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• JPC=1- - states spectroscopy, study of their decays

• Calculation of hadronic contributions into amand aQED(mZ)

Dominant uncertainty from lowest order hadronic piece. Cannot be 
calculated from QCD (“first principles”) – but: we can use experiment (!)
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BaBar
preliminary
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wp0
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r 0 
 0(980)
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� � � � � � � � : wwwwpppp++++pppp----     
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G=0.35±0.04±0.05 GeV
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� � � � � � � � : K+K-p0, KSK-p+

���

�

���

�

�

�

�

�

�
	

�

�

	

�

�

�

�
	




�

�

�
	


�

�

�

�
� ��

�

�

�

�

�

���

�

�
� �� �

�

�

�

�

�

�

�
�

�

���

�

�

�

�
�

�

�

�

�

�

�

 

�

�

�"! ��#

p

$

 

�

�

�

�




�

�

�

	




�

�

�

�

%

��&

��	

�

	

�

�




�

� �

	

�

�

�

�

�

�

'(	

�
)

	 	

�

*,+

�

�

�

�

*
+

�

�

� �

�

�

�
�

�

	


 �

-/. -

±±±±

0

aaaa 1�2

3

4 aaaa 1�2

5

6�7

-

3

0

aaaa 1�2

3

7 aaaa 1�2

5

6

8

�

�

�

�

�

�

�

�
�

�

�
�

�

 

�

�

�




� 9	 :

�

�

�

�

�

�

�




�




: �

�

�

�

:

�

�


 





	 :

�

�

�

�




: �

�

'(	

	

;

�

�

� :

�
	

�

'

�

�

<  

�

�

�

�

�
� ��

�

�

�

�

�

 

�

�

�
�

�

�
� � � �

�

�

=

KK ±±±±****

00
and   

KK

KK

****

±±±±****

>

?

@A
B CD

E

?

FHG

I

?

@A
B C D

E

?

FHG

D

?KJ

@A

ILM D

E

?

F

G

I

?NJ

@A

ILM D

E

?

F

G

D



24

� � � � � � � � ��j h, j p0

�

�

��

� j h

���

�

�

�

�
	

�
�

� �

�

��

�

�

�

�
�

�
�

�

�

�

�

	

�

�

�

�

j �

�

�

�

�

���

�

�

�

�

�

�

���

�

�

�

�

�

�

w �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

� �

�

�

�

�

��  

�
�

�

���

�

�

��

� j p0

���

�

�

�

�

�

�

�

�

�

�

�

�

��

�

	

�

�

�

�

�

�

�

�

	

�

�

�! �	

�

�

� �

�

�

�

�

�

�

	 �

�

�

"

�

�

�

�

�

�

�

�

�

�

���

�! �	

�

�

�

�

�

�

�

�

�$# j p0
�

�	 � �

�

� �

�

� �

�

�

� �

�

�

�
�

� �  

�
�

�

���

%

�

�	

�

�

� � �

�	

�

�

�

�

�

�

�

�

�

	

�

�

�

�

�

�

�

�

�

�
&

�

�

�

�

�

�

�

�

�

	 �'

�

�

�

(
)

*+ , ,.- / , 0

�

1

# G)

2 , ,
-

* , , 0

�

1



25

	 
� �� � �
 � 
 � � j h��� � �

���

�

�

�
�

�

�

�

� j

�
	 
� �


��

�� �

�
�

	

�

��

�

� � �

�

��� 	 
� �

�

� �

G �

�

�
	

�

�

� ��� �
�

	 � �

�

� �

G � �

�

�� �

�


 �

�

���

�

j h

�

� �

!
� ~

	

�

�

"$#

j h %

&

�

# #

�

'

�

&

�

(

� �

)+*

,

�

&

�
�

� 	 � -

�
� � ��� �

� G�

�




�


 � �

�

�

,

� �
� �

#

*

,

�

&

�

�

,/.

�

�

�

,

.

#

,

0

,

% �

#

%�

�

1

�2

3 j

054

�

-� �




6�7 89
:

;$< 9= 6?>

@

GGGG7

;=

<

8 ; 6?>

@



26

� � � � � � 
 � � � � 
 � 
 � � �� � � � � � �

� � �� � �� � �� � 	 �
 ��� �� 
 	 �	 � 	 � � � �� � � � 	 �� � � �� 	 � � 
 	 �� � � � 	 � � 	 � �
p+p- , p+p- 3p0, p+p- 4p0, �

�

� ���� �� ���� �� �pp, � ��

�

p- p0

� � � � �� 	 �� 	 � � � � 	 � ��



27

� � � � � � � � ��� � � 	 
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 � �

The ratio of form factors |GE/GM| can be obtained from the analysis of the baryon 
angular distribution. The terms  corresponding GM and GE have angular 
dependence close to 1+cos2q and sin2q, respectively.

Nonzero relative phase between form factors leads to polarization of outgoing 
baryons. For LL final state, L decay can be used to measure polarization.

(s=1/2) cross section 
depends on two form factors, 
electric GE and magnetic GM. 
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hadrons

t
nt

W hadrons
g

e+

e –

CVC: I =1 & VW: I =1 & V,A gggg: I =0,1 & V

Hadronic physics factorizes in Spectral Functions.

Isospin symmetry connects I=1 e+e– cross section to vectortttt spectral functions:

branching fractions mass spectrum    kinematic factor (PS)
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� � � � �� � 
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·Significant progress is reached in measurement of 
exclusive e+e- channels in mass range below 3 GeV
·Most important results expected during next year: final -
p+p- (KLOE), p+p- 2p0 (BABAR,CMD-2), new - p+p- (BaBar)
·Obtained data allow to determine parameters of excited r - , 
w- , j -states. Simultaneous fit of all channels?
·There are significant discrepancies between tau and e+e-
data for 2p, 4p final states. New data from Babar and Belle 
on tau decays are expected
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