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1 Introduction

The virtual Compton scattering (VCS) is the electron scattering on a proton
which radiates a real photon before being detected. The new observables, called
generalized polarizabilities (GP), extracted from this VCS at threshold can be
understood as the deformation of the charge and current distributions of the
proton [1]. These GP are functions of the mass of the virtual photon Q2. In
real Compton scattering (Q2 = 0), some polarizabilities of the nucleón are
already measured [2]. With the VCS, we will generalized these observables by
measuring them at different values of Q2.



2 Formalism to extract Polarizabilities from cross sections

If we subtract on our experimental cross section (d5a = <PM) the known cross
sections1 calculated from the Bethe Heitler (where the photon is emitted by
the electrons BH) and Born (where the photon is emitted by a proton in the
intermediate state) processes we obtain an interesting development in the final
photon energy q' [1].

J5-.BH+BornZ ± L M

The extrapolation at q'=0 of our measurment gives us the constant term
Mo - MBH+Born (function of Q2, e, 9, <f>). This structure dependent term be-
yond the BH and Born processes was analyzed in terms of a multipole expan-
sions which give 5 independent Generalized Polarizabilities (GP) [1][3]. This
parametrization can be written as follow:

jBH+Born i

V^PLL(Q2) - -PTT(Q2)) + PLT(Q2) (2.2)

where vn,, VLT are known kinematical coefficients (function of Q2, e, 9, <f>) and
PLL,PTT and PLT are linear combinations of 5 GP. With one value of e, we
can extract only two combinations of 5 GP, (PLL — \PTT) and PLT-

3 Experimental results

Experimentally we performed the reaction p(e,e'p')f in two high resolution
spectrometers in the Al hall in Mainz. With a missing mass reconstruction we
select our VCS events. For the first experiment [4], we decided to measure the
GP at fixed Q2 — 0.33GeK2. The other fixed kinematical quantities are e=0.62
and <£>=0,180 (in-plane measurement). Figure 1 presents five differential cross
sections as a function of the angle 9 between the two photons, for five photon
energies q'. At low q1, our data are in agreement with the QED calculation.
When q' increases, we can see a deviation from this calcul which proves the
effect of the polarizabilities. By using equation 2.1 at 15 different bins in 9, we
extract the constant term in the development in q'. The 15 values of J\4Q —
j\40

 +Born should verify the equation 2.2, where the slope and the ordinate at
origin are the unknown values that we want to extract from our data. Figure
3 presents this expected line and the table 1 the extracted values. For each
observables, the first error is the statistical one coming out from the linear fit,
and the second one is due to the method of extraction of the constant term in
q' = 0. This systematic error will decrease very soon when the final analysis
will finish. These experimental values are compared with different theoretical
predictions [5],[6],[7],[8]. For this linear combination of GP, the best agreement
is obtained for the Heavy Baryon Chiral Perturbation Theory, but the way to
constraint really these models is to measure the GP independantly. This can
be the next generation of VCS experiments at threshold.

'QED+ Elastic Form Factors
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Figure 1. Five differential cross sections as a function of #(angle between the 2
photons) for a fixed <j(orQ2), t, y> for five different values of q'. The agreement between
the data and the curve is evaluated with a x2 • When q1 increases \2 increases also.
This is the proof of the effect of the polarizabilities

4 Conclusion

The Virtual Compton Scattering at Mainz demonstrates that it is possible to
measure 2 linear combinations : PLL — JPTT and PLT of 5 Generalized Polariz-
abilities. Two other experiments will soon give other values of the same linear
combinations : at CEBAF with Q2 = 1 GeV2 and Q2 = 2 GeV2, and at MIT-
BATES with Q2 = 0.05 GeV2. The dependence of the GP on the momentum
transfer is predicted quite differently in various models so this measurement at
different Q2 will give strong constraints for describing non-perturbative struc-
ture of the proton. To measure independently the 6 Generalized Polarizabilities
it is necessary to perform a double polarized experiment [9].
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Figure 2. Parametrization
of the structure
term Mo - M^H+Born be-
yond the LET, according to
the equation 2.2
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