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c© Società Italiana di Fisica / Springer-Verlag 2005

Abstract. We report here on a new measurement of the parity violating (PV) asymmetry in the scattering
of polarized electrons on unpolarized protons performed with the setup of the A4-collaboration at the
MAMI accelerator facility in Mainz. This experiment is the first to use counting techniques in a parity
violation experiment. The kinematics of the experiment is complementary to the earlier measurements of
the SAMPLE collaboration at the MIT Bates accelerator and the HAPPEX collaboration at Jefferson Lab.
After discussing the experimental context of the experiments, the setup at MAMI and preliminary results
are presented.

PACS. 12.15 Electroweak interactions – 11.30.Er Charge conjugation, parity, time reversal, and other
discrete – 13.40.Gp Electromagnetic form factors – 25.30.Bf Elastic electron scattering

1 Strangeness in the nucleon

The understanding of quantum chromodynamics (QCD)
in the nonperturbative regime of low energy scales is cru-
cial for understanding the structure of hadronic matter
like protons and neutrons (nucleons). The successful de-
scription of a wide variety of observables by the concept
of effective, heavy (≈ 350 MeV) constituent quarks, which
are not the current quarks of QCD, is still a puzzle. There
are other equivalent descriptions of hadronic matter at low
energy scales in terms of effective fields like chiral pertur-
bation theory (χPT) or Skyrme-type soliton models. The
effective fields in these models arise dynamically from a
sea of virtual gluons and quark-antiquark pairs. In this
context the contribution of strange quarks plays a special
role since the nucleon has no net strangeness, and any
contribution of strange quarks to the nucleon structure
observables is a pure sea-quark effect. Due to the heavier
current quark mass of strangeness (ms) as compared to
up (mu) and down (md) with ms ≈ 140 MeV � mu, md

≈ 5-10 MeV, one expects a suppression of strangeness ef-
fects in the creation of quark-antiquark pairs. On the other
hand the strange quark mass is in the range of the mass
scale of QCD (ms ≈ ΛQCD) so that the dynamic cre-
ation of strange sea quark pairs could still be substantial.
The topic of the strangeness content of the nucleon has
been widely discussed in other contributions to this con-
ference from J. Ellis, A. Silva, B. Kubis and others. Parity
violating (PV) electron scattering off nucleons provides
experimental access to the strange quark vector current
in the nucleon 〈N |s̄γµs|N〉 which is parameterized in the

electromagnetic form factors of proton and neutron, Gs
E

and Gs
M [1]. Recently the SAMPLE-, HAPPEX- and A4-

collaboration have published experimental results. A di-
rect separation of electric (Gs

E) and magnetic (Gs
M ) con-

tribution at forward angle has been impossible so far, since
the measurements have been taken at different Q2-values.
The experimental details of the SAMPLE, HAPPEX, A4
and G0 collaboration is discussed in greater detail in many
long and short contributions of this conference proceed-
ings.

A determination of the weak vector form factors of the
proton (G̃p

E and G̃p
M ) by measuring the PV asymmetry in

the scattering of longitudinally polarized electron off un-
polarized protons allows the determination of the strange-
ness contribution to the electromagnetic form factors Gs

E

and Gs
M . The weak vector form factors G̃p

E,M of the proton
can be expressed in terms of the known electromagnetic
nucleon form factors Gp,n

E,M and the unknown strange form
factors Gs

E,M using isospin symmetry and the universal-
ity of the quarks in weak and electromagnetic interaction
G̃p

E,M = (Gp
E,M − Gn

E,M ) − 4 sin2 θW Gp
E,M − Gs

E,M . The
interference between weak (Z) and electromagnetic (γ)
amplitudes leads to a PV asymmetry ALR(ep) = (σR −
σL)/(σR + σL) in the elastic scattering cross section of
right- and left-handed electrons (σR and σL respectively),
which is given in the framework of the Standard Model [2].
ALR(ep) is of order parts per million (ppm). The asymme-
try can be expressed as a sum of three terms, ALR(ep) =
AV + As + AA. AV represents the vector coupling at the
proton vertex where the possible strangeness contribution
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has been taken out and has been put into As, a term aris-
ing only from a contribution of strangeness to the electro-
magnetic vector form factors. The term AA represents the
contribution from the axial coupling at the proton vertex
due to the neutral current weak axial form factor G̃p

A. We
average A0 = AV +AA over the acceptance of the detector
and the target length in order to calculate the expected
asymmetry. The largest contribution to the uncertainty of
A0 comes from the uncertainty in the axial form factor
GA, the electric form factor of the proton Gp

E , and the
magnetic form factor of the neutron Gn

M .

