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The P2 Experiment at the new Mainz Energy-recovering Superconducting Accelerator (MESA)
aims at measuring the weak mixing angle sin2

θW at low Q2 with high precision. Therefore the
polarization of the incident electron beam has to be known with a very high accuracy (< 0.5 %). A
conventional Mott-polarimeter requires a lot of effort in calibration to be able to acieve this goal.
A Double Scattering Polarimeter (DSP) promises to meet these requirements with less effort.
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1. Introduction

As a fundamental parameter of the Standard Model of particle physics, the weak mixing angle
sin2

θW has been measured with great precision at high Q2. In order to achieve equally precise mea-
surements at lower Q2, the new Mainz Energy-recovering Superconducting Accelerator (MESA)
is being constructed. At this new accelerator the P2 collaboration will measure the weak mixing
angle in electron proton scattering with an average momentum transfer Q2 of 4.5 · 10−3 GeV2/c2

and aims for a precision of 0.13 % in sin2
θW, which in turn requires to measure the parity violating

asymmetry with an relative accuracy of 1.6 %. [1]
This level of precision requires the polarization of the incident electron to be known with an

uncertainty of less than 0.5 %. In this case the error of the polarization measurement will cease to
be a major limiting factor for the overall uncertainty. A crucial parameter in the determination of
the polarization is the effective analyzing power (Seff) of the polarimeter, which can be determined
in different ways. In this paper we discuss the possibility of elastic electron-nucleus scattering,
which is frequently called "Mott-Scattering".

2. Single Scattering Mott-Polarimeter

In conventional Mott-Polarimeters the effective analyzing power is determined by measuring
a left-right asymmetry (A) of a polarized electron beam. For targets of finite thickness, multiple
scattering leads to a dilution of the asymmetry-signal. Therefore, the asymmetry is recorded from a
series of targets of various thicknesses. The asymmetry over thickness is then extrapolated to zero
target thickness and this extrapolated value compared to the one that can be calculated from theory.

Tioukine et al. [2] discuss several error sources introduced by this method and conclude that it
is very difficult to reduce these error sources much below 1 % which does not meet the requirements
just discussed.

3. The Double Scattering Polarimeter

In a DSP two identical targets are used to measure the effective analyzing power of the targets.
Here an unpolarized beam is polarized at the first target. Electrons back-scattered under the angle
Θ, are collimated onto the second target and the asymmetry of the double scattered electrons is then
measured at the same angle Θ with respect to the second target. With identical targets this results
in two identical scattering processes and the effective analyzing power can be determined by

Seff,unpol. =
√

A

where A is the experimentally observed counting asymmetry.
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Figure 1: e: incident unpolarized beam; P: polarized beam after first scattering; hm/hp: distance from
secondary target to the monitor/polarization counters. Adapted from [5]

Further cross-checks can be performed using a polarized primary beam [3]. By doing so and
switching the polarization of the primary beam, the requirement for two identical targets can be
dropped.

Figure 2: Computer drawing of the current DSP test setup with the Wien-filter (red)

The device is operated at 100 keV, which corresponds to the source energy of MESA. For the
polarization measurement of an unknown electron-beam, a target with calibrated effective analyz-
ing power is moved into the beam. The beam polarization is then given by

P = Aexp/Seff

This is an invasive measurement but the measurement time is very low due to the fact that only
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single scattering is necessary once the target has been calibrated. The accuracy in the determination
of Seff is mainly limited by the control over instrumental asymmetries during the calibration.

4. Instrumental Asymmetries

With the whole counter-arrangement being rotatable around the axis of the scattered beam by
180◦, instrumental asymmetries, like different gains in the detectors of a pair, can be compensated
by using a so called superratio to calculate the asymmetry.

A =
1−
√

Q
1+
√

Q

Q =
NA

1 NB
2

NA
2 NB

1

Where the subscript names the detector number (1 or 2) and the superscript (A or B) the rotary
position (0◦ or 180◦) of the whole counter arrangement.

