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X-ray polarimetry is expected to provide unique in-
formation about stars, such as strong gravitational
fields around black holes. However, it is far behind in
technology in comparison to radio/optical polarimetry,
and the observation of Crab nebula by OSO-8 satellite
40 years ago has been the only detection of X-ray po-
larization among astronomical objects1). NASA and
RIKEN have been developing the X-ray polarimeter
using the time projection chamber (TPC) technique
with the sensitivity 10 times greater than the OSO-8
polarimeter, for the Gravity and Extreme Magnetism
Small explorer (GEMS), an X-ray polarization tele-
scope missiona). Although we have already built the
flight model2), a detailed study is still needed in order
to fully understand the characteristics of the TPC po-
larimeter. We therefore fabricated an in-house TPC
polarimeter at RIKEN (RIKEN polarimeter) for tests
in various situations. In this report, we present a brief
overview and the basic performance of the RIKEN po-
larimeter.
The TPC polarimeter is a gas-based detector with

sensitivity in the energy range of 2− 10 keV. The po-
larimeter can image a photoelectron and reconstruct
its initial direction, where the azimuth angle distribu-
tion depends on the linear polarization degree/angle of
the incoming X-ray3).
The design of the RIKEN polarimeter is originally

based upon the GEMS polarimeter4), although handy
materials (e.g., bare aluminum instead of copper-
tungsten or gold-plated aluminum) are used for easier
machining. Another modification is that we adopted
the Scalable Readout System (SRS), manufactured by
CERN/RD51, instead of a custom-made ASIC as the
strip readout. A SRS consists of APV25(s) with a sam-
pling rate of 40 MHz, ADC card(s), and a Front-End
Card. Figure 1 shows the photoelectron track taken
by the RIKEN polarimeter.
What we actually measure with the polarimeter is

a modulation curve, an azimuth angle distribution of
the photoelectron. The modulation factor µ is derived
from (fmax − fmin) / (fmax + fmin), where fmax and
fmin are the maximum and minimum counts in the
curve. The modulation factor of the polarimeter µpol,
which represents the sensitivity of polarimetry, is de-
fined as µ which should be measured with a 100% po-
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larized source. The first step of our study is to deter-
mine µpol of the RIKEN polarimeter.

We performed two experiments: (a) to measure
µ with highly (∼85%) polarized source at BL32B2
SPring-8, and (b) to confirm the flat modulation with
unpolarized line emission produced by an X-ray gener-
ator. We took measurements at 4.5, 5.5, 6.4, 7.0, and
7.5 keV for (a) and 4.5 and 6.4 keV for (b), although
we focus on only the result of the 4.5 keV data here.

Figure 2(a) shows the modulation curve taken with
the well-collimated (200×200 µm2) 4.5-keV polarized
X-ray at the middle height of the active volume, and
(b) shows that with the 4.5-keV unpolarized X-ray un-
der the same condition. The obtained µpol at 4.5 keV is
0.3×0.85/pbeam, where pbeam is the polarization degree
of the X-ray beam, while the observed flat modulation
is 0.00±0.02. Meanwhile, the determination accuracy
for the polarization angle is about 4◦ at a certain drift
height. A detailed comparison with the GEMS po-
larimeter and other performance studies (e.g., detector
angle dependency for the sensitivity) are in progress.

(a) 4.5 keV (b) 6.4 keV

1 mm

Fig. 1. Charge-weighted photoelectron track image taken

by the RIKEN polarimeter with a 6.4-keV X-ray, to-

gether with a reconstructed angle with the blue arrow.
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(a) Polarized 4.5 keV (b) Unpolarized 4.5 keV

Fig. 2. Modulation curve for 4.5 keV (a) polarized X-ray

and (b) unpolarized X-ray taken with the TPC po-

larimeter.
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Measurement of X-ray beam polarization of BL32B2 at SPring-8
using a Compton polarimeter
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We develop a photoelectric tracking gas detector us-
ing a time projection chamber technique for a cosmic
X-ray polarimetry?). To calibrate the X-ray polarime-
ter at a synchrotron facility, the polarization degree of
the incident X-ray beam should be known. In order to
measure the beam polarization, we build a Compton
polarimeter based on the X-ray scattering processes,
where the angular distribution of the scattered X-rays
is sensitive to the polarization direction of the incident
X-rays. The Compton polarimeter can accurately mea-
sure the beam polarization owing to its high analyzing
power. We use the Compton polarimeter to measure
the beam polarization of the BL32B2 beamline at the
SPring-8 synchrotron facility where the gas X-ray po-
larimeter is verified.

Figure 1 shows the schematic view of the experi-
mental setup. The Compton polarimeter consists of a
cylindrical Be scatterer and two X-ray detectors, i.e.,
a Si sensor and a CdTe sensor, that face each other
across the scatterer. Each detector is located 1 cm
away from the Be scatterer and has a diameter of 4
mm and an effective length of 4 mm. Incident X-rays
from left to right, as shown in Fig. 1, are scattered
by the Be cylinder and then detected by these sensors.
As the detectors rotate around the scatterer through a
rotation stage, the count rates modulate with the min-
imum rate in the direction of the electric field vector
(i.e., the polarization direction) of the incident X-rays
and the maximum rate perpendicular to the vector.
The count rate shows a sinusoidal curve as a function
of the rotation angle (modulation curve). The polar-
ization degree of the incident X-rays is derived from
the modulation curve. We measure the polarization
degree of the incident X-rays at 4.5, 6.4, and 8.0 keV.

Figure 2 shows the modulation curve for 4.5 keV X-
rays. The data points are fitted by a sinusoidal model
with a constant offset: f(θ) = a ∗ cos(2 ∗ (θ − b)) + c,
where θ is the rotation angle. The free parameters
a, b, and c represent the amplitude, polarization di-
rection, and offset, respectively. The observed beam
polarization degree, µobs, is calculated using the equa-
tion: µobs = a/c. We define zero degree in the detector
coordinate system when the Si detector is on top. In
order to reduce the systematic error caused by beam
misalignment, we calculate the average of the count
rates obtained from two angles 180 degrees apart from
each other. To calculate the beam polarization, P , we
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need to know the modulation factor, Msim, which is
100% for a perfect polarimeter and 0% for an insensi-
tive detector. We estimate it using the Geant4 Monte
Carlo toolkit?). The obtained parameters, µobs, Msim,
and P , are listed in Table 1. The beam polarization
degrees at 4.5, 6.4, and 8.0 keV are estimated to be
75.9±0.1%, 77.1±0.2%, and 77.0±0.1%, respectively.
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Fig. 1. Experimental setup to measure the synchrotron X-

ray beam polarization. The two X-ray detectors are

the AMPTEK XR100CR Si detector and the XR100T

CdTe detector.
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Fig. 2. Modulation curve of polarized X-rays with an en-

ergy of 4.5 keV. The red line indicates the best-fit

model.

Table 1. Summary of the observed modulation (µobs), sim-

ulated modulation factor (Msim), and beam polariza-

tion (P )

E µobs Msim P
(keV) (%) (%) (%)
4.5 69.2± 0.1 91.21± 0.10 75.9± 0.1
6.4 70.6± 0.2 91.62± 0.05 77.1± 0.2
8.0 72.1± 0.1 93.67± 0.02 77.0± 0.1
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