F., and
when the two electrons escape undetected along the beam pipe, but it decreases rapidly



when FE., and 0, increase, and contributes negligibly to the kinematic region selected.
Other backgrounds, such as those from beam gas interactions, ¥y collisions, ete™ — v,
cosmic and Compton events were also found to be completely negligible.

3 Results on WWV couplings

It has been shown in previous studies [1] that the jj/r topology provides the greatest
precision in determination of WWV couplings. Here, we first give results from a detailed
study of this final state using both total and differential cross-section information, then
add the information obtained from the total cross-section of the 7777 and fvfv final states,
and finally incorporate information from the “single W” topologies 57X and /X.

3.1 Results from jj(v events

Two basic approaches have been used in the analysis of data from the j7¢v channel. In
the first of these, based on an extension [19] of the method of Optimal Observables [20]
described in [1], we use two variables which retain the full information of the 7-dimensional
phase space describing the four-particle final state; in the second approach, distributions
of well-measured variables, namely the W production angle, 8y, and the polar angle of the
lepton in the laboratory frame, §;, are analyzed. Our final results, reported in section 3.4,
use TGC parameter values determined by the first of these methods for 172 GeV data
and by the second method for 161 GeV data.

The analysis using the method of Optlmal Observables exploits the fact that the dif-
ferential cross-section, da/dV where V represents the phase space variables, is quadratic
in TGC parameters: dU(V, a)/dV = co(V )—I—Zi a;ct (V )‘|‘sz 005 (V), where the sums
are over the set @ = ay...ay of parameters under consideration. In [19] it is shown that,
in the case of the determination of a single parameter «, the distribution in the 2-variable
space of cl(‘?)/co(\?) and CQ(V)/CO(\?) retains the whole information carried by the full
distribution da/d\? and hence allows determination of o with maximum precision. Fur-
thermore, it is argued that little loss of precision is expected if the phase space variables
O available after reconstruction of events from experimental data are used in place of the
true variables V.

Data at 172 GeV were analyzed by performing a binned extended maximum like-
lihood fit to the two-dimensional distribution of cl(ﬁ)/co(ﬁ) and cy(Q )/co( ) for each
TGC parameter. The expected number of events in each bin was computed using the
ERATO four-fermion generator [21] applied to samples of fully simulated events gener-
ated at a few values of the TGC parameters. A reweighting technique [22] was used
to estimate the cross-section as a function of each parameter fitted. The results are
shown in the first column of table 1. Figure 3.1 shows the distribution of the data in
the (cl(ﬁ)/co(ﬁ), cz(ﬁ)/co(ﬁ)) plane, together with its projections onto the two axes and
the expected distributions for the fitted value of one TGC parameter, oy y. The validity
of the technique was verified by applying it to a large number of samples of fully simu-
lated events corresponding to the same integrated luminosity as the data, generated both
with Standard Model and non-Standard Model values of the couplings. The mean values
of the precisions in the TGC parameters obtained from these samples were found to be
compatible with those from the data, and the pull distributions had means and variances



compatible with 0 and 1 respectively.
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Figure 1: a) Distribution of cl(ﬁ)/co(ﬁ) versus cz(ﬁ)/co(ﬁ) for aw, for 172 GeV data

—

in the jj0v topology. b) Projection onto the cl(ﬁ)/co(ﬂ) axis. c) Projection onto the

cz(ﬁ)/co(ﬁ) axis. The points in b) and c) represent the data, and the histograms the
expectation for the fitted value of o g.

Eems Topologies used
Gilv + 3375 + wlv + j3 X + X
awe —0.15%522
161 GeV | aw —0.341}2
OBy 0.231122
gilv | jjlv + 3355 + wlv | j5lv + 555 + (wlv + 55X
aws | 0.3815:32 0.3470:25 0.3010 2%
172 GeV | aw | 0.28702] 0.2510:29 0.2210-28
ape | 1.45%1H12 1.27114 0.4419:5%

Table 1: Results obtained from fits to TGC parameters at 161 and 172 GeV. For 172 GeV
data, values are shown using information from the semileptonic topology j7/r on its own,
then with the addition of data from the from the 7755 and fvfv topologies, and then with
addition of data from the single W topologies, 77X and /X.

