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How small is small?
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Depicting microcosm, we amplify the 

scales and simplify a lot – it’s all 

quantum fields!

There is a rigorous way to define the 

extension of particles via form factors

Specific interest in hadronic systems as 

their extension is a consequence of 

quantum chromodynamics

Experimental data for many baryons and 

mesons still scarce and of limited 

precision 



Hadron radius measurements
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From: EPJC 8 (1999) 59, The WA89 Collaboration (measurement of Σ− charge radius)

comparatively good accuracies (pion radius ~1%) stem from 

assuming a theoretical shape of the form factor



Hadron charge radii 
through elastic lepton scattering at low Q2
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Protons in hydrogen target (or other stable nuclei):

Measurement via elastic electron or muon scattering

Cross section:

Charge radius from the slope of GE

For unstable particles, electron scattering can be 

realised in inverse kinematics

lepton

proton

electron

meson



Pion and Kaon form factor measurements by NA7
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~400,000 kaon triggers

(~30,000 kaon-electron scatterings?)

~380,000 pion-electron 

scattering events



Summary
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• Meson radii are of key interest in understanding their 

inner structure and the emergence of hadron mass

• For pions, some deeper investigations would be 

needed to see whether and how the data of previous 

experiments can be challenged

• For kaons, a significant increase of the form factor 

knowledge in the range 0.001 < 𝑄2 < 0.07 appears in

reach with an 80 GeV rf-separated kaon beam  
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Kinematics
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𝐾− 𝑒𝑡𝑎𝑟𝑔𝑒𝑡
− → 𝐾− 𝑒−

Beam 𝑬𝒃
[GeV]

𝑸𝒎𝒂𝒙
𝟐

[GeV2]
𝑬𝒃,𝒎𝒊𝒏
′

[GeV]

Relative charge-radius 
effect on c.s. at 𝑸𝒎𝒂𝒙

𝟐

𝜋 190 0.176 17.3 ~40%

𝐾 190 0.086 105.7 ~20%

80 0.066 59.9 ~15%

50 0.037 41.3 ~8%
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Principle of the measurement
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Extrapolation from COMPASS analysis:
Count rate estimate for AMBER
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By-product of COMPASS 2009 “Primakoff” analysis (constrained by cuts)

• Electrons identified in ECAL2, trigger on Ee>40 GeV

Plot prepared by Dominik Steffen (TUM)

• 190 GeV pion beam

• 9 days of beam time

• 1,500 identified elastic 

pion-electron scattering 

events in cut range 

50 < 𝐸𝜋
′ < 140

• i.e. 0.05 < 𝑄2 < 0.14
• naïve estimate: for 

reproducing the NA7 

result, roughly a factor 

30 larger data sample 

would be needed

yet a similar measurement with separated kaon beam may become competitive



Backup
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Charge radius: definition and model dependence  
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Radiative corrections for electron and muon scattering
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