
We report the result of a beam test on a prototype of Astronomical hard X-ray/soft gamma-ray
Polarimeter, PoGO (Polarized Gamma-ray Observer). PoGO is a new balloon-borne instrument to
measure the polarization from astrophysical objects in 25-100 keV range with unprecedented sensitivity,
and under development by an international collaboration including United States, Japan, Sweden and
France. It consists of 200-400 plastic scintillators and utilizes the design of well-type phoswich counter,
providing us with a large effective area and an extremely low background. To examine the performance
of PoGO to measure the polarization, we conducted a beam test on the prototype at the Advanced
Photon Source Facility at Argonne National Laboratory. The detector consists of seven plastic
scintillators and was irradiated by polarized synchrotron beam of 60, 73, and 83 keV. We succeeded in
obtaining a clear modulation and reproducing data with Geant4 simulation within ~10%.  
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PoGO, Polarized Gamma-ray Observer,  is a new balloon-borne instrument to measure the polarization from
astrophysical objects in hard X-ray/soft gamma-ray band (25-100 keV). It employs the concept of a well-type phoswich
counter (Kamae et al. 1992, SPIE, 1734, 2; Kamae et al. 1996, SPIE, 2806, 314) and will achieve the unprecedented low
background and high sensitivity. PoGO consists of 200-400 units of plastic scintillators and determines the polarization
by measuring the azimuthal angle distribution from Compton scattering. Each units is composed of a hexagonal fast
plastic scintillator (detection part), collimators consisting of a slow plastic scintillator and high-Z metal, and a bottom
BGO (Fig. a). Dimensions of the slow-scintillator collimator are ~2.68 cm wide and ~60 cm long, giving a narrow field of
view of ~5 deg2. Signals from scintillators are read-out by single photo multiplier tube and interactions in the fast
scintillator are distinguished from interactions of others by examining the time development of the signal. These active
shields and side anti BGOs reduce the background effectively (Fig b). Expected background level due to atmospheric
gamma-rays is ~10mCrab in 40-50 keV, where the effective area is the highest (Fig. c and d). Here, flux models
developed through the GLAST Balloon Experiment (e.g., D. J. Thompson et al. 2002, IEEE Trans. Nucl. Sci. 49, 1898) are
utilized. For more detail, please refer to the talk by T. Kamae and J. Mitchell.

To examine the performance of PoGO and validate the
Geant4-based Monte-Carlo simulator, we conducted the
beam test at the Advanced Photon Source (APS) Facility
of Argonne National Laboratory on November 12-18, 2003.
A prototype consisting of 7 fast plastic scintillators and
PMTs was used for the test (note that there is no slow
scintillators nor BGOs). We irradiated polarized mono-
energetic synchrotron beam of 60 keV, 73 keV and 83 keV
at the center of the central scintillator (Fig. a). Polarization
vector of the beam is along the horizontal axis (x-axis in
the photo).
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We measured the polarization by measuring the azimuth-
angle asymmetry of the Compton scattering: incident
beam is scattered by the central scintillator and photo-
aboserbed by one of ring scinrillators. In most of the run,
data acquisition was triggered by the coincidence of hits
in the central scintillator (Compton scattering threshold
level) and any one of ring scintillators (photo-absorption
threshold level) to obtain the Compton events efficiently.
While processing data, subsequent triggers were inhibited
(Fig. b). Shaper outputs of 7 scintillators were digitized
and recorded by a waveform analyzer. Fig. c shows a
sample of obtained data for 73 keV run.
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