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4. Hadronic cross sections e+e  q 
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4.1. Motivation

Determination of the hadronic vacuum polarization

contributing to precision tests of the Standard Model
a)
Measurement of  g - 2 of muons
 
             (Brookhaven E821)
b)
running electromagnetic coupling constant Sommerfeld (MZ )

(  prediction of mHiggs, corrections to electroweak data
4.1.1.  Anomalous magnetic moment of muons
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One of the best measured numbers of physics, calculated within QED up to O (5)

(
Sensitive to hadronic vacuum polarisation 





(
Sensitive to weak corrections (due to W, Z, Higgs) 


 

(
might reveal effects beyond SM   
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Hadronic contribution to vacuum polarisation dominated by low energy effects which cannot be obtained by perturbative QCD  for low s
but rather by experimental data of e eannihilation into hadrons 

calculating the dispersion integral
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up to some sufficiently high energies, typically 2…10 GeV, and by

pQCD for higher energies






 being a smooth function (
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Energy denominator 1/ s2 ( 1/ E4 enhances dramatically low energy 

(non perturbative) contributions

Present Numbers:
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weak correction:
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(and to look for new physics, SUperSYmmetry effects?)

Changing sign of light-by-light scattering during 2001:
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But, much more sensitive to hadronic and electroweak quantum loop as well as ‚new physics‘ effects, since such contributions are generally proportional to 
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 enhancement compensates for the reduced experimental precision and makes 
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Hadronic light by light scattering (sign changed since Oct. 2001)
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Most recent higher order calculations (basically changes of sign)
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sign changed Dec. 2001
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decays and e+ e annihilation
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Weak contribution (1st order)
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Supersymmetry

a  is a sensitive test for SUSY models with large tan 
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being some typical SUSY loop mass)
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Why DANE is important for a?
DANE covers about 77% of  
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 resonance covers 72 % of the hadronic contribution to a)

Main multiparticle channels:
e+ e ( continuum ( hadrons







e+ e ( +    
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e+ e ( K+ K
e+ e ( KL KS

4.1.2.  QED (MZ), running fine structure constant

(
Hadronic correction of 5 light quarks
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shifts Sommerfeld (MZ)
· limiting precision tests of the SM  at LEP and SLC energies

(
effective Weinberg angle 

has an error 

of 0.00016 at present, whereas the hadronic corrections 

contribute an error of about 0.00014

(
might constrain Higgs mass 
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Leptons (calculable in perturbation theory)



 

Quarks   (not calculable in perturbation theory, using unitarity and analyticity

       constraints for the photon vacuum polarisation function)
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DANE -energies:
  
  

  50 (104
all energies:



        280 (104 (to be discussed)
(
results from BES indicate significance

(
new  investigations (Adler function) show that  pQCD can

give results down to ca. 2.5

               Eidelman, Jegerlehner et al. 1999
(
higher order  QCD calculations  
                            Kühn, Steinhauser 1998 

KLOE can also significantly contribute to reduce the error of  
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