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Constraints on the anomalousZ yy and ZZ vy vertices at Next Linear Collider energies
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We study the effect of anomalo@P-conserving gauge boson couplings of gy andZZvy vertices on
the reactione®e™ — yZ* — yu* ™ at NLC energies. Limits on these trilinear couplings are obtained at the
95% confidence level for different form factor scales, assuming that any other neutral gauge boson couplings
vanish at the tree leve]S0556-282(198)00309-9

PACS numbdps): 12.60.Cn, 12.15.Ji

I. INTRODUCTION CP-conservingZZy vertex in momentum space is given by
[3]
An important goal of the next generation of lineafe™
colliders[Next Linear Collider(NLC)] is to search for pos- . el Y app 1 proa
sible deviations from the standard model of electroweak inVzyz (K.p.q)=ie M2 h3e#*"Pp,+ IVER A (L
teractions. Several collaborations are currently studying the z z

physics potential and developing feasible designs for thes¢pg jngex assignments and momentum flow are represented

machines at test facilities. In particular, these colliders will;, Fig. 1. The correspondingyy vertex can be obtained
be very useful to investigate both the form and strength ofrom the expression above by the substitutiofs- k2— g2
the self-interactions of the electroweak gauge bosons, whichq hZ ,~hZ,. The anomalous couplings, andh , where

are determined in the standard model by an underlying/— 7 are form factors which vanish at asymptotically
SU(2)xU(1) gauge symmetry. Any deviation of these cou-phigh energies. Following Refi3], we take these energy-

plings from their standard model values would pOint to nerependent anomalous Coup"ngs to have the d|po|e form
physics. Anomalous gauge boson couplings have been exten-

4

sively discussed in the literatufé]. Although the structures '\6
of the WWy and WWZ vertices have received the most at- hY(g?) = 2' S 1=34, V=v.Z,
tention, some theorists have emphasized the importance of (1+q7AS)N

measuring neutral boson self-couplini@s3], and over the h _ A4 A | | |
last years, considerable effort has been made by experimeW- eredn3a'3h ‘:["r? Ny=4. ¢ |sdsoc;neh arge eni;gy tsca_?h
talists to search for anomalowyy and ZZy couplings around which the new nonstandard pnysics would set in. The
[4.5]. bounds on the anomalowyy and ZZy couplings esta_b—

In this paper we analyze th@P-conserving structure of lished by the DO Collaboration at the Fermilab Tevatpgm

the Zyy andZZy vertices through the differential cross sec- CoII_ider are the most stringent experimental limits currently
tions for the procese e’ — yZ* —yu*u~ at NLC c.m. available[5]. For a form factor scald =750 GeV and com-

energy Ys=500 GeV and an integrated luminosity of biningythe decay ;nOdeB_)'“/é’ee"”" the 950? C.L. limits
10 fb L. The most general Lorentz and gauge invariant®'®|h3d <0.45,[hj)<0.06, |h3] <0.44, andhjg <0.06.
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FIG. 3. !Dependence of the total cross section on the ¢.m. energy FIG. 4. Transverse momentum distribution for the photon, for

(;/E,dfor a(? ||nput d?‘:"?"e\: i‘;s Tev. C;urvega) represents t(;'e stzn- an input scale\ =1.5 TeV.(a) represents the standard model pre-

ard moael pre |ct.|on, while \(/:urve( )3n © cgrrespon to the diction, while (b) and (d) correspond to the anomalous couplings
anomalous couplings hlf,,hy)=(10"2,0) with V=Z and (h%,hY)=(3x102,0) with V=2 and V=7, respectively.

V=1, respectively. Curves(d) and (e) correspond to Curves () and (¢) corres VoLV 3y i
. . pond to lf3,h;0) =(0,3X10°) with
(hYy,hY%)=(0,10"3) with V=Z andV= v, respectively. V=27 andV=y, respectively. 30:Nio)

Il. CROSS SECTIONS AND LIMITS .
From the photon transverse-momentum spectra the confi-

In order to find distributions most sensitive to anomalousdence intervals for the form factors were determined ky a
Zyy and ZZy couplings, we carried out a Monte Carlo analysis. The interval was divided intmg=6 bins and the
simulation of the process™e*— yZ* —yu*u™. The rel- 2 function defined as
evant Feynman diagrams are shown in Fig. 2. The corre-

sponding amplitudes were written in a form suitable for nu- ng [ \SM_ AN 2
merical evaluation. For the electroweak parameters we used XZZE I B
sif4,=0.23, M;=91.187 GeV, I',=2.49 GeV, and =1\ ANPM )

a(M%)z 1/128. To take into account typical detector accep-
tances, we imposka 5 GeV cut on the energy of the final-

; : NSM
state photon, and required that the photon emerge with !

