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Abstract: The Cherenkov Telescope Array is the next generation ground-based instrument for the observation of very-
high-energy gamma-rays. It will provide an order of magnitude more sensitivity and better angular and energy resolution
than present systems as well as an increased energy range. For the high energy portion of this range, the construction
of ∼ 6m diameter Cherenkov telescopes is an option under study. We have proposed an innovative design of a Davies-
Cotton mount for such a telescope, within Cherenkov Telescope Array specifications, and evaluated its mechanical and
optical performance. The mount is a reticulated-type structure with steel tubes and tensioned wires. It consists of three
main parts to be assembled on site. In this work we focus on the study of the point-spread-function of collected light for
different mirror facet sizes and telescope positions, related to mount deformations.
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1 Introduction

After the great success of very-high-energy gamma-ray ob-
servatories like HESS, MAGIC and VERITAS, the interna-
tional scientific community is organizing the next genera-
tion of ground-based instruments, the Cherenkov Telescope
Array (CTA). With sensitivity an order of magnitude better
than present systems and improved angular and energy res-
olution, the CTA will cover the full sky by constructing two
observatories, one in each hemisphere [1]. The southern
observatory will cover most galactic sources, so it will be
optimized to be fully sensitive in an extended energy range
(20GeV to 100TeV ). To span so large an energy range,
three different sizes of Cherenkov telescope will be con-
structed. The small size telescopes (SSTs) will be used to
cover a large area (≈ 10km2) and detect the highest energy
gamma rays. Two types of optical systems are being con-
sidered for the SST, Schwarzschild-Couder (SC) [2] and
Davies-Cotton (DC) [3]. The first of these, with primary
and secondary mirrors, has short focal length and hence a
reduced plate scale which translates into a small camera.
The DC design has a simpler structure and mirrors and is
proven as it is the type telescope used by present experi-
ments. Based on the past experience and Monte Carlo sim-
ulations, CTA has specified parameters for the SST. The
DC option should have a 6 − 7m diameter tessellated re-
flecting surface (dish). The dish will be an array of hexag-

onal facets with three mounting points, two of them with
actuators to align the mirror. The detector at the focal plane
is an array of 1400 photomultipliers, each of 0.25◦ angular
diameter, at a focal distance f ≈ 11m, covering a f.o.v. of
8− 10◦. The Point Spread Function (PSF) for the SST has
to be less than the angular size of the camera pixel. Here
the definition of the PSF is taken to be the diameter of a cir-
cle containing 80% of the collected light at the focal plane
(herein denoted D80).
We have proposed an innovative design of Davies-Cotton
mount for the SST of CTA and evaluated its mechanical
and optical performance. In this work we focus on the
study of D80 for different mirror facet sizes and telescope
conditions, related to mount deformations.

2 Mechanical design

In addition to the optical parameters mentioned above,
CTA has established mechanical specifications for the SST,
some of which are summarized in Table 1.
The SST mirror facet size is not yet specified. To re-
duce maintenance, it is desired that all telescope types in
CTA have the same facet size, which was originally set
to 120 cm (L in figure 2). With this condition, we have
designed a DC mount for a D = 6m dish, as shown in
the same figure. The optical system has a focal length
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Figure 1: Telescope structure. Left: general artistic view. Right: Three main parts to be assembled in situ: the azimuth
structure (left), the elevation structure (center) and the mirror structure (right).

Parameter Condition
Eigen frequencies > 2.5Hz
Positioning speed, azimuth 180◦/min
Positioning speed, elevation 90◦/min
Acceleration, azimuth > 1◦/sec2

Acceleration, elevation > 0.5◦/sec2

Tracking precision < 6arcmin
Pointing precision < 10arcsec
Temperature range, operational −10◦C, 30◦C
Temperature range, survival −15◦C, 60◦C
Wind speed, operational < 50km/h
Wind speed, emergency < 100km/h
Wind speed, survival < 180km/h

Table 1: Some mechanical specifications for the SST. Un-
der emergency wind speed, the telescope has to be able to
go to the parking position. In this position, the structure
should resist the survival wind speed.

