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Production at LEP2
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WW Cross Section

Measured o™ / KoralW

PRELIMINARY
08/07/2003
183 GeV _,._ 1.013 + 0.023
189 GeV o 0.969 + 0.013
192 GeV + 0.989 + 0.029
196 GeV _,_ 1,000 + 0.019
200 GeV _o| 0.973 + 0.019
202 GeV + 0.982 + 0.025
205 GeV e 0.960 + 0.018
207 GeV o 0.987 + 0.015
LEP combined 0.978 +£0.010
' ' /ndf=32.9/31
YRR

Measured ¢*'" / YFSWW
PRELIMINARY

08/07f2003

 .— 1.030 + 0.024

_._. 0.986 + 0.014
_._ 1.007 + 0.030
._._ 1.019 +0.020
_.é_ 0.992 +0.019
_'._ 1.002 £ 0.025
+ 0.981 +0.019
_.._ 1.008 + 0.016
4 099740010

¥*/ndf=32.7 /31
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Measured o™ / RacoonWW

PRELIMINARY

10/09/2003

1.029 + 0.024

0.987 £ 0.014

1.010 ~ 0.030

1.021 = 0.020

0.995 =+ 0.019

1.004 = 0.026

0.984 £ 0.019

1.011 = 0.0186

0.999+ 0.010
¥’ /ndf=32.7/31
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W Branching Fractions

SM: Br(W — ) =10.83% Br(W — hadrons) = 67.51%
W Leptonic Branching Ratios Br(W%hadrons) [%]

ALEPH e 10.95+ 0.31 |
L3 . 1040+ 030  ALEPH 5 67.33+ 0.47
OPAL _:__. 1040+ 0.35 al
LEP W—ev - 1059+ 0.17
ALEPH e 1111+ 0.29 N 1, T
L3 —a— | 972+ 0.31 |
OPAL i 1061+ 0.35 OPAL | B 6791+ 061
LEP W—pnyv - 1055+ 0.16 :
ALEPH ol 10.57 + 0.38 |

| LEP Py 67.77 £ 0.28
L3 | 4 1178+ 043 |
OPAL - 11.18+ 0.48 |
LEP Wotv | o 1120+ 022
LEP W—slv ¢ 1074+ 0.09

o n 12 e

Br(W—lv) [%] Br{W—hadrons) [%]

L V. |=0.989+0.014



+ — + — LEP Combination Signal Defn:
e e —)WW'Y E >5GeV
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Lowest dimension operators involving photons which generate
quartic gauge couplings but not triple gauge couplings:
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95% C.L. Limits on quartic couplings in GeV™” from WWy

DELPHI L3 OPAL

-0.020< a,/A*> <0.020 -0.017< a,/A> <0.017 -0.020< a,/A*> <0.020
—0.063< a /A® <0.032 -0.052< a /A <0.026 -0.053< a /A®> <0.037
—-0.180< a,/A* <0.140 -0.140< a /A* <0130 -0.160< a /A*> <0.150



e e —>VVyy

95% C.L. Limits on quartic couplings in GeV~> from combining
W'Wy and Vvvyy measurements:

L3 OPAL
~0.015< a,/A> <0.015 -0.020< a,/A* <0.020
—0.048< a, /A* <0.026 -0.052< a /A* <0.037

—0.140< a,/A> <0.130 —-0.160< a /A* <0.150



W Polarizationin e'e” > W*'W~

Measure spin density matrices p,, (5,€080y,) and extract polarized diff cross sec
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W Polarizationin e'e” > W*'W~

Polarized Differential Cross Sections
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Triple Gauge Couplings

7 Complex Triple Gauge Couplings (TGCs) in Lorentz Invariant
WWYV Vertex (V =v,7)
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Precision Electroweak Data — Effective Lagrangian must be
SU(2)XU(1) Invariant to a Very Good Approximation

This can be used to constrain allowed TGC values IF assumptions
about low energy (< 1TeV ) particle content are made:

Assuming effective Lagangian is C and P invariant , a relatively light
Higgs boson and no particles beyond SM at low energy —

g/ «, A, are free parameters

A Ak, tan”0 +Ag1 This model used for
kZ =2, 1d, 2d, 3d fits by all
gl =1 4 experiments, and