\éyhere and NN stand for the number of events in the
polar angled,, , measured with respect to the direction of the h bin predicted by the standard model and in the

! i ) P presence of anomalous couplings, respectively, and
incoming electron beam, in t_he range<8,<175°. Flgurt_a ANSM= JNSM5 (NSV5)2 represents the corresponding sta-
3 shows the total cross section of the process under discus- . ! !

sion, as a function of the center-of-mass energy At?i_stical and systematic errors added in quadrature. We con-

\/§= 500 GeV the total event rates for models with anoma—Sldere<j a systematic error=2% for a measurement.
lous couplings are comparable to the rate in the standard I ,
model, corresponding to a total number of events of the order ~ 5°] »1s7v ] 807 As1sTev
of 10° for a conservative integrated luminosity of 10~ fo . ol
Several kinematical distributions were calculated and the _ | ] ’
transverse momentum distribution of the photon was found g .
to be the most sensitive to the anomalous couplings. In gen-"=
eral, the distributions are more sensitiveh)) than tohy . 25
Figure 4 shows the transverse momentum distribution ] 20]
do/dx; in terms of the scaled variabber=2k+/+/s, where P R T A B A2 86 08 o6 1z
kt is the photon transverse momentum, both for the standard hy, (x10%) hy,” (x107)
model and for anomalous couplings. All nonstandard distri- — **7T 7 ; s0] T
butions were calculated with=1.5 TeV. The curves show

a peak aroundc;~0.1, which corresponds to contributions - ] 409
from those events in which an energetic photon comes outg
with small angles. The position of this peak is determined 2 -
basically by the angular cut. The deviations from the stan- < _ i ] 403
dard model increase for moderate and large values of the
photon transverse momentum, the more so in the presence 0, : : , et
nonzero form factork . In fact, at the energy's=500 GeV o e i g E Al w0 ) oo S0 8o
the sensitivity ofda/dx; to hy andhy depends essentially o 107 = 010

on the regiorx;=0.8, and is not reduced by a more stringent  FIG. 5. 95% C.L. contours in thi},—h}, andh5,— h%, planes
cut at the lower end of the; spectrum. both for A=1.5 TeV andA =0.5 TeV.
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TABLE 1. 95% C.L. bounds on the form factors fédr=0.5 TeV andA =1.5 TeV. (a) Concerns the
correlated limits derived from Fig. %b) the correlated limits in the presence of both ey andZZy (Figs.
6 and 7, and(c) the one-degree-of-freedom constraints on the form factors.

Coupling A=15TeV A=0.5TeV
@
h2, —5.83x10 2 +5.95¢10 2 -3.41x10°* +3.49x10°!
hlo —-4.53x10°3 +4.77x1073 —4.78<1072 +5.03x 1072
h%, -1.01x10* +9.86x 102 -5.91x 10! +5.75x10° !
hZo -8.11x10°3 +7.73x10°3 —8.51x1072 +8.12x1072
(b)
hl, —1.40<10°2 +1.40<10°2 —8.24x10°2 +8.17x10°2
hlo -1.10x10°3 +1.11x1073 —1.15x1072 +1.16x1072
h%, —2.24x10°2 +2.46x10°2 -1.31x10* +1.44x10°*
hZo —-1.95x10°3 +1.76x1073 —2.03x1072 +1.84x1072
(©
hl, —1.21x10°2 +1.12x<10°2 —7.07x10 2 +6.53x10 2
hlo —-8.75x10°* +9.51x1074 —1.11x10°2 +1.00x 1072
h%, —1.89x10 2 +2.10x10°2 -1.10x10°* +1.23x10°*
h%, —-1.65<10°3 +1.48x<10°3 —1.73x1072 +1.55x 1072

First, we obtained thay,— hy, confidence regions for the thereof. Considering the occurrence of only one anomalous
case where anomalous couplings arise either fronZthg  vertex (either Zyy or ZZy), the gains in sensitivity were
or from theZZy vertex. Figure 5 shows the 95% C.L. el- negligible and the 95% C.L. ellipses were found to be essen-
lipses in thehy—h}, and h5;—hj, planes, both fon=0.5  tially the same as those in Fig. 5.
TeV andA=1.5 TeV. Clearly, the sensitivity of the trans-  Next we analyzed the pairwise correlated limits for cou-
verse momentum distribution to variation fify andh, in-  Plings arising from th& y’y andZZy vertices. In Figs. 6 and
creases with\. The correlated bounds derived from Fig. 5 7 the central ellipses result from the photen distribution
are displayed in sectiofe) of Table I. We also computed with unpolarized electron beams, whereas the larger ellipses
kinematic distributions using longitudinally polarized elec- Were obtained from polarized distributions. Here one sees

tron beams and determined the 95% C.L. exclusion contourdat longitudinally polarized electron beams can be useful to
constrain even further the allowed regions in the parameter

spaces. The simultaneous presencgpy andZZy vertices

gives rise to important interference terms whose contribu-
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FIG. 6. 95% C.L. contours for pairs of form factors, one of 20 40 00 10 20 80 A8 00 15 30
which comes from th&yy vertex while the other comes from the h,’ (x107) h,.' (x10%)

ZZy for a scaleA=1.5 TeV. The ) signs beside the long el-
lipses refer to the helicity of the incoming electrons. FIG. 7. Same as Fig. 6 but for a form factor scAle-0.5 TeV.



57 BRIEF REPORTS 5911

tions roughly cancel out in the unpolarized cross sectionsstraints are presented in secti(@) of Table I. They are at
For definite-helicity electron beams, however, some of thesteast one order of magnitude more restrictive than the present
interference contributions survive, leading to the oblique el-experimental bounds.

lipses in Figs. 6 and 7. The correlated bounds that result from
Figs. 6 and 7 are shown in sectidb) of Table I. We also
varied each form factor, while keeping all the others at their
standard model values. These individual 95% C.L. con- This work was partly supported by CNPq and FINEP.
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