2 The A4 experimental setup and analysis

The A4 experiment at MAMI is complementary to other
experiments since for the first time counting techniques
have been used in a scattering experiment measuring a
PV asymmetry. Therefore possible systematic contribu-
tions to the experimental asymmetries and the associated
uncertainties are of a different nature as compared to pre-
vious experiments, which use analogue integrating tech-
niques. More details on the A4 apparatus can be found
in the contributions of J. Diefenbach, B. Gläser, Y. Imai,
J. H. Lee and C. Weinrich.

The PV asymmetry was measured at the MAMI ac-
celerator facility in Mainz [3] using the setup of the A4
experiment [4]. The polarized 570.4 and 854.3 MeV elec-
trons were produced using a strained layer GaAs crystal
that is illuminated with circularly polarized laser light [5].
Average beam polarization was about 80 %. The helicity
of the electron beam was selected every 20.08 ms by set-
ting the high voltage of a fast Pockels cell according to
a randomly selected pattern of four helicity states, either
(+P − P − P + P ) or (−P + P + P − P ). A 20 ms time
window enabled the histogramming in all detector chan-
nels and an integration circuit in the beam monitoring and
luminosity monitoring systems. The exact window length
was locked to the power frequency of 50 Hz in the labora-
tory by a phase locked loop. For normalization, the gate
length was measured for each helicity. Between each 20 ms
measurement gate, there was an 80 µs time window for the
high voltage at the Pockels cell to be changed. The inten-
sity I = 20 µA of the electron current was stabilized to
better than δI/I ≈ 10−3. An additional λ/2-plate in the
optical system was used to rotate small remaining linear
polarization components and to control the helicity corre-
lated asymmetry in the electron beam current to the level
of < 10 ppm in each five minute run.

From the source to the target, the electron beam de-
velops fluctuations in beam parameters such as position,
energy and intensity which are partly correlated to the re-
versal of the helicity from +P to -P. We have used a system
of microwave resonators in order to monitor beam current,
energy, and position in two sets of monitors separated by a
drift space of about 7.21 m in front of the hydrogen target.
In addition, we have used a system of 10 feed-back loops in
order to stabilize current, energy [6], position, and angle of
the beam. The polarization of the electron beam was mea-
sured with an accuracy of 2 % using a Møller polarimeter
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Fig. 1. The top plot shows the data samples of 854.3 MeV
data with the λ/2-plate in and out. The lower plots represents
the data sample for the 570.4 MeV data with the λ/2-plate in
and out as described in the text

which is located on a beam line in another experimental
hall [7]. Due to the fact that we had to interpolate between
the weekly Møller measurements, the uncertainty in the
knowledge of the beam polarization increased to 4 %. The
10 cm high power, high flow liquid hydrogen target was
optimized to guarantee a high degree of turbulence with a
Reynolds-number of R > 2×105 in the target cell in order
to increase the effective heat transfer. For the first time,
a fast modulation of the beam position of the intense CW
20 µA beam could be avoided. It allowed us to stabilize
the beam position on the target cell without target den-
sity fluctuations arising from boiling. The total thickness
of the entrance and exit aluminum windows was 250 µm.
The luminosity L was monitored for each helicity state (R,
L) during the experiment using eight water-Cherenkov de-
tectors (LuMo) that detect scattered particles symmetri-
cally around the electron beam for small scattering angles
in the range of θe = 4.4◦ − 10◦, where the PV asymmetry
is negligible. The photomultiplier tube currents of these
luminosity detectors were integrated during the 20 ms
measurement period by gated integrators and then dig-
itized by customized 16-bit analogue-to-digital converters
(ADC). The same method was used for all the beam pa-
rameter signals. A correction was applied for the nonlin-
earity of the luminosity monitor photomultiplier tubes.
From the beam current helicity pair data IR,L and lumi-
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Fig. 2. Difference between the measured parity violating
asymmetry in electron proton scattering ALR(ep) and the
asymmetry A0 without vector strangeness contribution from
the Standard Model for the SAMPLE experiment at backward
angles, and the HAPPEX and the two A4 results at forward
angles. The new experimental result at Q2=0.108 (GeV/c)2