! for 1d & 2d LEP comb

all other TGCs =0

Assuming effective Lagrangian is C and P invariant ,a heavy (or no)
Higgs boson and no particles beyond SM at low energy —

g/ Kk, K, are free parameters
g =1
all other TGCs =0



Triple Gauge Couplings

Most important process for studying TGCsis e'e” > W W~

Also some sensitivity to Wy TGCs from
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Triple Gauge Couplings: W W Analysis

Use angular distributions from OPAL
all event topologies: S S -

Event_sjbin
T
% &
= S

WS - Ivag = < _
4999 0 L ' .
IV ' ! "

No jet flavor tagging - average
over jet directions in W rest frame.

1 5 400

Events/bin
T <
1 1 I 1 : 1

200 _— —_
Do W charge tagging to obtain ] '
W direction in qqqq events 0 o
c080;e¢
: = I W'W = qqlv,
Include total cross section : data 4+
= SM (A=0) —
B _' \=+0.5 oo
Use Monte Carlo to correct 20 - s
for detector effects and to ) E—— e background  Em
0 90 1§0

implement radiative corrections 9



Triple Gauge Couplings:

Systematic Errors

Source Ak, | Ag] A g:

a) O(a) correction 0.029 | 0.011 { 0.010 | 0.031
h) ISR 0.006 | 0.002 | 0.003 | 0.003
¢) Fragmentation 0.038 [ 0.013 | 0.018 | 0.047
d) TGC matrix element 0.011 | 0.005 | 0.004 | 0.005
e) Detector simulation 0.006 | 0.003 | 0.005 | 0.013
f)  Background 0.015 | 0.004 | 0.011 | 0.012
g) Vs, My 0.008 | 0.004 | 0.005 | 0.017
h) Bose-Einstein correlations | 0.001 | 0.000 | 0.004 | 0.005
1)  Colour reconnection 0.004 | 0.003 | 0.005 | 0.000

Total 0.053 { 0.019 | 0.026 | 0.061




Triple Gauge Couplings: O(a) Shape Sys Error
O(a) electroweak corrections to angular distribution shift A by 0.008

Total theory error estimated to be  AA = 0.005
Fits of A to cose:ﬂ distribution for BARE ,_

0.1 0.01

MC:Born [ MC = YESWW3 ] - [ MC = YESWW3 ] MC:Best
0.008
0.05/- 0.006F
T MC-INF MC:Best 0.004:—
O 0.002
A ok
-0.05 -0.002
-0.004F
W- Ll- V“ B
-0.1 -0.006
MC Generator MC Generator

OPAL & DELPHI assign O(o.) theory error = total shift in TGC due to O(a.) corr.
ALEPH & L3 assign O(a) theory error = 1/2 shiftin TGC due to O(a) corr.
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Triple Gauge Couplings: 1d & 2d Fit LEP Results
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Triple Gauge Couplings: 3d Fit Results

OPAL
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One-Loop SUSY Contribution to CP Violating TGCs
Hagiwara,Kanemura,Klasen,Umeda hep-ph/0212135
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ALEPH Preliminary

C, P Violating TGCs

183-209 GeV Data (684.0 pb™')

-0.088+0.119

0.059 + 0.091

-0.089 £ 0.065

0.064 = 0.050

0.058 +0.166

-0.043 +0.209

0134 £0.111

-0.084 +0.128

-0.036 + 0.061

0.041 £ 0.048

-0.034 +0.044

0.032 £0.035

0.051 +0.144

-0.169+0.248

0.102 + 0.097

-0.074 +0.153

L3 (Final)

0.00£0.139

OPAL (Final)

—0.04+£0.125



C, P Conserving TGCs, No SU(2) X U(1) Constraints

ALEPH Preliminary

183-209 GeV Data (684.0 pb ")
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Form Factor FT for Vector Resonance Enhancement of ee” > WL+WL_
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Summary

W Pair Production Cross Section Agrees with
SM at all LEP2 energies. Agreement is best
when O(a) electroweak rad corr are included.

W Decay Branching Fractions Agree with SM.
No Anomalous Quartic Couplings Observed.

Fraction of Longitudinal and Transverse W
Polarizations in Agreement with SM.

TGCs measured to few percent accuracy. No
deviation from the SM is observed.
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