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Abstract: The Cherenkov Telescope Array (CTA) is a next-generation ground-based gamma-ray observatory,
which is expected to propel very-high-energy (VHE ; E ¿ 30 GeV) astrophysics research to an unprecedented
level. This will be achieved through the operation of a large array of imaging atmospheric Cherenkov telescopes
(IACTs), which simultaneously image Cherenkov light from the atmospheric cascades from multiple positions
around it. This offers the possibility to significantly improve angular resolution and background rejection if the
pixel size of the IACT cameras is reduced by at least a factor of two compared to current instruments such as
VERITAS, H.E.S.S., and MAGIC. We have proposed and are developing a novel IACT design for CTA utilizing a
Schwarzschild-Couder (SC) aplanatic two-mirror optical system capable of achieving this goal. In comparison
with the traditional single mirror Davies-Cotton IACT, the SC telescope can accommodate a wide field of view
simultaneously with significantly improved imaging resolution. In addition, the reduced plate scale of an SC
telescope makes it compatible with highly integrated cameras assembled from silicon photomultipliers. In this
contribution, we report on the development of a full-scale 9.5-m prototype SC telescope for CTA, which will be
constructed at the Fred Lawrence Whipple Observatory in southern Arizona during the 2014-2015 period.
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1 Introduction
The Cherenkov Telescope Array (CTA) ground-based
gamma-ray observatory is planned as a large array of imag-
ing atmospheric Cherenkov telescopes (IACTs) of differ-
ent apertures distributed over a footprint area exceeding 1
km2. Such installation enables an unprecedented accura-
cy of the imaging of the Cherenkov light produced by the
secondary particles of atmospheric cascades, because the
characteristic area of the distribution of this light, 0.1−0.2
km2, is much smaller than the array footprint and therefore
the imaging of the majority of the detected atmospheric cas-
cades happens from multiple positions around the core of
a shower. This essential difference of CTA operation com-
pared to the present day ground-based gamma-ray obser-
vatories, such as VERITAS, H.E.S.S. and MAGIC, allows

significant improvement of the observatory angular resolu-
tion, background rejection, and sensitivity, if currently uti-
lized prime focus Davies-Cotton or parabolic IACT designs
can be improved to achieve better imaging resolution. CTA
is expected to open up an observational window for very
high energy (VHE) transient phenomena in the Universe
and to conduct all sky VHE surveys. Both of these primary
CTA scientific goals require wide field of view observations
and combined with the budget constraints, translates into
demanding CTA instrumentation requirements. The ideal
CTA IACT must have high resolution imaging over a wide
field of view, large light collecting mirror area, and be less
expensive than the present day IACTs of comparable aper-
ture.

To address the CTA IACT challenging instrumentation
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requirements the CTA-US collaboration has put forward
and developed a novel two mirror aplanatic design for
IACT [1, 2], which is based on the Schwarzschild-Couder
optics first invented by Karl Schwarzschild in 1905 as an
exact aplanatic solution of non-linear optics [3]. Comatic
aberrations in this design are corrected near the optical
axis providing a natural solution for a wide field of view
IACT. The secondary mirror of the Schwarzschild-Couder
telescope (SCT) de-magnifies the image making the camera
plate scale a factor of 3-4 more compact than the plate
scale of the traditional Davies-Cotton telescope (DCT).
This important characteristic of the SCT design allows the
construction of the IACT camera based on high density low
cost novel photosensors, such as silicon photomultipliers
(SiPMs), and makes it possible to simultaneously increase
telescope imaging resolution and significantly decreases the
cost per pixel as well as the associated signal processing
electronics.

The CTA-US collaboration plans to extend the CTA
base-line design with a sub-array of SCTs to improve CTA
sensitivity by a factor ¿2 and improve the observatory
angular resolution by a factor ¿1.5. To this goal a consortium
of CTA-US and international CTA partners from Germany
and Japan was formed to construct a prototype SCT (pSCT)
with an aperture of 9.5-m, field of view of 8 degrees, and
camera imaging pixel size of 0.07 degree and to demonstrate
its capabilities as a medium-size IACT for CTA. The pSCT
is currently under development and will be built at the Fred
Lawrence Whipple Observatory in Arizona during the 2014-
2015 period as a Major Research Instrumentation (MRI)
project funded by the US National Science Foundation. This
paper reports on the status of the pSCT design development
and prototyping for the pSCT mechanical structure, optical
system, and camera.

2 pSCT Mechanical Structure
The progress made with the development of the pSCT
mechanical structure will be described. Shown in figure 1
and 2

3 pSCT Optical System
The progress made with the development of the pSCT
optical system will be described. Shown in figure 3 and 4

4 pSCT Camera
The progress made with the development of the pSCT
camera will be described. Shown in figure 5.

5 Summary
During the first year of the development of the pSCT, the
conceptual design of its main sub-systems (mechanical
structure, optical system, and camera) has been defined and
several critical elements of these sub-systems prototyped.
These include but are not limited to the telescope position-
ing system (DESY prototype), fabrication technology for
the primary mirror panels, mirror panels mounting scheme
and panel-to-panel alignment system, camera front end elec-
tronics module, camera backplane motherboard. The con-
struction of the pSCT is expected to start in the summer of
2014 at the Fred Lawrence Whipple Observatory in south-

Fig. 1: One of the pSCT mechanical design concepts cur-
rently under consideration. The optical support structure
of the pSCT is integrated with the telescope positioning
system of the CTA medium-size DCT developed by DESY,
Germany.

Fig. 2: The prototype medium-size DCT developed and
constructed by DESY near Berlin, Germany in the spring
of 2013.

ern Arizona, which is the location of the VERITAS obser-
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Fig. 3: Schematic view of pSCT optical system

Fig. 4: pSCT optical system parameters

	  

Fig. 5: Schematic view of pSCT camera assembly

vatory. The pSCT will be installed on the existing pad of
the former VERITAS prototype telescope and will be inte-
grated with the VERITAS array for operation. The commis-
sioning phase of the project will be completed by the fall of

2015.
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