presented here is the most accurate measurement

nosity monitor helicity pair LR,L data we calculated the
target density ρR,L = LR,L/IR,L for the two helicity states
independently.

To detect the scattered electrons we developed a
new type of a very fast, homogeneous, total absorption
calorimeter consisting of individual lead fluoride (PbF2)
crystals [8,9]. The material is a pure Cherenkov radia-
tor and has been chosen for its fast timing characteris-
tics and its radiation hardness. This is the first time this
material has been used in a large scale calorimeter for a
physics experiment. The crystals are dimensioned so that
an electron deposits 96 % of its total energy in an electro-
magnetic shower extending over a matrix of 3 × 3 crys-
tals. Together with the readout electronics this allows us
a measurement of the particle energy with a resolution of
3.9 %/

√
E and a total dead time of 20 ns. For the data

taken at 854.3 MeV only 511 out of 1022 channels of the
detector and the readout electronics were operational, for
the 570.4 MeV data all the 1022 channels were installed.
The particle rate within the acceptance of this solid angle
was ≈ 50×106 s−1. Due to the short dead time, the losses
due to double hits in the calorimeter were 1 % at 20 µA.
This low dead time is only possible because of the special
readout electronics employed. The signals from each clus-
ter of 9 crystals were summed and integrated for 20 ns
in an analogue summing and triggering circuit and digi-
tized by a transient 8-bit ADC. There was one summation,
triggering, and digitization circuit per crystal. The energy,
helicity, and impact information were stored together in a
three dimensional histogram.

The number of elastic scattered electrons is determined
for each detector channel by integrating the number of
events in an interval from 1.6 σE above pion production
threshold to 2.0 σE above the elastic peak in each helicity
histogram, where σE is the energy resolution for nine crys-
tals. These cuts ensure a clean separation between elas-
tic scattering and pion production or ∆-excitation which
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Fig. 3. The solid line represents all possible combinations of
Gs

E +0.225Gs
M as extracted from the work presented here at a

Q2 of 0.230 (GeV/c)2. The densely hatched region represents
the 1-σ uncertainty. The recalculated result from the HAPPEX
published asymmetry at Q2 of 0.477 (GeV/c)2 is indicated by
the dashed line, the less densely hatched area represents the
associated error of the HAPPEX result

has an unknown PV cross section asymmetry. The lin-
earity of the PbF2 detector system with respect to par-
ticle counting rates and possible effects due to dead time
were investigated by varying the beam current. We cal-
culate the raw normalized detector asymmetry as Araw =
(NR

e /ρR − NL
e /ρL)/(NR

e /ρR + NL
e /ρL). The possible di-

lution of the measured asymmetry by background origi-
nating from the production of π0’s that subsequently de-
cays into two photons where one of the photons carries
almost the full energy of an elastic scattered electron was
estimated using Monte Carlo simulations to be much less
than 1 % and is neglected here. The largest background
comes from quasi-elastic scattering at the thin aluminum
entrance and exit windows of the target cell. We have
measured the aluminum quasi-elastic event rate and cal-
culated in a static approximation a correction factor for
the aluminum of 1.030 ± 0.003 giving a smaller value for
the corrected asymmetry.

Corrections due to false asymmetries arising from he-
licity correlated changes of beam parameters were applied
on a run by run basis. The analysis was based on the five
minute runs for which the counted elastic events in the
PbF2 detector were combined with the correlated beam
parameter and luminosity measurements. In the analysis
we applied reasonable cuts in order to exclude runs where
the accelerator or parts of the PbF2 detector system were
malfunctioning. The analysis is based on a total of 7.3×106

histograms corresponding to 4.8 × 1012 elastic scattering
events for the 854.3 MeV data and 4.8 · 106 histograms
corresponding to 2 · 1013 elastic events for the 570.4 MeV
data.

