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A new approach to aμHLO

C. Carloni Calame, MP, L. Trentadue, G. Venanzoni 

PLB 2015 - arXiv:1504.02228
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New space-like proposal for HLO

Δαhad(t) is the hadronic contribution to the running of  α in the 
space-like region. It can be extracted from scattering data! 

  At present, the leading hadronic contribution aμHLO is computed  
    via the time-like formula:

aHLO
µ =

1

4⇡3

Z 1

4m2
⇡

dsK(s)�0
had(s)

K(s) =

Z 1

0
dx

x2 (1� x)

x2 + (1� x)
�
s/m2

µ

�
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Carloni Calame, MP, Trentadue, Venanzoni, PLB 2015

 smooth integrand

New space-like proposal for HLO (2)

Time-like Space-like

F. Jegerlehner, arXiv:1511.04473



M. Passera    MITP   Feb 19 2018 5

New space-like proposal for HLO: which experiment?

 Δαhad(t) can be measured via Bhabha scattering: 

  The peak occurs at xpeak = 0.914, tpeak = −0.108 GeV2  ≃ −(330 MeV)2

Bhabha scattering: x vs the 
electron scattering angle θ

Carloni Calame, MP, Trentadue, Venanzoni, PLB 2015
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Muon-electron scattering

Abbiendi, Carloni Calame, Marconi, Matteuzzi, Montagna,  

Nicrosini, MP, Piccinini, Tenchini, Trentadue, Venanzoni 

EPJC 2017 - arXiv:1609.08987 
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Muon-electron scattering @ CERN

  Δαhad(t) can also be measured via the elastic scattering μ e ➞ μ e. 

  We propose to scatter a 150 GeV muon beam, available at CERN’s  
North Area, on a fixed electron target (Beryllium). Modular 
apparatus: each module has one layer of  Beryllium (target) followed 
by several thin Silicon strip detectors.
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μeMuon-electron scattering — kinematics

e-out	

μ-out	

μ-in	θe	

θμ	



M. Passera    MITP   Feb 19 2018 9

  For a 150 GeV muon beam, the scan region extends up to x=0.932, ie 
beyond the peak! (the peak is at x=0.914) 

 The integrand in the remaining region x ∈ [0.932,1] accounts for ~13% 
of  the aμHLO integral. It cannot be reached by our experiment but it can 
be determined using time-like data & pQCD, and/or lattice QCD results.

aμHLO via muon-electron scattering μe

normalization

signal

It looks like an 
ideal process! 
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aμHLO via muon-electron scattering (2) μe

 Statistics: With CERN’s 150 GeV muon beam M2, which has an 
average of  ~ 1.3 × 107 μ/s, incident on Be layers for a total 
thickness of  60cm, and 2 years of  data taking (using 2 × 107 s/yr) 
one can reach an integrated luminosity of  𝓛int ~ 1.5 × 107 nb-1. 

 With this integrated luminosity we estimate that we can reach a 
statistical  sensitivity of  ~ 0.3% on aμHLO, ie ~ 20 × 10-11!  

 Systematics? Systematic effects must be known at ≲ 10ppm!  

 Theory? To extract Δαhad(t) from this measurement, the ratio of  
the SM cross sections in the signal and normalisation regions  
must be known at ≲ 10ppm!
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Theory workshop in Padova — Sep 2017 μe

h"ps://agenda.infn.it/internalPage.py?pageId=0&confId=13774	
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Muon-electron scattering: theory progress μe
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 Missing MI for the planar 2-loop box diagrams computed.

  NLO QED corrections known & checked. MC @ NLO ready.

 Mastrolia, MP, Primo & 
Schubert, arXiv:1709.07435.

Pavia Group

  Progress in the NLO hadronic contributions. NB: No had LbL  
 Interplay with lattice calculations.  
 What is the new physics sensitivity of  this experiment?

M. Fael

M. Marinković

😃
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Why are we here? μe
 Our final TH goal: a running MC for the ratio of  the SM cross 
sections in the signal and normalisation regions at ≲ 10ppm! 

  Many interesting dedicated TH talks!  
  And now, the EXP challenges…


