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INTRODUCTION

e In the STANDARD MODEL interactions between
neutral gauge bosons 7 and ~ are NOT allowed
at tree level. Loop corrections are unobservably
small (10~7).

¢ Physics beyond the SM (heavy fermions,
compositeness,....) in
Zvyy, ZZ~ and ZZ Z couplings (NTGC).

e At LEP2 NTGC can be probed through
Z~ and Z Z production:
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2-1
/~ coupling
‘ vertex parametrization I
Ys(4,)
. llﬁ}-l
V.(P) = wl:w(q pa»P)
V=ZN Z.(q,)

Lorentz and U(1).,, gauge invariance:
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Z~ coupling

‘ vertex parametrization |

e Needs a form factor not to violate unitarity:

h‘b" - / ?I"J;
LT (1 s/A%)n

A = scale of new physics
An alternative choice of parameters:

e " | ]l"t
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e h{, are CP violating
— NOT interfere with SM
hy , are CP conserving
— amplitudes interfere with SM

e h{, are dimension 6
hy , are dimension 8




/ 7 coupling

V,(P) -
= iGI: 7 b(""q ’P)

V= Z'fr' Z(q,

Lorentz and U(1).,, gauge invariance + Bose I
symmetry = only 4 independent couplings:
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Experimental signatures

Al LEP 2 :

®e'e —vry,qq

with a visible ~

are sensitive to /)

ec' e — 4f
are sensitive to [, -

26



27




28

//~ coupling

The sensitivity to the couplings is mainly
at large photon polar angle and large photon energy

MONTECARLO w7y channel
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‘ Properties I

Enhancement of longitudinal Z's U—E.: 200 (=)
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7 7 coupling

The cross section is strongly affected by the couplings
and the sensitivity strongly increases with /5




Z 7 coupling

Vs = 200 GeV
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7~ coupling

RESULTS PRESENTED TO THIS
CONFERENCE from DELPHI, L3,0FPAL

o« DELPHI
. vy fit the cross section

g fit of do /d cos o*

o L3
. 'Optimal Variables’ approach
. (E,,6,,9~,6 or:f) in the /- channel
. (E,, 0, ¢,) in the vy channel

e OPAL
. viry: fit the cross section } .
gy fit of do/d cos 9..}.3- §’



7~ coupling

EXPERIMENTAL RESULTS

STATISTICS of EACH
EXPERIMENT

DELPHI | 13 [oOPAL

vy 198 267 | 370
expected 196.5 294 412 |

) qdy 1077 956 1625
expected 1086 978 1577

Luminosity(pb~1) | 380 230 | 176

J/5Gev | 189-202 [ 192-202 | 189

Selection criteria different — determine different
acceptances in each experiment
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7~ coupling

RESULTS

vy channel

Recoliing Mass (GeV)

MONTECARLO PP NUNUGPV ane koRALT
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7~ coupling RESULTS

qqy channel

OPAL 189 GeV
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« OPAL data




7/~ coupling

gqy channel




RESULTS

B!

[/

LEP combined limits (95% CL)
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[-0.10,+0.03]
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[-0.075,+0.004]

[0.005,+0.056]

Preliminary DELP
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RESULTS

h<

(4
LEP combined limits (95% CL)
h# hé hZ hi
[-0.13,+0.04] | [-0.04,+0.08] | [-0.16,+0.07] | [0.04,+0.10]
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RESULTS

LEP combined limits (95% CL)
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/ 7 coupling
BESULTS |

RESULTS WERE PRESENTED TO THIS
CONFERENCE from DELPHI, L3 and OPAL up to
202 GeV

All the visible channels used
qqq'q .qqvv .qgl~ 1" 1 ew IR

« DELPHI
Fit the cross section calculated with DELTGC.

e L3

Fit the most significant variables to
distinguish signal and background. The
impact of anomalous couplings is obtained
with an extension of Excalibur generator.

« OPAL

Fit the cos 6 distributions and use an
extended YFSZZ generator.

W J
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EXPERIMENTAL RESULTS

STATISTICS of EACH
EXPERIMENT
(See Salvatore Mele talk)

@ Data
[] ZZMmC -
] Back. MC
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RESULTS

Y fZ
Japdis

LEP combined limits (95% CL)

71 #

fe

Iy

[-0.41,+0.39] | [-0.66,+0.68)

-

-0.89,+0.84]

[1.06,40.51] |

Preliminary DELPHI+L3+0OPAL
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A 4
fastiss

LEP combined limits (95% CL)

f;’ uaff fg u.lff
[-0.40,+0.38) | [-0.89,+0.86)
-0.66,+0.68] | [-1.06,+0.69]
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CONCLUSIONS

e No evidence of NTGC at LEP 2

. LEP 2 (DELPHI+L3+OPAL)

combination:

1. Z "Y couplings (h)) from vi7y and GGy
2. Z Z couplings ( f =) from 4f

> 2430 @V

3. Scale of new physics A
3y

e Systematic studies were done in each
experiment and included in the combinations.

¢ In the future include off=shell’ bosons (new
coupling parameters)
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