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The elastic (Rayleigh) scattering of polarized energetic
photons by atoms has attracted continuous theoretical and
experimental interest [1, 2]. Observations under large scat-
tering angles are of particular importance as they are well
resolved from Compton scattering contributions and, in
case of high-Z targets, are most sensitive to relativistic ef-
fects on the K-shell electrons. In addition, the theoreti-
cal description of Compton to Rayleigh differential cross
section is of particular challenge. The recent development
of efficient and precise Compton polarimeters for the en-
ergy region between 70 keV and a few hundred keV [3]
together with the availability of intense beams of polarized
hard x–rays at synchrotron facilities enables for differen-
tial cross section measurements of Rayleigh scattered pho-
tons. Furthermore, for best of our knowledge, no experi-
mental data for the degree of linear polarization of elastic
(Rayleigh) scattered photons are available, up to now.

Figure 1: A linearly polarized photon beam with an energy
of 147 keV, is backscattered from an Au-target. The spec-
trum was measured with a standard Germanium detector
under a scattering angle of 156 ◦.

Therefore, we performed a first test experiment at
Helmholtz Centre DESY in Hamburg. The synchrotron
DORIS III provides us with both, a high intensity as well
as a 92 % linearly polarized photon beam. Despite a high
detector efficiency, a low count rate was expected because
of low cross section under large scattering angles Θ. With
three days of test–beamtime, the goal was to explore count
rate, background radiation and the property of DORIS III
for x–ray spectroscopy and polarimetry at the energy range
of 100 keV.

In our experimental setup we investigated backscattered
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Figure 2: Expected degree of linear polarization of Comp-
ton scattered photons.

Compton and Rayleigh photons from a primary beam with
an energy of 147 keV. A typical spectrum is given by
figure 1, which shows the Compton– and Rayleigh–Peak
at a scattering angle of Θ = 156 ◦ as well as the Kα2,1

and
Kβ1,2 radiation of a thin Au target. Points of interest are the
Compton and Rayleigh cross sections at high energies and
large scattering angles Θ. A preliminary analysis yields in
Compton to Rayleigh count rate of 22± 5 (Au–target) and
230 ± 20 (Ni–target).

After the installation at the beamline, we started a proof–
of–principle measurement with a 2D Si(Li) Compton–
Polarimeter [4] to figure out, if a polarization study with
low count rate of scattered photons and a high intensity
of background radiation was feasible in general. Figure 2
shows the theoretical polarization of Compton scattered
photons, calculated for a 92 % linearly polarized primary
beam [5]. Polarization analysis leads us to a 77.1 ± 6.6 %
linear polarization of the Compton scattering peak, which
fits to theory.

In this first pilot experiment, counting statistics of Au–
Compton and Au–Rayleigh is low. But based on existing
data we are now applying for an extended run. This fu-
ture experiment, planned for 2011, will make use of an im-
proved target chamber. This intends to reduce background
radiation, which enables polarization studies of Rayleigh
scattering.
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