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The electric ar and magnetic = charged pion Compton polanzabilities are of fundamental interest in the low-energy

sector of guantum chromodynamics (LQCD). They are directly linked to the phenomenon of spontaneously broken
chiral symmetry within QCD and to the chiral QCD lagrangian. The combination (0-B=) was measured by: (1) CERN

COMPASS via radiative pion Pnmakoff scattering (Bremsstrahlung) of 190 GeV/c pions in the nuclear Coulomb field,
m-£ — -2y, (Z2) SLAC PEP Mark-1l via two-photon production of pion pairs, yw—1m+1-, and (3) Mainz Microtron
MAMI via radiative pion photoproduction from the proton, yp— yr+n. COMPASS and Mark-Il agree with one another:
(1) ar—Br = (4021 2stat1 dsy=t) 10T, (2) am—B1 = (4. 4+3 Zsatsyst)x 10-" fm?. The Mainz value (3) a=—B~=(11.6 +
1 5Hstat £ 3 Osyst £ 0 5medet) x10—"fm? is excluded on the basis of a dispersion relations calculation which uses the Mainz
value as input, and gives significantly too large yyw—1"1" cross sections compared to DESY Crystal Ball data.
COMPASS and Mark-1l polanzability values agree well with the two-loop chiral perturbation theory (ChPT) prediction
OB = (5.7+1.0)x10-* fm?, thereby strengthening the identification of the pion with the Goldstone boson of QCD.

l . : Methods of studying pion polarizabilities:
o ' M1< Primakoff Processes: Radiative pion scattering (Bremsstrahlung)
e ATy on quasi-real photons in the nuclear Coulomb field, Pnimakoff
primalull pmessses scattering of high energy v's in the nuclear Coulomb field leading to
i . two photon fusion production of pion pars, radiative pion
H‘fr‘r"“ jj< photoproduction on proton yp—y1n; two-photon fusion production
e _:.._.,...._.:,._;_ of plon pairs yy—11r via the e+e— — e+e—T+1T— reachon.

Determination of the pion polanzability by fiting the xy distnbution of the expenmental ratios R (data points) to the theoretical (Monte
Carlo) ratio BT (solid ine). Expenmental and Theoretical Ratios are taken with respect to MC calculations with zero polaranizability.

Pions of 190 GeV/c were scattered from virtual photons in the Coulomb field of a Ni target. The

| 1 'i pion beam dependence of the m Ni < m Ni y laboratory differential cross section o at very small momentum
1 mé transferlﬂn %=Ey/Exis used to dletermirlha 0y, Where x, is the fraﬂlti::ln of the pion beam energy carrield
Y by the final state y ray. The variable xy is related to the y scattering angle for ym = ym, and antpr=0 is

1.05F assumed. Experimental ratios Re=0e(xy)/omec(xy,:=0) and best fit (solid curve) theoretical ratios

R, IE - +_|;i+ oy | Rr=ome(xy)/omc{%,ax=0) are shown in the figure. Ratios are taken with respect to MC calculations with
! _I__ S | zero polararizability. The polarizability o and its statistical error are extracted by fitting R, to:
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where a is the fine structure constant. Systematic uncertainties were controlled by measuring

| 15 Muon beam
UE i Ni = i Ni y cross sections. The best fit yields ax—pr = (4.041. 25t 1455t )x 10~ fm”.
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