In order to also eliminate instrumental asymmetries from the scattered beam being off axis, a
second pair of counters, the monitor-counters, is placed under a forward angle of 45◦, where the
analyzing power is negligible.

The ratio of the distances hm/hp can be derived [4] from a measurement of the angle dependent
intensity (I(Θ)) of the scattered electrons in single scattering by

hm

hp
=

cosΘm−2[E(Θm)]
−1 sinΘm

cosΘp−2[E(Θp)]−1 sinΘp

where E(Θ) = (1/I(Θ))(∂ I(Θ)/∂Θ), with I(Θ) being the intensity of the beam after the first scat-
tering. The measurement is repeated several times in order to minimize the possible influence of
fluctuations on the determination of the slopes. However this determination process still may be a
source of systematic uncertainties, that require further investigation.

Afterwards the target used to determine hm/hp is used as the secondary target in double scat-
tering.

5. Measurements

After careful adjustments of the counter-pairs, measurements to determine the effective ana-
lyzing power of a set of targets (74 µg Gold on Formvar backing-foil) have been performed. The
asymmetries of the single measurements for each counter-pair were put together in a histogram
(see fig. 3) and both sets of data can be fitted with a gauss-distribution.

3



P
o
S
(
P
S
T
P
2
0
1
7
)
0
2
9

A Double scattering polarimeter for the P2 experiment at MESA Matthias Molitor

Figure 3: Histogram of 430 single measurements. Red: Asymmetry of monitor counters; Purple: Asymme-
try of Polarization counters; Blue: Combined asymmetry of all four counters

Correcting the asymmetry in the polarization-counters (Ap) with the asymmetry in the monitor-
counters (Am), we obtain the total asymmetry [4]

A = Ap− c Am

c = E(Θp)/E(Θm)

with a value of A = 9.019±0.001% from these measurements. This corresponds to an effective
analyzing power of Seff = 0.300±0.001 (only taking statistical errors into account).

Using a polarized beam and a Pockels-Cell to flip the polarity, the asymmetries A↑, A↓ (double scat-
tering with ↑/↓ polarisation), A1 and A2 (Asymmetry at the first/second target in single scattering)
can be measured. With these four asymmetries and the one from the unpolarized measurement the
effective analysing power can be calculated in different ways:

S2
eff,1 =

A2A
A1

S2
eff,2 =

A2

2A1

[
A↑ (1+A1)+A↓ (1−A1)

]
The three different methods yield the following results (only statistical uncertainties shown):

Seff,unpol = 0.300 ± 0.001
Seff,1 = 0.295 ± 0.001
Seff,2 = 0.288 ± 0.002

The determination of systematic errors is ongoing.
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6. Summary and Outlook

The DSP promises an accuracy of 0.5 % or even better, as required for the upcoming P2-
Experiment. Double scattering measurements have been performed and a first correction for in-
strumental asymmetries has been made. The cross-checks with polarized beam show deviations of
±2 % between the different methods so far. Potential sources of systematic uncertainties have been
identified e.g. in deviations in polarization when reversing it, possible changes in background, the
threshold level set for the counters or the achievable accuracy of the ratio hm/hp, but still need to
be quantified.

References

[1] N. Berger et al., Measuring the weak mixing angle with the P2 experiment at MESA,
arXiv:1511.03934 [physics.ins-det]

[2] V. Tioukine, K. Aulenbacher and E. Riehn, A Mott polarimeter operating at MeV electron beam
energies, Rev. Sci. Instrum. 82 (2011) 033303

[3] S. Meyer, T. Fischer, W.Blaschke, J. Kessler, Calibration of a Mott electron polarimeter: Comparison
of different methods, Rev. Sci. Instrum. 64 (1993) 952

[4] A. Gellrich, K. Jost, J. Kessler, Elimination of instrumental asymmetries in electron polarization
analysis, Rev. Sci. Instrum. 61 (1990) 3399

[5] A. Gellrich, J. Kessler, Precision measurement of the Sherman asymmetry function for electron
scattering from gold, Phys. Rev. A 43 (1991) 204

5


