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1. Introduction.

The main goal of the EG4 experiment is the study of the generalized Gerasimov-Drell-Hearn
(GDH) Sum Rule (SR) for the proton and deuteron at low Q2. The experiment, labeled with the
JLab experiment number E03-006 [1] for the proton target (NH3) and E06-017 [2] for the deuteron
target (ND3) ran from Feb. to May 2006.

A SR is a relation between an integral of a dynamical quantity (cross section, structure func-
tion,...) and a global property of the target (mass, spin,...) [3]. SRs can be used to test a theory (e.g.
QCD) and the hypotheses under which they are derived. In addition, SRs can be used to measure
the global property involved (e.g. spin polarizability sum rules). A famous example is the GDH
SR [4] which is derived for real photons (Q2=0):∫

∞

νth

σA−σP

ν
dν =

−4πSακ2

M2 (1.1)

where σA and σP are the total photoproduction cross sections with photon spin anti-parallel and
parallel to the target spin, respectively, ν is the photon energy and νth is the inelastic threshold, α

is the fine structure constant, κ is the target anomalous magnetic moment, S and M are the target
spin and mass, respectively. The SR was generalized to virtual photons in [3] [5] as

Γ1
(
Q2)= ∫ xth

0
g1
(
x,Q2)dx =

Q2

2M2 I1
(
Q2) (1.2)

where g1 is the first spin structure function, I1 is the first covariant polarized doubly-virtual Comp-
ton scattering amplitude, Q2 and x are the usual invariant momentum transfer of electron scattering
and the Bjorken variable, respectively, and xth corresponds to the pion production threshold. The
generalized GDH SR therefore involves the first moment of g1. Considering higher moments,
another interesting quantity is the generalized spin polarizability, defined as

γ0
(
Q2)= Iγ

(
Q2)≡ 4e2M2

πQ6

∫ xth

0
x2
(

g1−
4M2

Q2 x2g2

)
dx =

∫ xth

0
x2A1F1dx (1.3)

where e is the elementary charge, g2 is the second spin structure function, whose contribution is
manifestly suppressed in this SR, A1 is the spin asymmetry for parallel and antiparallel photon-
target spins and F1 is the first unpolarized structure function. Experiment EG4 used a special
configuration of the CLAS detector [6] (see Fig. 1) where a new Cherenkov detector was installed
in one sector of the spectrometer, to be able to cover scattering angles down to 6o. The polarized
target could be used either with NH3 or ND3 material and was installed in a retracted position with
respect to the standard one, to help reaching the low scattering angles necessary to access very low
momentum transfers. The proton part of EG4 ran at 3.0, 2.3, 2.0, 1.3 and 1.0 GeV beam energies,
while the deuteron part ran at 2.0 and 1.3 GeV. The structure function g1 was extracted directly
from polarized cross-section differences (not from asymmetries, as in most experiments). This
yields the advantage that the significant dilution from the unpolarized target material cancels out.
In this approach, we consider the theoretical cross-section difference

∆dσ theor

dΩdE ′
=

dσ→⇒

dΩdE ′
− dσ←⇒

dΩdE ′
=

4α2E ′2

MEνQ2

[(
E−E ′cosθ

)
g1
(
x,Q2)−2Mxg2

(
x,Q2)] (1.4)
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Figure 1: Side view of the CLAS detector showing the polarized target assembly and the new Cherenkov
module (blue). An outbending electron track (dashed red curve) is also shown.

(the single and double arrows indicate the relative orientation of the electron and target spin along
the incoming beam) where the g2 contribution is suppressed due to Q2 and x being small. The
actual experimental quantity measured is

∆Nexp (
∆E ′,∆Ω

)
= N→⇒

(
∆E ′,∆Ω

)
−N←⇒

(
∆E ′,∆Ω

)
= Pf LPbPT

∆dσ theor

dΩdE ′
∆E ′∆Ωεdet (1.5)

where Pf is the target filling factor (or packing fraction), L is the integrated luminosity1, Pb is the
beam polarization (85 ± 2 %), PT is the target polarization (59 to 71 % for H, 30 to 45 % for
D), and εdet is the detector acceptance/efficiency. The whole factor Pf L PbPT is extracted from
elastic (proton case) or quasi-elastic (deuteron case) scattering (correcting for the appropriate ε by
a Monte Carlo simulation in the right kinematics), then used for the inelastic expression (again
applying the corresponding ε via inelastic Monte Carlo simulation).

2. Results and Discussion.

In calculating the SR from the data, we used the following approach. With deuteron target
data, the integral is performed according to∫ xth

0
...→

∫ xmin

0.001
Model +

∫ x(W=1.15 GeV )

xmin

data+
∫ x(W=1.07 GeV )

x(W=1.15 GeV )
Model (2.1)

where xmin is the lowest x reached by the experiment for a given Q2 bin and, in the 3rd integral,
the model is used rather than data to avoid quasielastic scattering and radiative tail contaminations.
For the proton data, one can simply use∫ xth

0
...→

∫ xmin

0.001
Model +

∫ x(W=1.08 GeV )

xmin

data (2.2)

For the deuteron case [7], given the above integration range, the integrals we obtained can
be considered truncated moments (in the following indicated by over-bars) which contain solely

1there is a small correction due to the beam charge asymmetry, not shown here.
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the contributions to the full moments above pion production threshold and exclude the two-body
breakup channel. They can be approximated as incoherent sum of the proton and neutron moments,
and hence all theory comparisons are with the sum of the corresponding proton and neutron mo-
ments, modified by the nucleon effective polarization in the deuteron ([7] and references therein).

In Fig. 2 (a), the EG4 results for Γ̄1 of the deuteron are shown [7]. The lowest Q2 is decreased
by a factor of about 2.5 relative to earlier experiments. The data have in general much improved
precision with respect to the previous measurements. Moreover, the unmeasured low-x and large-x
contributions appear to be small. EG4 and previous EG1 Γ̄1 data [8] agree well. The EG4 data
agree well with the χPT results of Lensky et al. [9], while the Bernard et al. most recent χPT
calculations [10] agree only for the lowest Q2 points. Phenomenological models [11] agree well
with our data. In Fig. 2 (b), the EG4 results for Īγ of the deuteron are shown. In this case and with
the above definition of Īγ , the χPT results of Lensky et al disagree with our data, while the Bernard
et al χPT calculation agrees for lowest Q2 points only. The MAID model [12] (relevant here since
the low-x contribution, not included in MAID, is largely suppressed in Īγ ) disagrees with our data
at low Q2.

In this summary, we only presented inclusive data on the deuteron. Work is in progress on the
proton data, while an analysis on the exclusive pion electroproduction was published in [13].

(a)

I !
d
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(b)

Figure 2: Sum rule results from the EG4 experiment on deuteron. (a) The first moment Γ̄1
(
Q2
)
. The solid

circles are the EG4 data integrated over the covered kinematics. The fully integrated Γ̄1, using a model to
supplement data, is shown by the solid squares. The error bars are statistical. The systematic uncertainty
is given by the horizontal band. The open symbols show data from the CLAS EG1b and SLAC E143 [14]
experiments. The other bands and lines show various models and χPT calculations as described in the text.
The short-dash line (Model) does not include the EG4 data, to reveal the new knowledge gained. (b) The
generalized spin polarizability Īγ

(
Q2
)
. See (a) for legends and theoretical calculations.
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