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Dispersion Relations in Virtual Compton
Scattering
B. Pasquini£ , D. Drechsel† , M. Gorchtein££ , A. Metz‡ and
M. Vanderhaeghen†
ECT*, Villazzano (Trento), Italy, and Universitá degli Studi di Trento, Povo (Trento), Italy
†
Institut für Kernphysik, J. Gutenberg-Universität, D-55099 Mainz, Germany
Dipartimento di Fisica dell’Universitá degli Studi di Genova, Italy
‡
Institut für Theoretische Physik II, Ruhr Universität Bochum, D-44780 Bochum, Germany
Abstract. We describe the application of a dispersion-relation formalism to the virtual Compton
scattering (VCS) reaction with the aim to extract information on generalized polarizabilities from
VCS observables over a large energy range.
In the Virtual Compton scattering (VCS) process off the proton, denoted as γ £ p
γ p, a spacelike virtual photon interacts with a proton and a real photon is produced.
At low energies, this real photon plays the role of an applied quasi-static electromagnetic field, and the VCS process measures the response of the nucleon to this applied
field. In particular, the virtuality of the initial photon can be dialed so as to map out the
spatial distribution of the polarization effects induced by the real photon, giving access
to so-called generalized polarizabilities (GPs).
The VCS process on the proton can be achieved through the ep
epγ reaction. In
this process, the final photon can be emitted either by the proton, which is referred to as
the fully virtual Compton scattering (FVCS) process, or by the lepton, which is referred
to as the Bethe-Heitler (BH) process. The BH amplitude is exactly calculable from QED
if one knows the nucleon electromagnetic form factors. The FVCS amplitude contains,
in the one-photon exchange approximation, the VCS subprocess. The latter one can be
further separated in a Born term and a non-Born contribution. The Born (B) amplitude
refers to the process where the virtual photon is absorbed on a nucleon and the intermediate state remains a nucleon, i.e., contains only properties of the proton in its ground
state. The residual non-Born (NB) contribution contains the information of the excitation
spectrum and the meson-loop contributions. These nucleon-structure information can be
parametrized in terms of 12 non-Born invariant amplitudes, FiNB Q2 ν t i 1 12,
which are functions of 3 invariants: Q2 , ν s u4M , and t (s t and u are the
Mandelstam variables for VCS, and M is the proton mass). These amplitudes fulfill unsubtracted dispersion relations (DRs) at fixed t and fixed virtuality Q 2 ,
ReFiNB Q2 ν t Fi pole Q2 ν t FiB Q2 ν t ∞
ν ¼ Ims Fi Q2 ν ¼ t 2
dν ¼
π
ν ¼2 ν 2
ν0
CP675, Spin 2002: 15th Int'l. Spin Physics Symposium and Workshop on Polarized Electron
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(1)
where FiB is the Born contribution defined as in Ref. [1], whereas Fi pole represents the
nucleon-pole contribution [2]. In Eq. (1), Im s Fi are the discontinuities across the schannel cuts of the VCS process, starting at the pion-production threshold ν 0 , which
is the first inelastic channel. However, as can be inferred from Regge theory [3, 4], the
high-energy behaviour (ν ∞ at fixed t and fixed Q2 ) of the Im F1 and Im F5 amplitudes
does not guarantee the convergence of the unsubtracted dispersion integrals. In order to
avoid this convergence problem, we perform the unsubtracted dispersion integrals of
Eq. (1) for F1 and F5 along the real ν -axis in the range νmax ν νmax , and we
close the contour by a semi-circle with radius ν max in the upper half of the complex
ν -plane, with the result
Re FiNB Q2 ν t Fi pole Q2 ν t F Q
B
i
2
ν t Fiint Q2 ν t Fias Q2 ν t (2)
for i 1 5. The dispersion integral contributions are typically evaluated up to a maximum photon energy Emax 15 GeV. The s-channel discontinuities can be expressed,
through unitarity equation, in terms of the contribution from all possible intermediate
states which can couple to the initial and final photon-nucleon system. Since we are
mainly interested in VCS through the ∆1232-resonance region, we only consider the
main contribution coming from π N intermediate states, using the pion photo- and electroproduction multipoles of the phenomenological MAID analysis [5]. All contributions
from higher energies are then absorbed in the asymptotic term. In particular, the asymptotic contribution to the amplitudes F5 results from t-channel π 0 -exchange, while the
asymptotic contribution to the amplitude F1 originates predominantly from t-channel
ππ intermediate states. In addition, higher-energy dispersive contributions beyond the
one-pion channel mainly affect the F1 and F2 amplitudes. Since the present data for the
production of those intermediate states are too scarce to evaluate the imaginary parts
of the amplitudes directly, we estimate these contributions by an energy-independent
constant, fixed at arbitrary Q2 , ν 0 and t Q2 , i.e. at the point where the GPs are
defined. In this way we introduce two free parameters which can be expressed in terms
of the electric, α Q2 , and magnetic, β Q2 , GPs, which have to be fitted to experimental VCS data at each fixed value of Q2 . However, in order to provide predictions for VCS
observables at different values of Q2 , we take the following parametrization for the Q2
dependence of the scalar GPs
α Q α
β
β Q β Q 1 Q2 Λ2β 2 (3)
1 Q2 Λ2α 2
where the values at Q2 0, α α π N and β β π N are fitted to real Compton scatα Q
2
πN
2
α
πN
πN
2
2
β
πN
tering (RCS) data [6].
