
P
o
S
(
P
S
T
P
2
0
1
5
)
0
3
1

A vector polarimeter at MAMI
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Atomic bremsstrahlung-polarisation correlation between incoming electrons and outgoing pho-
tons may allow to design a polarimeter capable of measuring all components of beam polarisation
simultaneously. This device can be called a vector polarimeter. It might allow to test theoretical
predictions of correlation coefficients between 1 and 3.5 MeV as well as work as a beam diagnos-
tics device. As a first step we have set up a measurement of the helicity transfer to the photon as
a function of electron energy based on the Compton absorption method.
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1. Introduction

1.1 The MAMI accelerator

The MAINZER MIKROTRON is a cascade of microtrons to accelerate electrons up to 1.6 GeV.
Equipped with a polarised gun, it can provide a highly polarised beam with an adjustable polar-
isation vector, which is achieved by a Wien filter based spin rotator [1]. To detect the degree of
polarisation, a polarimeter was installed using Mott [2] scattering in an extraction beamline behind
the injector linac, which is operated at an energy of 3.5 MeV. This Mott polarimeter is only sensitive
to the component of the polarisation vector which is perpendicular to the electron momentum and
lies within the accelerator plane. A vector polarimeter would be able to detect more components
of the polarisation vector simultaneously.

1.2 The correlation tensor

Tseng and Pratt [3] introduced a tensor Cµν (Z,ϑ ,E) which describes the correlation between
the incoming electron polarisation and the polarisation of the emitted photons. For the purpose of
the presented vector polarimeter, we use the outgoing circularly polarised bremsstrahlung. This is
why only the entries of the correlation tensor with ν = 2 are of interest.

For right-hand circularly polarised photons, the cross section can be parameterised according
to

d2σ
dωdΩk

=C0 (1−ηxC12 −ηyC20 −ηzC32)

where ηx,ηy,ηz are the cartesian components of the spin vector of the electron beam1 and C0 is a
spin-independent cross section.

1.3 Measuring principle of the Compton absorption polarimeter

The polarised electron produces circularly polarised photons. To detect the outgoing circular
polarisation, the bremsstrahlung passes a magnetised absorber. We use the fact that the Compton
cross section [4] has a spin-dependent part. The bremsstrahlung scatters on the polarised electrons
inside the magnetic absorber and is therefore scattered out of the detector volume. This design is
also known as a Compton absorption polarimeter [5].

For a completely circularly polarised photon beam passing a completely polarised absorber,
the asymmetry can be written like 1.1:

Afull(Eγ) =
e−σpZNAρd/B − e+σpZNAρd/B

e−σpZNAρd/B + e+σpZNAρd/B =− tanh
(

σpZNAρd
B

)
(1.1)

with σp = spin-dependent Compton cross section, Z = atomic number of the absorber, B = baryon
number of the absorbing material, NA = Avogadro number, d = absorber length and ρ = density
of the absorber. Taking into account that the electron beam is not completely polarised and the fact
that the entry of the correlation tensor C32

(
Eγ ,θ ,Z

)
is a function of energy equation 1.1 transforms

into 1.2 and finally 1.3 for a small argument of the tanh. The atomic number Z is replaced by 2

1z-axis pointing in beam direction and y-axis is perpendicular to the photon emission plane.
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because only approximately two electrons contribute to the magnetisation inside the absorber. The
degree of polarisation of the electron beam is 85 %.

A
(
Eγ

)
= −PeC32

(
Eγ

)
tanh

(
σp

(
Eγ

) 2NAρd
B

)
(1.2)

≈ −PeC32
(
Eγ

)
σp

(
Eγ

) 2NAρd
B

(1.3)

with Pe = polarisation of the electron beam

2. Setup and measurements

Figure 1: Experimental setup

Figure 1 shows a schematic sketch of the experimental setup. The polarised electron beam
with an energy of 3.5 MeV is coming from the right and produces bremsstrahlung at the gold target.
Magnets apply magnetic fields over the trapezoidal exit window to deflect the scattered electrons
in order to have only the bremsstrahlung photons traveling towards the magnetic absorbers and
detectors. The magnetic absorbers are excited by solenoid coils to polarise the electrons inside the
material. Behind the absorbers the γ radiation is detected by LYSO crystals with photomultiplier
tubes. The signals are passed to multi channel analysers which are an in-house development of the
electronic department for making a histogram of the photon spectra.

2.1 Energy resolved measurement of the transverse polarisation via C12(θ ̸= 0,Eγ) and
C32(θ ̸= 0,Eγ)

For these measurements, the detectors to the left and the right are used since C12 (θ = 0) = 0
as in [6]. It describes the correlation between the transverse polarisation of the electrons within the
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accelerator plane and the circular polarisation of the outgoing photon. But C32 contributes to the
circularly polarised photons aswell. This is why the asymmetry should follow function 2.1

A(ϕPol) = χ (C32 cos(ϕPol)±C12 sin(ϕPol)) (2.1)

where χ is a constant of proportionality. Since C12 has a change in sign from the left to right side,
the function is symmetric again. Figure 3 shows the results of the measurement of asymmetry as
a function of the polarisation angle ϕPol for different photon energies. The plus sign in 2.1 is for
the right hand detector and the minus sign for the left hand detector. The solid lines in the plot
come from fits to equation 2.1. The predicted contribution due to a non-zero value of C12 is clearly
visible from the data.

The value at ϕPol = 0◦ gives C32 while from the values at ϕPol =±90◦ it is possible to calculate
C12. The extracted values of C12 are in agreement with the theory within the limits of the statistical
errors. The systematic errors are under investigation.

Figure 2: Asymmetry in left hand detector and right hand detector as a function of photon energy for θ = 21◦

3. Summary & Outlook

We have performed measurements of photon transmission through magnetic absorbers under
θ = 21◦ to gain access to C32(Eγ ,θ) and C12(Eγ ,θ). To our knowledge, this is the first time that
the effect of transverse polarization being transferred into circular photon polarisation has been
observed in this energy range. The knowledge of such correlation coefficients is helpful for the
exact modelling of spin transport in thick targets, such as the polarised positron target for ILC. The
values are important for the modeling of spin transport and will be used for further projects, for
instance polarised positron sources. Moreover, this apparatus can measure different components of
the polarisation vector at the same time, a so-called vector polarimeter.
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