
G. Abbiendi, C.M.C. Calame, U. Marconi, C. Matteuzzi,
G. Montagna, O. Nicrosini, M. Passera, F. Piccinini, G. Venanzoni, 
L.T.

Università di Pavia, Pavia, Italy
INFN, Sezione di Padova, Padova, Italy
INFN, Sezione di Bologna, Bologna, Italy
Università di Parma, Parma, Italy and Sezione and INFN Milano Bicocca, Milano, Italy
INFN, Laboratori Nazionali di Frascati, Frascati, Italy

based on 
Physics Letters B 746 (2015) 325

A New Measurement Of  The Leading Hadronic Corrections 
To The Muon G-2

Luca Trentadue,
QCD@Work - International 

Workshop on QCD Theory and 
Experiment

Martina Franca 27-30 June 2016



e2 ! e2 (q2 ) = e2

1+ ("(q2 )#"(0))
!(q2 ) = !(0)

1#$!
; $! = #%e "(q2 )#"(0)( )

Vacuum Polarization makes αem running
assuming a well defined “effective” value at 

any scale

vacuum polarization and the “effective 
charge” are defined by:

α

Δα takes contributions from leptonic and hadronic elementary states
among these the non-perturbative  Δαhad

Δα = Δαleptonic + Δαhad + Δα top
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Measurement of the running  of  αem

A direct measurement of αem(s/t) in space/
time-like regions can show the running of 
αem(s/t)

It can provide a test of  “duality” (fare way 
from resonances)

It has been done in past by few experiments 
at e+e- colliders by comparing a “well-
known” QED process with some 
reference (obtained from data or MC)
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Nsignal can be any QED process, muon pairs, etc…
Nnorm can be Bhabha process, pure QED as γγ 
pair production, a well as theory, or any other 
reference process.
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space-like

time-like
TRISTAN sqrt(s)=57.8GeV 

10< sqrt(-t)<54GeV 

sqrt (s) = 189 GeV

1.5<√-t<2.5 GeV 
3.5<√-t<58 GeV 

1.3<√-t<2.5 GeV 



aμHLO  determination (traditional way ) : time-like data 
aµ=(g-2)/2 
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Traditional way: based on precise experimental (time-like) data:  

aµ
had = (689.7± 4.4) !10"10

δaµexp  → 1.5 10-10 = 0.2%  on aµHLO (from 0.7% now) 

The main contribution lies in the low energy region 

NEW G-2 at FNAL and JPARC

The anomalous magnetic moment g-2 of the muon is a precision measurement which exhibits
a 3.5 σ deviation between theory and experiment, and in the next few years will be measured 

at Fermilab and J-PARC with even higher precision.







aµ
HLO  evaluation in spacelike region: alternative approach 
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functional form

Δα~log(-t)
Dominated at low |t| by leptonic 
contribution
A.Arbuzov, D.Haidt, C.Matteuzzi, M. Paganoni, 

L.T., Eur. Phys. J. C 34 (2004) 267

High |t|-values are depressed by 1-x
(a kind of analogy with time-like region)
The integrand is peaked at ~x=0.92 
t=-0.11 GeV2 (~330 MeV) for which 
Δαhad(0.92)~ 10-3   

t=0 0.92 (t=-infty) 



Experimental considerations

Using Bhabha at small angle (to emphasize t-channel 
contribution) to extract Δα:
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0 (t) Where dσ0MC is the MC prediction for Bhabha 
process with α(t)=α(0), and there radiative 
corrections due to higher order diagrams
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"!!lept (t) and Δαlep(t) is theoretically well known !

Which experimental accuracy we are aiming at ?
δΔαhad~1/2 fractional accuracy on dσ(t)/dσ0MC(t). 

If we assume to measure δΔαhad at 5% at the peak of the 
integrand (Δαhad ~10-3 at x=0.92)  fractional accuracy on 
dσ(t)/dσ0MC(t) ~ 10-4 ! 

A very challenging measurement !
(one order of magnitude improvement respect to date) for systematic the 
error



Most of the region (up to 
x~0.98) can be covered 
with a low energy 
machine (like Dafne/
VEPP-2000 or tau/charm-
B-factories)

Example:
Covering up to 600 at √s=1 GeV 

can arrive at x= 0.95(!)

