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The non-Abelian structure of the Standard Model is needed to describe the data!
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Couplings of the W to other bosons
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Vertex described by Lagrangian (only CP conserving terms of lowest dimension (6 couplings):
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Require U(1) �# gauge invariance and SU(2) $ U(1) symmetry (fix 3 couplings):
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Remaining 3 couplings are fitted:
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Couplings of the W to other bosons: measurement method
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9 Fit distributions directly

(DELPHI, L3)

9 Build optimal observables

(ALEPH, DELPHI, L3, OPAL)
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Couplings of the W to other bosons: Single parameter fit
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Theoretical improvements:: '�; *

corrections
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On-shell production On-shell decay9 Not all channels are included8

Statistical error will improve9 Largest correlated systema-

tic:

: '; *

corrections8

Need better understanding

of theory error
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Couplings of the W to other bosons: Single-W
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Couplings of three neutral bosons

Either ZZ in the final state
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C + ? %� A! AD A @

9 C + ? %� ,

C + ? %! and

> + ? %E@ are

F�G �

9 C + ? %D ,

C + ? % @ and

> + ? %B conserve

FG

8

All these couplings vanish in the Standard Model at tree level

Similar to couplings of W, SU(2) $ U(1) symmetry (hep-ph/0111283):

> + ? %B 
 C + ? %D -0/ 12 �> + ? %H@ 
 C + ? %� -0/ 12 �

(yet to be done)
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Couplings of three neutral bosons: ZZ
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Couplings of three neutral bosons: ZZ and
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Couplings of three neutral bosons: Z \
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Couplings of three neutral bosons: Z \
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Quartic boson self-couplings

Consider the following vertices:
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^+ _ ^+ `

Z



W

W

^ba

The anomalous contributions to these vertices are:� _
 � � c�d e f�g hQijc k �� k �� l �m l �m � � 
 
T � � 
 
� `
 � � c�d e f g hHnjc k �m k � o l � o l �m � � 
 
T � � 
 
� a 
 � � c�d eqp jc l � �m r ' l �� $ l � m * k �� � � � 


9 s

is the scale of new physics associated with these phenomena.

9 ^ _and ^ `conserve CP, whereas ^ a violates CP.

9 Couplings from Z could be different from W (here assumed to be the same)
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Quartic couplings: Z \ \

Standard Model:
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Quartic couplings: W \ \

Standard Model:
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Conclusions

u The existence of the non-Abelian structure of the Standard Model

has been proven by LEP experiments

u The vWW and ZWW couplings are in good agreement with

prediction of the Standard Model

u Many other possible boson self-couplings have been studied

No significant deviation from the Standard Model has been found

The Standard Model continues to describe the data...
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Correlated systematic errors

Source w 
 x 
 y �&

z|{ }

corrections

� 7QP 7 RV� 7QP 7 S 7 � 7 P 7 & S� 7 P 7 & ] � 7QP 7 & [� 7QP 7 & V
WW cross-section

� 7QP 7 & S� 7QP 7 & S � 7 P 7 7]� 7 P 7 7 X � 7QP 7 7 7� 7QP 7 7]

Bose-Einstein correlation

� 7QP 7 7Z� 7QP 7 7Z � 7 P 7 7 R� 7 P 7 7 S � 7QP 7 7 R� 7QP 7 7 Y

Colour-Reconnection

� 7QP 7 7Z� 7QP 7 & & � 7 P 7 7 R� 7 P 7 7 S � 7QP 7 7 R� 7QP 7 7 S

Fragmentation
� 7QP 7 7 S� 7QP 7 7 S � 7 P 7 7 &� 7 P 7 7 [ � 7QP 7 7 [� 7QP 7 7X

single-W cross-section

� 7QP 7 & 7� 7QP 7 & [ � 7 P 7 7 7� 7 P 7 7 7 � 7QP 7 7 7� 7QP 7 7 7

Combination done according to a new proposal: L3 note 2718
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