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Abstract

Gamma-ray astronomy has accomplished a big progress by observations of artificial satellites,
ground based Cherenkov telescopes etc. However, the “energy gap” where observation is difficult
still exists in the range of 10GeV-100GeV even by these observations. In order to fill this “energy
gap”, improvements of detector sensitivity are required.

Angular resolution of the Cherenkov telescopes used for the present high energy gamma-ray
observation is roughly 0.1 degrees. This is caused by focal image spreads by using limited number
of segmented mirrors, and optical aberration etc. Moreover, the number of the photo-multipliers
(PMT) currently used for the camera is several hundreds at most, and small images of low energy
gamma rays which spreads only a few pixels on the camera cannot be caught by them sharply.
Not only decreasing the energy threshold to detect gamma rays but also improvements of angular
resolution by using an ideal optical system which has no optical aberration and a high-resolution
camera have been suggested by our previous study. Furthermore, if Cherenkov telescopes of
10m diameter with such optical systems are placed at a high mountain of 4000m class, it is very
effective to observe gamma rays in the energy range of 20GeV-100GeV.

In this report, I carried out a design of telescopic optical systems toward the realization of such
high-resolution Cherenkov telescopes, and evaluated the validity of the high-resolution Cherenkov
telescopes. For the realization of such telescopes, the structure should be simple for minimizing
the construction cost.

As a result, when a spherical mirror and two Fresnel lenses were used as a telescopic optical
system, the spread of the image could be suppressed to about 0.025 degrees at 1 degree of

incidence angle. This is one of the best optical resolutions for the Cherenkov telescope.
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Source Type TeV flux  Variability
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Mkn501 AGN 2-80 Yes
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Poisson distribution (D=10m)
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Lateral Distribution of Cherenkov Photons
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Fresnel Surface’s Curve (lens1 - front) Fresnel Surface’s Curve (lenst - back)
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The Distribution of Hight—-Density
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The Distribution of Hight-Refractivelndex
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Hight-Angle of Cerenkov light emission at 440nm(wavelength)
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Hight-Angle of Cerenkov light emission at 440nm(wavelength)-Fe
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Photon - Z
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