of 10.8m, resulting in an f/d ∼ 1.8. The mount is a
reticulated-type structure with steel tubes and tensioned
wires. It consists of three main parts, as shown in figure
1, to be assembled on site. For simplicity, truss tubes are
reduced to 4 different cross section sizes. Shafts are de-
signed to reduce costs and achieve a first natural frequency
of 3.3Hz (second natural frequency = 4Hz). Buckling
analysis was carried out and compared with analytical cal-
culations, proving the mount to have a good safety margin.
Elevation and azimuth double drive systems were adopted
to improve structure movements and better support wind
moments. Servomotors in all shafts give constant torque
at low speed. The total weight of the mount is ≈ 15 tons,
without the camera (1600 kg).

3 Aberrations

Optical aberration is measured as the dispersion of photons
collected at the focal plane. We have performed the anal-
ysis in three steps and studied aberrations for our standard
design, then for two other alternative dishes with smaller

facets, and finally adding mechanical deformations of the
structure.

3.1 Standard design

The reflecting surface of our standard design has 18 hexag-
onal facet mirrors (the central mirror is not used) of L =
120 cm, mounted on a spherical structure with radius of
curvature R = 10.8m, i.e. equal to the focal length. Each
facet is a spherical mirror with radius 2R, following the DC
design [3]. In our coordinate system the center of the dish
is placed at the point (0,0,-R), i.e. the origin is at the center
of the focal plane (camera), z is the optical axis, x is par-
allel to the Earth’s surface, and y is perpendicular to both,
as shown in figure 2. The direction of any incident photon
is defined by two angles relatively to the z-axis: φx in the
x−z plane (azimuth) and φy in the y−z plane (elevation).
We describe the reflected photon using the angles ξ and η.
Thus, the incident and reflected photons are characterized
by (φx, φy) and (ξ, η), respectively.
Given the incidence of a parallel photon beam on the dish,
a non-pointlike distribution of reflected photons is formed
at the focal plane due to system aberrations. To charac-
terize this distribution we used MC ray-tracing code for
106 photons homogeneously distributed over the dish. An
example of such a distribution is shown in figure 3, for
our standard dish and for a rather extreme angle of inci-
dence, (φx, φy) = (0◦, 5◦). In the same figure, the distri-
bution on the elevation axis is shown, indicating the strong
concentration of reflected photons at the specular position
(η = −5◦). The shape of the distribution is typical for a
DC telescope.
The definition of D80 given above is not unique. The most
intuitive interpretation would be to take the point defined
by the mean values of the focal-plane photon-distribution
(< ξ >,< η >), and increase the radius of a circle cen-
tered at that position until it encloses 80% of the photons
(Dμ

80). Another option would be to take the median as the
circle center (Dmed

80 ). The smallest possible values of D80
are obtained by choosing the position of the circle in the
focal plane that minimizes its diameter. We call this the
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Figure 2: Front view of the standard mirror dish: 18 hexag-
onal 120 cm facets (the central facet is never used). Mirror
facet is defined by its flat-to-flat edge distance (L). D is
defined as the “dish diameter”. The plane x − y of the co-
ordinate system is indicated.

Figure 3: Simulated distribution of collected photons at the
focal plane using the dish of figure 2, for an angle of inci-
dence of 5◦ on the elevation axis. Right: bidimensional
distribution with D80 computed for a circle centered at
the median (blue-dashed), mean (red-doted) or optimized
(black-solid). Left: projection on the elevation axis.

“optimized D80”, or simply D80. In figure 3 we show all
three cases for a particular distribution, and in figure 4 their
dependence on the incidence angle. We performed this for
incidence angles on different planes, φx and φy , which are
not exactly the same as the dish shape is not symmetrical,
being worst for φx = 0 and varying φy .
By inspecting the circles in figure 3 it is clear that Dmed

80 is
not the right way to define D80. The other two, however,

Figure 4: D80 as a function of incidence angle, φ (φx or
φy). Dmed

80 : centered at the median position;Dμ
80: centered

at the mean position; D80: centered at the optimal position
to minimize D80.

are very similar for all incidence angles, as shown in figure
4, D80 being slightly better than Dμ

80, although the latter
could be taken as a good approximation. In this work we
use D80.