Various systematic effects were considered, and the estimated errors incurred in the
fitted TGC parameters at 172 GeV are summarized in table 2. The table contains contri-
butions arising from the current precision of 2100 MeV/c? in the value of the W mass [23],
from the uncertainty in the LEP beam energy [24] and experimental luminosity, from the
theoretical uncertainty in the cross-section evaluation (taken to be 2% [1]), from the gran-
ularity of the binning used, and from the errors in the estimated signal and background



cross-sections due to limited simulated statistics and from uncertainties in the selection
procedure.

awe | aw | OBy

Common systematics, 172 GeV:

W mass 0.02 | 0.03 | 0.08
E., 0.02 | 0.02 | 0.04
Cross section 0.03 | 0.04 | 0.16
Luminosity 0.01 | 0.01 | 0.05

Topology jjlv, 172 GeV:
Binning granularity 0.02 | 0.03 | 0.04
Signal estimation 0.02 |1 0.03 | 0.12
Background estimation | 0.01 | 0.02 | 0.06

Topologies 7777 + lvlv, 172 GeV:
Signal estimation 0.04 | 0.05 | 0.06
Background estimation | 0.03 | 0.03 | 0.04
Topologies 77X + (X, 172 GeV:
Signal estimation 0.03 | 0.10 | 0.04
Background estimation | 0.09 | 0.21 | 0.13

Combined systematics, 161 GeV:
0.07 | 0.10 | 0.15

Table 2: Estimated systematic errors in the determination of TGC parameters. Details of
the common and topology-dependent contributions are shown for 172 GeV data; the total
of all contributions is summarized for 161 GeV data. The entries for the jj/v topology
at 172 GeV refer to the analysis of the variables cl(ﬁ)/co(ﬁ) and cz(ﬁ)/co(ﬁ) described
in the text.

In the second approach to the analysis of the jjfr channel, several calculations were
performed, studying both the joint distribution (cosfy,cos ;) and the distribution of
cosfy on its own. These represent the best measured variables, with little bias involved
in their direct estimation from the sum of the two measured hadronic jet vectors and
the direction of the observed lepton, respectively. Both binned and unbinned maximum
likelihood techniques were used, and calculations with three different four-fermion gener-
ators [16, 21, 25] were made. All gave compatible results. The results from an analysis of
the 172 GeV data in which the binned distribution in the (cosfy,cos 8;) plane was com-
pared with that computed using ERATO and a fast simulation of the detector response,
are as follows:

awy = 0.61T555(stat.) Tgig(syst.)

9



aw = 091507 (stat.) fo5(syst.)

agy = L74T08(stat.) 050 (syst.).

These results are in agreement with those from the Optimal Observable analysis, though,
as expected, with rather lower precision. Figure 2 shows the distribution of the data in
(cosfy, cos §;) and its projections, with the expected distributions for the fitted value of

QW -
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Figure 2: a) Distribution of cos 6, versus cosfy for 172 GeV data in the jjlv topology. b)
Projection onto the cosfly axis. ¢) Projection onto the cos 6, axis. The points in b) and
c) represent the data, and the histograms the expectation for the fitted value of ayy .

The analysis of the 161 GeV data in the jjfv channel was performed using only this
analysis procedure, and the results, which have a much smaller statistical weight than
those at 172 GeV, are combined with those from the channels considered below and given
in table 1.

3.2 Inclusion of results from the jjj; and (v(v final states

Information from channels populated primarily by the fully hadronic and fully leptonic
states from WW decays was added to that from the semileptonic topologies by comparing
the observed total numbers of events observed with those expected as a function of TGC
parameters. The GRC4F generator was used for the calculation, and fully simulated
samples of events generated with EXCALIBUR at TGC values of -2, 0 and 42 were used
to estimate the detector response. The values obtained by adding this information to that
from the 75/ topology are shown for 172 GeV data in the second column of results in
table 1. Some increase in precision is evident. The systematic errors due to uncertainties
in the estimation of signal and background cross-sections in these topologies are shown in
table 2.

