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Theoretical Motivation

Study of SM in the gauge ‘
neutral boson sector . ° o(ee—> X) (pb)

Test of physics beyond SM *
(anomalous couplings, extra "7 T e
dimensions, new particles,...)

Irreducible background for
Higgs searches (in particular
my ~ my)

Experimentally, search for ZZ vz
2 L \ K/—

production competes with other

more Coplous proccesses. 10100‘ ‘120‘ ‘ ‘140‘ ‘ ‘H‘SO‘ ‘ 180 ‘250 220 240
Vs (GeV)

At LEP, ZZ seen coming alive.
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ZZ production

& 7 o+ 7 @ t-channel exchange.
T \ & no s-channel in SM.
D # NCO08-NCO02 diagrams (Z - V)
are background.

/Z / Z @ LEP combination definition

(not L3, e.q.)
Standard Model Proccess
Signal Definition: Neutral Current 02 diagrams (NC02)

New physics (may affect SM ZZ production)

Anomalous couplings, extra dimensions, Higgs exchange  B.delaCruz
CIEMAT (Madrid)
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LEP Experimental Data

LEP experimental data sample amounts to ~660 pb-! per
experiment, taken during 1997 - 2000,
at Vs = 183, 189, 192, 196, 200, 202, 205, 207 GeV.

F 1997 1998 1999 2000

Remark: Results from data at

Vs > 202 GeV are preliminary for all 4
LEP experiments.

LEP combined results are those
presented for summer conferences.
Delphi has updated preliminary
results since then.

L&5 L] L%5 200 205 210
ECMS (GeV)
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// decays and Final States

Decay
Channel | Br (%) | Eftic (%) Bkgd. Signature
qqqq 49 30 —40 WW, qq-y 4 jets, No energy imbalance
bbqq 20 20 WW. qqy 4 jets, No energy imbalance,
b-tagging
q].]. 14 60 Zee, Zry, WW — qqli 2 jets + 2 leptons
I=fe, pr. T)
qq:v 28 40 Wer, WW — qqlw, gg-y 2 jets, B, i
1123 % 2.7 40 WW — livliv, rad. Bhabha 2 leptons, B, .
P
I=fe, 1)
1111 1 50 Non reson. 41 4 leptons
i
Trvy | 1.3
VY ot
o [T U
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Aleph: ZZ - bbqgg at Vs= 196 GeV

DALI_EZ2 E(T=198 Pch=133. Efl1=193. Ewi=35.0 Ehe=&6T.3 15423_2 Brn=43335 Ewt=13
ALEPH lIch=26 EV1=0 EVZ=0 EWi=0 ThT=0 99-06-16 2:15 Detb= E1
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Opal: ZZ - gqvv at Vs =205 GeV

M, = 92.6 GeV

M, oc = 90.4 GeV
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Delphi: ZZ - llll at Vs =200 GeV
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Cross section for ZZ production

Determination of o,, from a global likelihood fit, including all channels,

q Binned discriminant variable (ggqq, qqvv)
8 Poisson probabilities of number of events observed and expected

11, 1, 1wy
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Cross section for ZZ production
LEP Combination

O, from each experiment combined using symmetrized expected statistical errors

: s LEP Preliminary
0.01-0.07 pb ,
. back rounds( 12.0% uncertainty
Uncertainty on backg qq, [
WW, Zee, Wev), ) N
Uncertainty on b-quark modelling. N 8
bZ
Detector,
Selection procedures (jet kine.,
lepton id effic.,...) 0.5
Limited MC statistics,...
Very good agreement with SM! |
01’.-'0 180 190 200
E.. [GeV]
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Results from ZZ production

Z Production polar angle,0
' L3 Vs=183-202 GeV
® Data
_ ZZ MC
Back. MC

Events/0.2

0 0.2 0.4 0.6 0.8 1
cos0O
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Br (Z - bb)
determination
0.196 + 0.032

€Lepl result:
1 0.151 + 0.001
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Neutral Anomalous Couplings

, Couplings are zero are tree level in SM;
at 1 loop, ~10+ (below experimental
sensitivity).

New physics may modify SM rates.

yAd

Ny

Possible deviations from SM can be quantified in terms of an effective
Lagrangian

1
L=Lzm+ Az '[E heCl + ﬂOD

Vertex parametrization: Lorentz, gauge U(1),,, invariance, Bose symmetry

—_—

(P2 — 2 ™,
T s an ) = m, VD [ (gt 4 PRy _ Y oy — )]
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Neutral Anomalous Couplings

Z

yAd

Zhy

2 independent sets of neutral couplings, depending on final state vector bosons:

Final State Coupling Parameter (V=2,Y)
Y4 727*7 f,v, fsV
Zy*Z
Zy Z7*y h,V, hY, hV, h,V
ZY*y

f,, hy, h,: CPviolating, no interference with SM
fe, h;, h,: CP conserving, interfere with SM
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Neutral Anomalous Couplings Signatures

Change in polar angle
distribution of Z boson

ole'e = Z7)
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f.22/= 1.0
f.222=1.0
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Neutral Anomalous Couplings Limits

Measured ZZ production agrees with SM [0 no evidence of AC, but set

limits on them. Preliminary
LEP ALEPH+DELPHI+ L3+OPAL

1-d fit

Parameter |95 (%) CL Limits
f] [-0.17, +0.19]
i [-0.31, +0.28]
f) [-0.36, +0.40]
2 [-0.36, +0.39]

1 parameter different from
zero at a time.
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Neutral Anomalous Couplings Limits

1 — 1 ' 0.5 T T T
LEP Preliminary LIJ:'P Preliminary
054 ] . 0.25- / \\ .
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: 0.5 0 0.5 1 04 02 0 02 04
fX f¥
2-d fits Parameter |95 (%) CL Limits | Correlations |
f% [-0.17, 40.19] | 1.00+0.10
2 parameters different from g [-0.30,+0.28] | +0.101.00
zero at a time. fg [-0.34, +0.38] | 1.00-0.18
f [-0.36, +0.38] | -0.18 1.00
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Conclusions

The Standard Model has proved, once more, to work very satisfactorily
+0,, measured agrees with expected,
*no ZZZ, ZZy anomalous couplings observed, set limits (| f| ~ 0.3)

LEP2 has shown to be consistent with LEP1

+Z pair production depends on properties measured at LEP1 =
Br(Z - bb)
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