For the correction of helicity correlated beam param-
eter fluctuations we used multi-dimensional linear regres-
sion analysis using the data. The regression parameters
have been calculated in addition from the geometry of
the precisely surveyed detector geometry. The two differ-
ent methods agree very well within statistics. The experi-
mental asymmetry is normalized to the electron beam po-
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Fig. 4. The solid lines represent the result on Gs
E + 0.106Gs

M

as extracted from our new data at Q2 = 0.108 (GeV/c)2 pre-
sented here. The hatched region represents in all cases the one-
σ-uncertainty with statistical and systematic and theory error
added in quadrature. The dashed lines represent the result on
Gs

M from the SAMPLE experiment [10]. The dotted lines rep-
resent the result of a recent lattice gauge theory calculation for
µs [11]. The boxes represent different model calculations and
the numbers denote the references

larization Pe to extract the physics asymmetry, Aphys =
Aexp/Pe. We have taken half of our data with a second
λ/2-plate inserted between the laser system and the GaAs
crystal. This reverses the polarization of the electron beam
and allows a stringent test of the understanding of sys-
tematic effects. The effect of the plate can be seen in
Fig. 1: the observed asymmetry extracted from the dif-
ferent data samples changes sign, which is a clear sign of
parity violation if, as in our case, the target is unpolarized.
Our measured result for the PV physics asymmetry in the
scattering cross section of polarized electrons on unpolar-
ized protons at an average Q2 value of 0.230 (GeV/c)2
is ALR(ep) = (−5.44 ± 0.54stat ± 0.26syst) ppm for the
854.3 MeV data [12] and ALR(ep) = (−1.36 ± 0.29stat ±
0.13syst) ppm for the 570.4 MeV data [13]. The first error
represents the statistical accuracy, and the second rep-
resents the systematical uncertainties including beam po-
larization. The absolute accuracy of the experiment repre-
sents the most accurate measurement of a PV asymmetry
in the elastic scattering of longitudinally polarized elec-
trons on unpolarized protons. Figure 2 shows the present
situation of all the published asymmetry measurements
in elastic electron proton scattering. From the difference
between the measured ALR(ep) and the theoretical pre-
diction in the framework of the Standard Model, A0, we
extract a linear combination of the strange electric and
magnetic form factors for the 570.4 MeV data at a Q2

of 0.108 (GeV/c)2 of Gs
E ± 0.106 Gs

M = 0.071 ± 0.036.
For the data at 854.3 MeV corresponding to a Q2 value
of 0.230 (GeV/c)2 we extract Gs

E + 0.225 Gs
M = 0.039

± 0.034. Statistical and systematic error of the measured
asymmetry and the error in the theoretical prediction of
A0 been added in quadrature. In Fig. 3 the results for

the 570.4 MeV data are displayed. A recent very accurate
determination of the strangeness contribution to the mag-
netic moment of the proton µs = Gs

M (Q2 = 0 (GeV/c)2)
from lattice gauge theory [11] would yield a larger value
of Gs

E = 0.076 ± 0.036 if the Q2 dependence from 0
to 0.108 (GeV/c)2 is neglected. The theoretical expecta-
tions for another quenched lattice gauge theory calcula-
tion [14], for SU(3) chiral perturbation theory [15], from
a chiral soliton model [16], from a quark model [17], from
a Skyrme-type soliton model [18] and from an updated
vector meson dominance model fit to the form factors [19]
are included into Fig. 4.

Our results concerning the measurement of the trans-
verse beam spin asymmetry have been presented in the
contribution of S. Baunack. We are also analyzing our
data in the region of the ∆(1232) resonance, which has
been presented in the contribution of L. Capozza. We are
preparing a series of measurements of the parity violat-
ing asymmetry in the scattering of longitudinally polar-
ized electrons off unpolarized protons and deuterons un-
der backward scattering angles of 140◦ < θe < 150◦ with
the A4 apparatus in order to separate the electric (Gs

E)
and magnetic (Gs

M ) strangeness contribution to the elec-
tromagnetic form factors of the nucleon.
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