First information on unpolarized VCS observables have been obtained from experiments
at the MAMI accelerator [7] at a virtuality Q2 = 0.33 GeV2 , and recently at JLab [8] at
1 Q2 2 GeV2 . VCS data in the Q2 region around 0.05 - 0.1 GeV2 are under analysis
at MIT-Bates [9], and further experimental programs are underway at MAMI [10], and
JLab [11] to measure both unpolarized and polarized VCS observables. VCS experiments at low outgoing photon energies can be analyzed in terms of low-energy expansions (LEXs), proposed in Ref. [1]. In the LEX, only the leading term (in the energy of
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FIGURE 1. Left panel: differential cross section for the reaction ep epγ as function of the outgoingphoton energy q ¼ in MAMI kinematics. The BH + B contribution is given by the dashed-dotted curve.
Right panel: Results for d 5 σ d5 σ BHBorn Φq¼ as function of q ¼ . The total DR results are obtained
with the asymptotic parts calculated according to Eq. (3) with Λ α 1 GeV and three different values of
Λβ : 07 GeV (dotted curve), 06 GeV (solid curve), and 04 GeV (dashed curve). In the right panel, the DR
calculations with the full energy dependence of the non-Born contribution (thick curves) are compared to
the corresponding results within the LEX formalism (thin horizontal curves). The data are from Ref. [7].
the produced real photon) of the response to the quasi-constant electromagnetic field,
due to the internal structure of the system, is taken into account. This leading term depends linearly on the GPs. As the sensitivity of the VCS cross sections to the GPs grows
with the photon energy, it is however advantageous to go to higher photon energies, outside the range of validity of the LEX, provided one can keep the theoretical uncertainties
under control when approaching and crossing the pion threshold. This situation can be
compared to RCS , where it was shown that one uses DR formalism to extract the polarizabilities at energies above threshold, with generally larger effects on the observables.
From the results shown in Fig. 1., we note indeed that the region between pion threshold
and the ∆1232-resonance peak displays an enhanced sensitivity to the GPs through the
interference with the rising Compton amplitude due to ∆-resonance excitation and seems
quite promising to measure VCS observables. Such an experiment has been proposed at
MAMI and is underway [10].
Going to higher Q2 , the VCS process has also been measured at JLab and data have
been obtained both below pion threshold at Q 2 = 1 GeV2 , at Q2 = 1.9 GeV2 , as well as
in the resonance region around Q2 = 1 GeV2 (see Ref. [8] for a short review of these
JLab data). In Fig. 2., we show the results for the ep
epγ reaction in the resonance
region at Q2 1 GeV2 and at a backward angle. These are the first VCS measurements ever performed in the resonance region. The DR calculations reproduce well the
∆ region. However, due to scarce information for the dispersive input above the ∆ resonance, DRs cannot be extended at present into the second and third resonance regions.
Between pion threshold and the ∆ resonance, the calculations show a sizable sensitivity
to the GPs, in particular to α Q2 in this backward angle kinematics, and seem very
promising to extract information on the electric polarizability. Besides the measurement
in the resonance region, from the JLab data below pion threshold two unpolarized structure functions PLL PT T ε and PLT have been extracted at Q2 = 1 GeV2 and at Q2 =
648
FIGURE 2. Differential cross sections for the ep
epγ reaction as function of the c.m. energy W in
γ £γ 1672 o , and
JLab kinematics : Q2 10 GeV2 , electron energy E e = 4.032 GeV, scattering angle θ cm
different out-of-plane angles φ . BH + B contribution: dashed curve. Total DR result (with the asymptotic
parts calculated from Eq. (3) with Λ α 1 GeV and Λβ 045 GeV): solid curve. The data are from
Ref. [8].
1.9 GeV2 [8]. For this extraction below pion threshold, both the LEX and the DR formalisms can be used. A nice agreement between the results of both methods for the
structure functions was found in Ref. [8]. These preliminary results for PLL and PLT
are displayed in Fig. 3., alongside the RCS point and the results obtained at MAMI at
Q2 033 GeV2 . By dividing out the form factor GE , PLL is proportional to the electric
GP α Q2 , whereas PLT is proportional to the magnetic GP β Q 2 plus some correction
due to spin-flip GPs which results small in the DR formalism. One sees from Fig. 3. that
the best fit value for Λα 092 GeV yields an electric polarizability which is dominated
by the asymptotic contribution and has a similar Q 2 behavior as the dipole form factor.
However, the best fit value for Λβ 066 GeV is substantially lower, indicating that
649
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FIGURE 3. Results for the unpolarized VCS structure functions PLL (left panel) and PLT (right panel)
divided by the proton electric form factor. Dashed lines: dispersive π N contributions. Dotted lines:
asymptotic contributions calculated according to Eq. (3) with Λ α 092 GeV (left panel) and Λ β 066
GeV (right panel). Solid curves: total results, sum of the dispersive and asymptotic contributions. The RCS
data are from Ref. [6], the VCS MAMI data at Q 2 033 GeV2 are from Ref. [7], and the preliminary
VCS JLab data at Q2 1 GeV2 and Q2 19 GeV2 from Ref. [8] (inner error bars are statistical errors
only, outer error bars include systematical errors). The values for P LL at Q2 0 were extracted by use of
a dispersive estimate for the not yet separated PT T contribution.
the diamagnetism, which is related to pion-clouds effects, drops faster with Q 2 . On the
other hand, the structure function PLT receives also a large dispersive π N (paramagnetic)
contribution, dominated by the ∆-resonance excitation. Due to a the large cancellation
between the competing para- and dia- magnetic effects, the net result is relatively small,
and gives rise to an interesting structure, in particular in the Q 2 region around 005 01
GeV2 , where forthcoming data are expected from the MIT-Bates experiment [9].
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