3.3 Inclusion of results from the j;X and (X final states

Information from the topologies to which the single W production process, ete™— Wev,
contributes significantly was added to that used in the WW channels considered above.

10



In the 55X topology, the observed number of events as a function of the W production
angle (estimated from the sum of the two reconstructed jet directions) was compared with
the number expected as a function of TGC parameters; in the /X topology, only the total
cross-section information at 161 GeV was used.

Since the dominant mechanism for Wer production is via t-channel photon exchange,
information from this region of the four-fermion phase space can, in principle, be used to
measure the WIW+~ couplings independently of WW Z couplings. However, the present
statistics make this impracticable, and we choose instead to add this information to that
from the WW topologies. The results are shown in the third column of results in table 1.
Most of the parameters are hardly changed by addition of this data, but some improvement
is seen in the precision in apy; this has been confirmed by generator level studies, which
indicate that the cross-section in the single W region is rather sensitive to this parameter.
The systematic errors due to uncertainties in the estimation of signal and background
cross-sections in these topologies are shown in table 2.

3.4 Combined results

Combining the results at 161 and 172 GeV given in table 1, we obtain final results for the
TGC parameters:

awg = 0.247025(stat.) £ 0.06(syst.),
aw = 0.14199(stat.) £0.09(syst.),
apy = 0407070 (stat.) £ 0.24(syst.).

A systematic error was assigned to each parameter by combining the contributions from
the different topologies in table 2 according to their statistical weights, and adding the
first four contributions in the table, considered as common to all topologies, in quadrature.

The parameter values shown are all consistent with zero, and hence with the expec-
tations of the Standard Model.

4 Results on ZVvy couplings

Using the sample of 15 events with £, > 25 GeV and 45° < 0., < 135° selected from the
combined data at 161 and 172 GeV as described in section 2.2, a cross-section

olefe—~ + invisible particles) = 1.2 + 0.3(stat.) £ 0.2(syst.) pb,

corrected for the experimental efficiencies in this region, was estimated. The systematic
error comes mainly from the calorimeter energy scale and from the errors on the detection
and trigger efficiencies.

The cross-section given above corresponds to a limit

og(ete—~ + invisible particles) < 1.9 pb

at 95% C.L., including the effect of systematic errors. This limit is shown in figure 3
together with the predicted cross-section [26] as a function of the ZV+ coupling parameters

11



h3, and hZ,, defined in section 1. Limits at 95% C.L. of
|h3o| < 0.5 and  |hZ] < 0.9

are derived at a scale A = 500 GeV. Figure 4 shows the region accepted at 95% C.L. in the
(h39, h%,) plane when both these parameters vary, using an energy scale of A = 1000 GeV
and n = 3 in the form factor representation of hY. For current values of /s, the data
shows little sensitivity to the other C'P-conserving vertex factors, hY. If the analysis
is extended to measure the C P-violating parameters h], and h%, the same limits are
obtained as for h,.

The results obtained for hY show a considerable improvement over those reported
previously from LEP data [10, 11], and are very close to the limits set by the Tevatron
experiments [9].

O with anomalous coupling

DELPHI — PRELIMINARY
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; Ll | | | | Ll |
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Figure 3: Upper limits at 95% C.L. on the Zy+y and ZZ~ couplings from DELPHI single
photon data at 161 and 172 GeV.

5 Conclusions

From integrated luminosities of 10.0 _and 9.98 _at centre-of-mass energies of 161 and 172
GeV, respectively, we have derived results summarized in section 3.4 for the WWV cou-
plings ayvy, aw and apg using data from topologies populated both by WW production,
ete”— WTW~, and by single W production, ete™— Wer. We have also derived limits
on the ZV~ couplings h;’Z using data from single photon production, with results given
in section 4. We see no evidence in any of these results for deviations from Standard
Model predictions.
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Figure 4: 95% C.L. contour for the Zyv and ZZ~ couplings h}, and hZ, from DELPHI
single photon data at 161 and 172 GeV. The limits are derived using an energy scale
parameter A = 1000 GeV.
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