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1 Overview of experimental goals and progress

Charged pion polarizability (CPP) is one of the important experimental tests of low-energy
QCD [1]. The O(p4) prediction for the electric and magnetic polarizabilities is given by,
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where the combination of low-energy constants Lr9 − Lr10 is fixed by the ratio FA/FV in
charged pion radiative decay, π+ → e+νγ. The O(p6) corrections are predicted to be small.

While the prediction for CPP is very solid, there is considerable scatter among the
experimental measurements, which typically suffer from low statistics and large systematic
errors. Figure 1 shows a compilation of previous measurements of CPP. The γγ → π+π−

measurements were limited by sparse data, ≈ 200 data points for W < 500 MeV from
Mark II [2], and the absence of an accurate theoretical model for γγ → ππ.

The goal of the JLab experiment is to make a precision measurement of CPP by means
of a high statistics study of the γγ → π+π− reaction near 2π threshold. The two-photon
cross section can be accessed in a tagged-photon measurement of γA → π+π−A at very
low momentum transfer through the Primakoff process

d2σ

dΩππdMππ
=

2αZ2

π2
E4
γβ

2

Mππ

sin2θ

Q4
|F (Q2)|2(1 + Pγcos2φππ)σ(γγ → ππ) (1)

where Mππ is the invariant mass of the 2π system, Pγ is the linear polarization of the
incident beam, and φππ is the azimuthal angle of the ππ system. Figure 1 shows total
cross sections from a subtracted dispersion theory calculation [3] for γγ → π+π− for
several values of απ − βπ. The sensitivity of the JLab experiment to απ − βπ is of order
±0.6× 10−4 efm3.

Since approval by PAC 40 the collaboration has been developing the detector and trigger
upgrades needed for the experiment, as well as software tools for particle identification and
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partial wave analysis. The engineering design for installation of the muon chambers and
iron absorbers is also well underway. The report summarizes these efforts, as well as
providing an update on recent measurements of CPP, and calculations for γγ → π+π−.

Figure 1: Left: measurements and calculations of the charged pion polarizability. Right:
γγ → π+π− cross sections.The solid, dashed and dotted curves are subtracted dispersion
model calculations[3] with απ − βπ equal to 0.0, 5.7 (ChPT), and 13.0, respectively. The
black data points are from the Mark II [2], the red data points are projected data points
from the JLab experiment.

2 Recent results for charged pion polarizability

The most recent measurements of CPP are radiative charged pion production at Mainz [4],
and the COMPASS Primakoff experiment at CERN [5]. There has been much discussion
of the “disagreement” of ChPT with Mainz, and the agreement with COMPASS, however
both experiments agree with ChPT within two standard deviations. The COMPASS ex-
periment measured Primakoff π−Ni → π−γNi production at Eπ = 60 GeV . The photon
energy distribution dNγ/dEγ has sensitivity to απ and βπ at the kinematic endpoint of the
reaction, Eγ ≈ 60 GeV, which is also a region where π0 background is significant. The ef-
fect of nuclear coherent and incoherent reactions on the analysis, i.e. π−A→ ρ−A→ π−γA
and π−A → ρ−A → π−π0A, is unexplored in the publication. The total absolute error
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