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Gamma-pion Compton scattering, 

γπ → γπ, depends mainly on the pion’s 

charge. The next order scattering 

depends on the pion’s electric & 

magnetic dipole moments.These are 

induced by the electric and magnetic 

fields of the gamma during γπ 

scattering: d=αE,  μ=βH. Pion 

polarizabilities probe the rigidity of the 

quark-antiquark structure of the pion.









Pion polarizabilities affect the shape of the γπ Compton scattering angular distribution. 
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COMPASS απ−βπ = (4.0±1.2stat±1.4syst)×10−4fm3. 

Systematic uncertainties were controlled by measuring μ- Ni → μ- Ni γ cross sections.

Statistics (63K events) 10X previously. 







Radiative π+-meson photoproduction from the proton (γp → γπ+n) was studied at the Mainz 

Microtron in the kinematic region 537 MeV < Eγ < 817 MeV, 140◦ ≤  θγγ′  ≤ 180◦, where θγγ′  is 

the polar angle between incident and final state gammas in the c.m. system of the outgoing γ and 

pion. The experimental challenge is that the incident γ-ray is scattered from an off-shell pion, 

and the polarizability contribution to the Compton cross section from the pion pole diagrams is 

only a small fraction of the measured cross section. The cross section of the process γp → γπ+n

integrated over s1 and t in the region where the contribution of the pion polarizability is largest. 

The dashed and dashed-dotted lines are predictions of model-1 and the solid and dotted lines of 

model-2 for απ−βπ = 0 and 14×10−4fm3, respectively.

απ−βπ = (11.6 ± 1.5stat± 3.0syst± 0.5model) ×10−4fm3



First use of γγ → π+π− data used to deduce pion polarizabilities 

The MARK-II experiment was carried out via the reaction

e+e− → e+e−π+π− at a center-of-mass energy of 29 GeV for

invariant pion-pair masses Mππ between 350 MeV/c2 and 1.6

GeV/c2. The dominant two-prong leptonic background

reactions e+e− → e+e−e+e− and e+e− → e+e−µ+µ− were

carefully eliminated. Previous experiments did not sufficiently

eliminate these backgrounds.





Charged pion polarizabilities were determined by comparing total cross section

data (γγ → π+π−) with a ChPT one-loop calculation. Theoretical curves are

shown for Born (dash-dotted line) and ChPT with απ−βπ. The cross section

excess below Mππ = 0.5 GeV compared to the Born calculation was

interpreted as due to pion polarizabilities, with best fit value

απ−βπ = (4.4±3.2stat+syst)×10−4 fm3.

SLAC MARK-II        γγ → π+π−

απ−βπ =(4.4±3.2stat+syst)×10−4 fm3



Dispersion Relations and Pion Polarizabilities

Pion polarizabilities are determined by how the γπ→γπ Compton 

scattering amplitudes approach threshold. By crossing symmetry, the 

γπ→γπ  amplitudes are related to the γγ→ππ amplitudes. Dispersion 

relations (DRs) provide the method to continue the γγ amplitudes 

analytically to the Compton scattering threshold. 

Dai and Pennington DR calculations use COMPASS 

απ−βπ = 4.0×10−4 fm3 and Mainz απ−βπ = 11.6×10−4 fm3 to calculate 

γγ→π+π- and γγ→π0π0 cross sections. For COMPASS, they find 

agreement for γγ→π+π- and γγ→π0π0. But Mainz value is excluded by the 

γγ→π0π0 data. Also considering the large difference between Mainz and 

COMPASS-MARK-II values, the Mainz polarizability value is excluded 

from the summary here. 



Summary

The pion polarizability combination (απ-βπ) was measured by:

(1) CERN COMPASS via radiative pion Primakoff scattering

(pion Bremsstrahlung) in the nuclear Coulomb field,

πZ → πZγ, equivalent to γπ → γπ Compton:

απ−βπ = (4.0±1.2stat±1.4syst)×10−4fm3

(2) SLAC PEP Mark-II via two-photon production of pion

pairs, γγ→π+π-: απ−βπ = (4.4±3.2stat+syst)×10−4 fm3

They are in good agreement with the two-loop ChPT

prediction απ−βπ = (5.7±1.0)×10−4 fm3,

thereby strengthening the identification of the pion with the

Goldstone boson of QCD.


