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Physics with Primakoff reactions
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• Charged particles passing by nuclei at high 

momentum and large distance interact 

predominantly by one-photon exchange 

• Primakoff reactions at COMPASS: 

Pions on nickel

• Typical field strength: 300 kV/fm at 𝑑 = 5 𝑟Ni

• Weizsäcker-Williams approximation for the quasi-real 

photon exchange and the embedded pion-photon 

reaction:
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Study with COMPASS data, in preparing LoI 
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Study with COMPASS data: Armenteros plots
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Study with COMPASS data: Armenteros plots
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• Challenge of the kaon polarisability 

measurement:

The first resonance 𝐾∗(892) is very close to 

threshold, especially expressed in terms of 

the meson mass:  

𝑚𝐾∗ ≈ 1.8 𝑚𝐾 𝑚𝜌 ≈ 5.5 𝑚𝜋compared to

Important question to theoreticians: 

Can this kinematic limitation be overcome by 

including the resonance in an extended fit?



Chiral anomaly for pions – COMPASS analysis
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• Theory expectation:

COMPASS analysis 

close to finalization



ChPT coupling for the kaon

10.5.2022 Jan Friedrich 7

• A similar process exists for the kaon

Looking forward to the talk by 

Dominik Stamen tomorrow

…however large corrections



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



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%

𝜋 80 0.066 15.3 ~15%

𝐾 80 0.020 59.8 ~6%

𝜋 50 0.037 13.7 ~8%

𝐾 50 0.009 41.3 ~3%
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Kinematics
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Relative charge-radius 
effect on c.s. at 𝑸𝒎𝒂𝒙

𝟐

𝜋 190 0.176 17.3 ~40%

𝐾 190 0.086 105.7 ~20%

𝜋 80 0.066 15.3 ~15%

𝐾 80 0.020 59.8 ~6%

𝜋 50 0.037 13.7 ~8%

𝐾 50 0.009 41.3 ~3%

New questions to investigate:

• Could we get sufficient statistical precision for a meaningful kaon radius measurement 

with beam energy 80 or 100 GeV? Which intensity and purity would be needed? 

• Will a measurement with conventional 190 GeV beam be advantageous?



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


