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The G0 experiment is dedicated to the determination of the strange quark’s contribution to the electric and
magnetic nucleon form factors, provided by parity-violating asymmetries of cross-sections measured with longitudinaly polarized electrons in elastic electron-proton scattering and quasi-elastic electron-deuteron scattering.
Forward angle measurements, which have been performed in Hall C of Jeﬀerson Laboratory, have provided a linear
combination of electric and magnetic vector form factors for momentum transfers in the range 0.1 to 1 (GeV /c)2 .
Backward angle measurements, which will be performed starting in 2006, will allow the complete separation of
the form factors at Q2 of 0.23 and 0.63 (GeV /c)2 .

1. Introduction
In Quantum Chromodynamics, the nucleon is
viewed as composed of three valence u and d
quarks immersed in a sea of gluons and quark¯ ss̄ ...). The study of
antiquark pairs (uū, dd,
the contribution of strange quarks to the nucleon
properties provides useful information on the sea
itself. First indications already exist, namely the
strange quarks contribution to the proton momentum and the spin from neutrino and electron
deep inelastic scattering and to its mass from
π-nucleon scattering. Their contributions range
from 0 to 30 % with large theoretical and experimental uncertainties.
The parity-violating (PV) electro-weak interaction in electron-nucleon elastic scattering oﬀers
a new opportunity to study the contribution of
strange quarks to the electro-weak structure of
the nucleon through the nucleon vector form factors and the axial form factor, the latter also being accessible from neutrino elastic scattering [1–
3]. Several dedicated PV asymmetry experiments
and apparatus have been developed during the
last decade for these studies [4,5]. In this contribution we focus on the G0 experiment which will
provide a complete determination of the contribution of the strange quarks to the electric, mag-

netic and axial form factors for several momentum transfers.
In the following, we will present the physics
motivation before describing the G0 experimental set-up. Then we will show the ﬁrst results of
the G0 experiment obtained in the forward angle
kinematics which provide a linear combination of
the strange contribution to the electric and magnetic nucleon form factors over a large Q2 range
between 0.12 to 1 (GeV /c)2 .
2. Elastic scattering and parity violating
experiment
In the electron-nucleon scattering, the electroweak interaction takes place at ﬁrst order
through two scattering amplitudes, one corresponding to the exchange of a virtual photon
(Mγ ) and one to the exchange of a Z 0 (MZ ),
which depend on the 4-momentum transferred
Q2 , which is related to the distance scale probed
in the nucleon. The scattering amplitudes can be
decomposed in terms of the electromagnetic pro(γ,p)
(γ,p)
ton form factors GE
and GM and the elec(Z,p)
(Z,p)
and axial Gep
tric GE , magnetic GM
A weak
form factors. In order to provide information on
the spatial distribution of the quarks inside the
nucleon, each of the nucleon form factors is ex-
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pressed in terms of its quark contribution as :

(γ,N )
(q,N )
GE,M =
Qq GE,M

and the second one contains the contribution of
GsE et GsM :
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where CVq and CA
are the vector and axial coupling to quarks. The contribution of the three
heavy ﬂavours, has been neglected due to their
larger mass. Using the charge symmetry approximation [6] under the exchange of u and d quarks
(u,p)
(d,n)
(s,p)
(s,n)
(GE,M = GE,M ) and s quark (GE,M = GE,M ),
it is possible to express the electric and magnetic quark form factors as a function of electromagnetic and weak form factors of the proton
and neutron. In particular, the extraction of the
strange form factor requires the measurement of
electromagnetic and weak for factors through the
relation :
 (γ,p)

(γ,n)
(Z,p)
GsE,M = 1 − 4sin2 θW GE,M −GE,M −GE,M (2)

Experimentally, the electromagnetic nucleon
form factors are obtained through a Rosenbluth
separation on the elastic electron-nucleon crosssections on proton and neutron targets. .
Because the weak interaction does not conserve parity, MZ and the weak vector nucleon
form factors are accessible through the asymmetry measurement of the cross-sections associated
with elastic scattering of longitudinaly polarized
electrons with two opposite helicities :
AP V =

|M+ |2 − |M− |2
= A0P V + AsP V
|M+ |2 + |M− |2

(3)

where the ﬁrst term is independent of the strange
form factors :
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and  =

τ (1 + τ )(1 − 2 ). Asymmetries as small as few
10−6 can be extracted with a precision of a few
% thanks to cancellation of normalization systematic errors in the ratio of the cross-section measurements.
The G0 collaboration proposes to perform the
complete separation of the electric, GsE , magnetic,
GsM and axial, Gep
A , form factors for two diﬀerent momentum tranfers 0.23 and 0.68 (GeV /c)2 .
This can be accomplished performed by varying
the kinematical factors ( and  ) at a ﬁxed Q2 .
A Forward Angle measurement has already been
performed for electron scattering angles between
7 and 15◦ for a large Q2 range between 0.1 and
1 (GeV /c)2 . This measurement is obtained by
detecting the recoil protons at a ﬁxed angle between 52 and 78◦ . Two Backward Angle measurements then have to be performed at an electron scattering angle of about 108◦ on hydrogen
and deuterium targets providing diﬀerent combination of the three form factors. Two diﬀerent
incident beam energies of 360 and 687 MeV, corresponding to Q2 of 0.23 and 0.63 (GeV /c)2 are
used.
Even if the primary goal of PV experiments is
to determine the vector form factors, they also
provide a measurement of the axial form factor
in electron-nucleon scattering, which can be compared to the one obtained in neutrino-nucleon
scattering [7]. It can be expressed through the
relation :
 2

