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3.1. ZZy couplings 

Self-couplings of the electroweak gauge bosom 
are a prominent feature of the Standard Model, and 
several extensions have been proposed [4,7,X] which 
imply couplings also between the neutral gauge 
bosons. Taking the ZZy coupling in particular, the 
most general vertex function invariant under Lorentz 
and electromagnetic gauge transformations can be 
described in terms of four independent dimensionless 
form factors, denoted by hf , i = 1,2,3,4. The contri- 
butions involving hf and hg are CP-violating while 
those involving the other pair of form factors are 
CP-conserving. All four form factors are zero at the 
tree level in the Standard Model. At the one-loop 
level, hf and hg are zero while the CP-conserving 
form factors are nonzero but too small to be seen. 
Thus observation of ZZy couplings would be a clear 
signal of physics beyond the Standard Model. 

The single-photon topology from ZZy couplings 
is obtained in the case that the photon is real and the 
final-state Z decays into neutrinos. ZZy couplings 
would be manifest in the photon energy spectrum as 
an enhancement which becomes visible at E,, - 15 
GeV and increases monotonically with energy until 
near the kinematic limit. This is illustrated by the 
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Fig. 2. The energy spectra of single-photon events expected in our 
search from (a) the Standard Model only (solid histogram), (h) the 
Standard Model modified to give the r neutrino a magnetic 
moment of the magnitude indicated (dashed histogram), and 6) 
the Standard Model extended to include an anomalous ZZy 
coupling (dotted histogram). See text for additional description of 
models. The points show the energy spectrum of the single-photon 
candidates found in the search. 

Fig. 3. Upper limits at the 95% C.L. on the ZZy coupling 
parameters h$, and h& obtained by L3 and by DO [22] for 
A, = 5OOGeV. The Standard Model prediction is indicated by the 
dot. The region of parameter space allowed by unitarity is shaded. 

dotted histogram in Fig. 2 where we have taken just 
one of the form factors describing the ZZy vertex to 
be nonzero. We have followed [6] in adopting the 
parameterization hf = hfa/(l + s/A:>“1 with n, = 
n3 = 3 and n2 = n4 = 4; A, = 500 GeV was used 
for the calculation shown in Fig. 2. 

In order to calculate the number of events ex- 
pected in the presence of ZZy couplings, we convo- 
luted generator-level event samples [21] with our 
fiducial cuts, selection efficiencies, trigger efficien- 
cies, and integrated luminosities in order to derive 
the expected number of observed events as a func- 
tion of anomalous couplings parameters. The inter- 
ference between the Standard Model amplitudes and 
anomalous coupling amplitudes was taken into ac- 
count. To obtain more stringent limits, we further 
required E, > i Ebeam. 

Fig. 3 shows the 95% C.L. upper limit contours 
on the pair of CP-conserving form factors for A, = 
500 GeV assuming the CP-violating form factors to 
be zero; the corresponding limits on the pair of 
respective CP-violating form factors are practically 
the same. Our limits are not very sensitive to the 
choice of A, for A, B- m,. It should be noted that 
though there is strong interference between the two 
CP-conserving anomalous couplings and between the 
two CP-violating couplings, the interference between 
CP-violating and CP-conserving couplings is negligi- 


