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Development of Hard X-ray Polarimeter employing MAPMT and
the Estimaiion of its Performance through a Balloon-borne Experiment

m X B H

In X-ray astronomy, various kinds of information on stellar objects have been
obtained from energy spectrum, time variabilities, and images. Although the ob-
servation of polarization is also important, it has not been carried out for 25 years,
because of the difficulty of developing a polarimeter with a high sensitivity. Then, we
have been developing a Compton-scattering-type hard X-ray polarimeter sensitive to
the energy range from 40 to 200 keV, employing segmented plastic and Csl{T]) scin-
tillators mounted on a flat-panel multianode photomutiplier (MAPMT). Since hard
X rays penetrate more deeply into the atmosphere than typical X rays, it is possible
to observe hard X rays emitted by stellar objects with a balloon-borne experiment
at an altitude of ~40 km. Such an experiment can be carried out at a lower cost
than a satellite-based experiment. Therefore, we constructed a prototype hard X-ray
polarimeter for balloon-borne experiment. This polarimeter consists of segmented
plastic scintillators which are surrounded by segmented CsI(T1) scintillators. These
are mounted on multianode photomultiplier (MAPMT). As the incident hard X rays
enter one of the plastic scintillators, it is scattered and then is absorbed by one of the
CsI(T'l) scintillators. Obtaining the scattering and the absorption positions by the
MAPMT, the scattering direction can be determined. Since the scattering direction
depends on the polarization direction of the incident hard X rays, we can obtain the
information on the polarization from the scattering direction. We carried out beam
experiment to investigate the basic performance of the prototype polarimeter. More-
over, we also carried out computer simulations. We confirmed that the results by the
computer simulations are in good agreement with those by the beam experiments.
Finally, it was found that the prototype polarimeter can obtain a modulation factor
and a detection efficiency of ~40% and ~20%, respectively. In June 2004, we carried
out balloon-borne experiment and the detector successfully operated at 38.5 km alti-
tude. Then the data for background at the ceiling were obtained for ~90 minutes and
the Crab Nebula can be also observed for only 10 minutes. From the results of the
data analysis, we confirmed that the background can be much reduced by extracting
the events with the coincidence between only one plastic scintillator and only one
CsI(T'1) scintillator.
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