 CC  2 
T =1
Q = −τ 1 + RA
GA Q
GeN
A

√ T =0 (8)  2  
 
(0)
+ 3RA GA Q + 1 + RA GsA Q2
(6)
The ﬁrst term, corresponding to the charged

current contribution, is written as GCC
Q2 =
A
2

gA / 1 + Q2 MA2 , where MA = 1.001±0.020 and
gA = 1.2695 ± 0.0029 are obtained respectively
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from quasielastic neutrino data and neutron β de(8)
cay. Isoscalar corrections are given by GA , with
(8)
1
(3F − D) =
its value at Q2 = 0 ◦ GA (0) = 2√
3
0.169 ± 0.007 being provided by hyperon decay.
The third term corresponds to the strange contribution to the axial form factor with GsA (0) = ∆s
measured in deep inelastic scattering and ranging from -0.14 to 0. The three electroweak raT =1
= −0.24 ± 0.24,
diative correction factors RA
T =0
T =0
RA
= −0.24 ± 0.14 and RA
= −0.55, arising
from higher order diagrams, are calculated theoretically at Q2 = 0 but with large uncertainty like
on the isovector contribution. Except for GCC
A ,
the Q2 dependence of the diﬀerent terms is unknown.
Three other experiments have been designed to
measure the strange contribution to the vector
and axial nucleon form factors. The HAP P Ex
experiment, which takes place in the hall A of Jefferson Laboratory, has performed Forward Angle
measurements on proton and helium at Q2 = 0.1,
0.48 (GeV /c)2 and has proposed a new measurement at 0.63 (GeV /c)2 [8]. The experiment A4,
located at the MAMI facility, has provided two
Forward Angle measurements for Q2 = 0.1 and
0.23 (GeV /c)2 and should take data in Backward
Angle conﬁguration in 2006 [9]. The SAM P LE
experiment, which was performed at MIT Bates
facility, has measured Backward Angle asymmetries on proton and deuteron for Q2 = 0.04 and
0.1(GeV /c)2 [10].
3. G0 experimental set-up in the Forward
angle configuration
Because the G0 experiment measures very
small asymmetries between 3 to 50 ppm with a
precision of few % , it requires a very high beam
intensity in conjunction with a dedicated setup of
very large acceptance to achieve high statistics of
about 1013 elastic events.
The polarized electrons are produced by the
interaction of a circularly polarized laser on the
strained GaAs photocathode, which allows for a
high polarization (≥ 70%), with the polarity reversed at 30 Hz frequency. The high intensity
beam is then accelerated by CEBAF to the nominal beam energy of 3.045 GeV. An important

issue in this kind of experiment is to minimize
false asymmetries induced by helicity-correlated
changes in beam parameters as the charge, positions, angles and energy. It is achieved by implementing a feedback device on the beam parameters using the beam asymmetries measured in the
hall.

Focal Plan Detectors
Collimator

Incident electron
Target

Figure 1. Trajectories of protons elastically scattered

for three diﬀerent Q2 .

The G0 set-up is composed of a 20 cm cryogenic liquid hydrogen target located at the center
of a large spectrometer, which consists of a superconducting toroidal magnet with eight sectors
placed symmetrically around the beam axis. The
recoil protons produced in the elastic scattering
on the target, are selected in momentum within
a large solid angle by the magnetic ﬁeld so that
their location on the focal plane depend only on
the Q2 , ranging between 0.1 to 1 (GeV /c)2 (see
ﬁgure 1). Collimators prevent a direct view of
the target by the detectors and thus reduce the
background coming from neutral particles in the
detectors. The FPD detectors are composed of
16 pairs of plastic scintillators coupled to photomultipliers via light guides.
The elastic protons are discriminated from
other particles (protons, pions etc ...) using timeof-ﬂight (see Fig. 2). For this purpose speciﬁc
electronics have been developed to handle the
counting rates associated with each helicity state
as a function of the time-of-ﬂight on a 32 ns time
range. The information is histogrammed during
one time period (33 ms) for counting rates of few
MHz with a reasonable deadtime between 5 to
20 %. A sampled event-by-event Fastbus acquisition of time and charge information has also been
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Figure 2. Measured yields and raw asymmetries as
a function of time of ﬂight for detector 8.