A different situation can be 
obtained at tau/charm/ B-factories 
(and at future ILC/TLEP machines)  
where smaller angles (below 20o) 
are needed
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Statistics
10-4 accuracy on Bhabha cross section requires at least 108 events 
which at 20o mean at least:

O(1) fb-1 @ 1 GeV

O(10) fb-1 @ 3 GeV

O(100) fb-1 @ 10 GeV

These luminosities are within reach at flavour factories !

G. Venanzoni, Seminar at LNF, Frascati, 20 May 2015
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Additional considerations: Rad. Corr. 
A Monte Carlo procedure has been developed to check if 
Δαhad(t) can be obtained by a minimization procedure with a 
different  Δαhad(t)’ inside 
 

Δαhad(t)  is obtained 
with<10-4 error ! 

!  



To compare Bhabha absolute cross section from data 
with MC we need Luminosity of the machine.
Two possibilities:

1) Use Bhabha at very small angle where the uncertainty 
on Δαhad can be neglected (for example at Ebeam=1 
GeV  and θ=5o, Δαhad ~10-5 ).

2)  Use a process with Δαhad=0, like e+e- γγ. However 
very difficult to determine it at 10-4 accuracy.

Option 1) looks better as some of the common systematics cancel in the measurement !

Additional considerations : 
Normalization



Measurement of DAFNE Luminosity with 
KLOE/KLOE-2 at 10-4? 

Adding in quadrature:     0.3 %!

(can be improved by a factor 10?) 

F. Ambrosino et al [KLOE] 

G. Venanzoni, Seminar at LNF, Frascati, 20 May 2015 



Polar angle systematics 

!  global agreement is very good 

but the cut occurs in a steep    
region of the distributions  
   ⇒  estimate of border "
         mismatches 

!  after normalizing MC to make 
it coincide with data in the 
region  65ο < θ < 115ο, we 
estimate as a systematic error: 

∼ 0.25%"

Can be improved at 10-4? 

From F. Nguyen 2006 

G. Venanzoni, Seminar at LNF, Frascati, 20 May 2015 
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A measurement of the Luminosity at 10-4 at LEP 
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Small-angle Bhabha scattering in OPAL 
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2 cylindrical calorimeters encircling the beam pipe  
at ± 2.5 m from the Interaction Point 

19 Silicon layers 

18 Tungsten layers 
 Total Depth 22 X0  
       (14 cm) 

Sensitive radius: 6.2 – 14.2 cm, 
corresponding to scattering angle 
of 25 – 58 mrad from the beam line 

Each detector layer divided 
into 16 overlapping wedges 

! 

e+e" # e+e"    s $ 91.2 GeV
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Final Error on Luminosity 

Total Experimental Systematic Error :      3.4 × 10-4 

After all the effort on Radial reconstruction the dominant systematic 
error is related to Energy (mostly tail in the E response and nonlinearity)  
Quantitatively:                    (��������������������������������
��������	�	��
 

Systematic  
Error (×10-4) 

Energy 1.8 

Inner Anchor 1.4 

Radial Metrology 1.4 

Theoretical Error on Bhabha cross section:  5.4 × 10-4 





Measuring αem running in the space like kinematics region appears 
to be very challenging and on the same time potentially feasible 
and interesting . 

 ( also relatively high q2-values can be explored at higher energies ILC/TLEP )

An alternative formula for aμHLO in spacelike region has been 
studied in detail. The relative measurement will give the FULL 
contribution to aμHLO  without any theretical correction ( Rad. 
Corr, Isospin, … ).  It emphasizes low values of t (<1 GeV2) and 
can be explored at low energy e+e- machines (VEPP2000/
DAFNE, τ/charm, B-factories.

It requires to measure the Bhabha cross section at relatively small 
angles at (better than) 10-4 accuracy ! 

Such an accuracy demands a dedicated experimental and 
theoretical work for the next few years.

The reward might be a long time awaited, alternative and 
potentially equally accurate determination of such a  
fundamental quantity as the leading hadronic contribution to 
the muon g-2.
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Δαem
HAD(s) dependence 



Which is the best energy/angle configuration? 
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x vs t behaviour 
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