


An alternative measurement of  
αQED 

(at e+e-colliders in small angle Bhabha scattering)

A.Arbuzov D.Haidt C.Matteuzzi M.Paganoni L.T.
                                                                                                          CERN-PH-TH/2004-016  -  hep-ph/0402211
                                                                                                          European Physics Journal C35, 267 (2004) 

               

                                                           Roma  “la Sapienza” 10/3/2006



We propose a method to determine the running of 
αQED 

from the measurement of small-angle Bhabha 
scattering

  

The method is suited to high statistics experiments 
at e+e− colliders, which are equipped with 

luminometers in the appropriate angular region 

We present a new simulation code predicting small-
angle Bhabha scattering   



The electroweak Standard Model SU(2) ⊗ U(1) contains 
Quantum Electrodynamics QED as a constitutive part. 

The running of the electromagnetic coupling 

αQED(q2)
is determined by the theory as  

αQED(q2) = αQED(0) /1 − ∆α(q2)
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“fine structure constant” 



arises from quantum loop contribution to the photon
      propagator receiving contributions from quarks (hadrons), leptons

and gauge bosons
 

The hadronic contribution is estimated in the s channel with a dispersion 
integral

from the cross-section e+e- to hadrons cross-section  

!"(q2) Vacuum polarization
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• the running of α is evaluated by using small-angle Bhabha scattering 

• This process provides unique information on the QED coupling 

constant α at low space-like momentum transfer t = −|q2| in the t 
channel, with        t = − (1/2 )s (1 − cos θ)   for example for                                                 

Here we follow an alternative approach:
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The method  to measure  αQED 

exploits the fact that the cross section for the process e+e− → e+e− can be 
conveniently decomposed into three factors:  

 

• The Bhabha Born cross section, including soft and virtual photons is 
precisely known and accounts for the strongest dependence on t

•  The vacuum-polarization effect in the leading photon t-channel exchange 
is incorporated in the running of α and gives rise to the squared factor 

• ∆r(t) collects all the remaining real (in particular collinear) and virtual 
radiative effects not incorporated in the running of α

• The experimental data (after correction for detector effects) have to be 
compared with this distribution



The precise determination of the luminosity at e+e- colliders is a crucial ingredient to 
obtain an accurate evaluation of all the physically relevant cross sections. 

They necessarily have to rely on some reference process, which is usually taken to be the 
small-angle Bhabha scattering. 

Given the high statistical precision provided by the LEP collider, an equally precise 
knowledge of the theoretical small-angle Bhabha cross section is mandatory. In the 1990’s 

the substantial progress in measuring the luminosity reached by the LEP machine has 
prompted several groups to make a theoretical effort aiming 

at a 0.1% accuracy.

 This goal has indeed been achieved by developing a dedicated strategy. 
For the first time small-angle Bhabha scattering was evaluated analytically, following a 

new calculation technique that yields the required precision
                                                                                    Arbuzov,Fadin,Lipatov,Merenkov,Kuraev,T.(1995)
                                                                                                                                                                                                    Nucl.Phys.B485(1997)457 

Analytical calculations have been combined with Monte Carlo programs in order to 
simulate realistically the conditions of the LEP experiments

 
LABSMC                     NLLBHA                    SAMBHA

BHLUMI

An even better accuracy can be reached once the complete two-loop 
Bhabha (including α constants) cross-section will be computed

The evaluation of the luminosity
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For the present investigation of the small-angle Bhabha cross section only the 
correction consistently needed to maintain the required accuracy are kept 

All these corrections are included in the new code SAMBHA

All the following contributions have been proved to be negligible and are 
dropped: 

• Any electroweak effect beyond the tree level, for instance appearing in 

boxes or vertices with Z0 and W bosons, running weak coupling, etc. 

• Box diagrams at order α2 and larger 

• Contributions of order α2 without large logarithms, leading from order α4 

(i.e. α4L4) and subleading higher order (α3L2, α4L3, ...) 

• Contributions from pair-produced hadrons, muons, taus and the 
corresponding virtual pair corrections to the vertices (estimated to be of the 

order of 0.5×10-4)
 



Future Linear Collider



Linear Collider

Let us consider the case of a e+e- collider with
Ec.m.from 500 to 1000 GeV

The acceptance angles for the Luminosity determination are:

! <  7.201.80<

The min and Max values for t= -Q2
can be readily estimated
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The new code SAMBHA



BHLUMI is compared with SAMBHA for integral and, 
for the first time 

also
differential distributions

 The actual measurements are of calorimetric type
 Therefore, event samples are generated with both programs, subjecting each event to a 

common set of calorimeter-like criteria  (CALO) 

ρ(t) = (dσsambha/dt − dσbhlumi/dt) /dσbhlumi/dt 

Comparison of SAMBHA with BHLUMI
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Calorimetric type measurement

Forward

Backward

1.The cluster is reconstructed
2. Find the cluster center

3. The highest energy cluster in each emisphere F, B
4. Energy Cuts (suppresses the Initial State Radiation) min(EF,EB)>0.65 Ebeam   

                                                                          Max(EF,EB)>0.95 Ebeam
5.Take the angle of the center of the most energetic cluster: this defines     

6.Repeat this procedure for several “rings” segmented detector to reproduce the differential 

distribution 

e+ e-

!

!

rings

Delphi set-up



Comparison  and evaluation





Final formula:

Which can be transformed in a linear fit defining the t dependence  of      :!

!n0

n0

= 10
−3 statistical precision



The Data

LEP























Conclusions
• We propose a novel approach to access directly and to measure the 

running of αQED in the space-like region . 

• It consists in analysing small-angle Bhabha scattering. Depending on 
the particular angular detector coverage and on the energy of the 
beams, it allows a sizeable range of the t variable to be covered. 

• The feasibility of the method has been put in evidence by the use of a 
new tool, SAMBHA , to calculate the small-angle Bhabha differential 
cross section with a theoretical accuracy of better than 0.1%. 

• The information obtained in the t channel can be compared with the 
existing results of the s channel measurements. This represents a 
complementary approach, which is direct, transparent and based only 
on QED interactions and furthermore free of some of the drawbacks 
inherent in the s channel methods. 

• The method outlined can be readily applied to the experiments at LEP 
and SLC. It can also be exploited by future e+e− colliders as well as by 
existing low energy machines. 

• An extremely precise measurement of the QED running coupling ∆α(t) 
for small values of t may be envisaged with a dedicated luminometer 
even at low machine energies. 