Figure 3. Physics asymmetries obtained by G0 experiment in the Forward Angle conﬁguration after
several corrections (see reference [13]).

used for monitoring detectors and beam parameters. More details on the experimental set-up can
be found in the references [11,12]
4. G0 Forward angle results
About 700 hours of data have been recorded in
the Forward angle conﬁguration. The data analysis calculates the physics asymmetries from the
measured asymmetries of the detectors counting
rates normalized by the beam charge, after applying a certain number of corrections. Some corrections are related to the beam properties, including
the helicity-correlated beam parameters (charge,
position ...) and the beam polarization. Also the
eﬀect of leakage coming from the other beams has
been corrected with good accuracy. Corrections
concerning the G0 set-up such as the eﬀect of the
electronics deadtime and the determination of the
Q2 associated to diﬀerent detectors are then applied. The main correction however was due to
the subtraction of the background in the asymmetries. The background, which can be seen in
ﬁgure 2, represents about 5 to 20 % of the counting rates under the elastic peak in the time-ofﬂight spectrum depending on the detector. The
background correction on the asymmetries has
been performed with ﬁnal uncertainties ranging
between 0.2 to 9 ppm. Details of the analysis including ﬁnal estimates of systematic uncertainties
can be found in references [13,12]. Finally, experimental asymmetries have been obtained for 18

diﬀerent values of Q2 ranging between 0.12 to 1
(GeV /c)2 , which are plotted in ﬁgure 3. A linear combination GsE + ηGsM is then deduced from
equations 3 to 5 after subtracting the no-vectorstrange contribution from the asymmetries. As
shown in ﬁgure 4, the GsE + ηGsM data exhibit a
noticeable Q2 dependence with a strong variation
close to 0.2 (GeV /c)2 and positive values at larger
Q2 . It has been shown that these experimental
data are not compatible with a GsE + ηGsM = 0
hypothesis with a 89% conﬁdence level [13].

Figure 4. G0 results on the combinaison of GsE +

ηGsM . The gray band indicate systematic uncertainties (see reference [13]).
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The G0 result on GsE + ηGsM can then be
combined with those from other PV experiments
(HAP P EX, A4, SAM P LE) to separate the
electric and magnetic form factors. A ﬁt of the
data over a large range of Q2 uses parametriza-
tion for GsE = a2 Q2 / 1 +b1 Q2 + b2 Q4 + b3 Q6
and GsM = µs / 1 + Q2 /Λs . The results, which
are shown in ﬁgure 5, suggest a large and positive contribution (of the order of 10 % ) GsM (0) to
the magnetic moment of the nucleon and a negative contribution of GsE (of opposite sign of the
neutron electric form factor) located around 0.2
(GeV /c)2 .

sensitive to the strange axial form factor. The results, using the new G0 data combined with the
old E734 data, are shown in ﬁgure 6. The strange
axial form factor GsA is determined between 0.45
and 1 (GeV /c)2 with reasonable uncertainties but
cannot be extrapolated to Q2 = 0 to be compared
with the result obtained in deep inelastic scattering. In the future, the F IN ESSE experiment
[16] is expected to measure GsA down to Q2 = 0.2
(GeV /c)2 .
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Figure 6. Results on the extraction of GsE , GsM and

Figure 5. Parametrization of GsE and GsM obtained
from a ﬁt of PV experimental data (taken from reference [12]). For reference, lines indicates 10 % contribution of proton magnetic form factor on the GsM
plot and 10 % contribution of neutron electric form
factor on the GsE plot

Reference [14] has demonstrated that elastic νp
and ν̄p cross-sections measurements and PV ep
elastic asymmetries can be combined to extract
GsE , GsM and GsA , the neutrino data being more

GsA using PV experiments including G0 data combined with E734 neutrino data (taken from reference
[15]).

5. Summary
The forward angle asymmetries measured in
elastic electron-proton scattering obtained from
the G0 experiment have allowed the determination of a linear combination GsE + ηGsM over
the largest range of momentum transfers ever
achieved, between 0.12 to 1 (GeV /c)2 . These
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new results, which exhibit a Q2 dependence of
GsE + ηGsM , are compatible with contributions
of opposite signs to the electric and magnetic
form factors. When combined with the other
PV experimental results, these data add new constraints on the determination of GsE and GsM under some hypothesis on the parametrizations of
these form factors. They can can also be combined with neutrino data to extract the strange
axial form factors between 0.45 and 1 (GeV /c)2 .
After the turn-around of the spectrometer, a
second phase of G0 experiment will be started
in 2006 to measure asymmetries in the backward
angle kinematics. Data taking will be performed
on hydrogen and deuterium targets for Q2 = 0.23
and 0.63 (GeV /c)2 by detecting the electrons at
about 108 ◦ . In this conﬁguration the background, which is composed of electrons and negative pions coming from inelastic processes, will
be separated using the FPD detectors in conjunction with a second hodoscope (CED). Also the
π − produced on hydrogen and deuterium targets
will be separated from electrons with the help of
a Čerenkov counter. The CED − F P D coincidences, enabled by the Čerenkov signal, will then
provide asymmetries not only for the elastic scattering but also for the N − ∆ inelastic transition
process [17].
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