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Recent gamma-ray observations have provided insights into the most energetic phenomena in the
universe, while the MeV gamma-ray region still remains unexplored. A difficulty of observing in
this band comes from strong background and therefore an establishment of the imaging method
is highly required. To explore sub-MeV and MeV band, we have developed an Electron Tracking
Compton Camera (ETCC) consisting of a gaseous Time Projection Chamber (TPC) as a scatterer,
and a position-sensitive scintillation camera as an absorber. The ETCC measures the track of a
recoil electron that enables us to uniquely reconstruct the direction and energy of an incident
gamma ray for each photon, and also has an advantage of background rejection methods, dE/dx
particle identification and the Compton scattering kinematics test. We performed the balloon flight
with a small ETCC (Sub-MeV gamma-ray Imaging Loaded-on-balloon Experiment: SMILE) to
obtain diffuse cosmic and atmospheric gamma rays with a good background suppression [1].
Now we have constructed a 30cm-cube ETCC for the balloon experiment (SMILE-II) to catch
gamma rays from celestial objects and terrestrial gamma rays in the North Pole that are caused
by precipitation of relativistic electrons from the radiation belts into Earth’s atmosphere [2]. At
SMILE-II we test the imaging performance of the ETCC at high altitudes that was demonstrated
at ground-based experiments. SMILE-II will perform advanced Compton imaging in the 0.15-1
MeV gamma-ray band with an effective area of about 1-2 cm2 for 200 keV, which provides a
detection of gamma rays from the Crab with > 5 sigma during a few hours observation at the
middle latitude by its good background rejection ability. Our final goal is to develop and launch an
extended ETCC on a satellite with a sensitivity of several dozen times as good as then COMPTEL
for continuum [3]. We report the prospects of the observations at SMILE-II with a simulated
performance at high altitudes based on an experimental one at sea level.
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