3.2 Dish with smaller facets

In principle, smaller facets produce smaller aberrations. To
test how smaller facets perform we used two other sizes,
L = 90 cm and L = 60 cm. In order to get sizes of the
dish similar to our standard case, we used 37 90 cm facets
(D = 6.3m), and 90 60 cm facets (D = 6.6m). Com-
puting D80 as defined in the previous section and using the
worst incidence angle, i.e. setting φx = 0 and varying φy ,
we found the performance for these two cases, as shown
in figure 5. The curves in this figure indicate that reducing
the facet size improves the performance for incident angles
φy < 2◦, and worsens it for larger incidence angles, while
an improvement is expected for all incidence angles. In-
deed, we note that this is not a direct effect but one caused
by the fact that dish diameters increase for smaller facet
sizes. To show this effect we recalculated the performance
for a facet size of L = 60 cm, removing the external ring
of mirrors from the dish, resulting in D = 5.4m. This
last curve is also shown in figure 5 and indicates a signif-
icant improvement relatively to the case L = 60 cm and
D = 6.6m. In any case, the value of D80 is always below
pixel size (0.25◦) for the maximum required field of view
(10◦) and, consequently, within specifications.
To keep a similar mechanical design for all cases, we have
considered only dishes with hexagonal shape as shown in
figure 2. Other shapes will be considered in the future to
ensure the dish is as circular as possible. This is rather
difficult for big facets but possible for small ones.
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Figure 5: D80 as a function of the worst incidence angle,
φy , for different facet sizes (L) and dish diameters (D).

3.3 Including mechanical deformations

Telescope mount deformations cause facet mirrors to
change their designed pointing direction and, consequently,
to change the focal plane photon distribution. Here we do
not consider mirror deformation or mirror roughness, only
mechanical structure deformations. This translates into a
calculation of displacements of the positions of the facet
mounting points relatively to their ideal positions.
We have calculated the optical aberration of the worst pos-
sible case for our standard dish, by estimating D80 as de-
scribed above. The worst possible case means under ex-
treme wind speed conditions considered for telescope oper-
ation, i.e. 50 km/h, hitting from the most disadvantageous
angle on the structure. We have also taken the worst case
for photon incidence angles (φx = 0, varying φy). Grav-
ity causes structure deformations to depend on elevation
angle, so we have computed the system performance as a
function of telescope elevation. In figure 6 we show D80
under these conditions for elevations 0◦ to 90◦, in steps of
10◦. No significant degradation of the optical performance
is seen due to mechanical deformation of our mount design,
for our standard dish.
Even for the worst case of telescope operation, figure 6
shows that elevation angle is not relevant for the telescope
optical performance. For the largest field of view under
consideration for the SST (10◦), the deterioration of the op-
tical performance due to mechanical deformations remains
within 3.5%. This suggests that our mount design might be
too rigid. Relaxing the mechanical tolerances could make
the structure cheaper and still have resut in deformations
that are within specifications.

4 Summary

We have proposed a design of a Davies-Cotton mount for
the SST of CTA, and have evaluated the optical perfor-

Figure 6: D80 as a function of the incidence angle, φy, at
different telescope elevation angles, considering structure
deformations. It is done for our standard dish (L = 120 cm
and D = 6m) under the worst operational conditions.

mance related to mount deformations. For our standard
dish (L = 120 cm, and D = 6m) mechanical deforma-
tions do not significantly change the optical performance,
variations in the PSF are below 3.5%. This conclusion ap-
plies for the worst possible case of telescope operation and
for any telescope elevation angle.
We have studied the influence of facet size on the optical
performance of our SST design by evaluating D80, the di-
ameter of the smallest circle containing 80% of the photons
at the focal plane. For small facet sizes an improvement is
seen for incidence angles <2◦. For angles larger than this,
we found a degradation of D80 for small size facets, re-
flecting the fact that dish diameters are not the same for
all cases we considered (L = 120 cm; 90 cm; 60 cm). At
these large incidence angles, the telescope’s optical perfor-
mance is determined more by the dish diameter than facet
size.
We have only considered dishes with hexagonal shape.
Evaluation of other facet arrays is under consideration to
get a more circular dish, which is rather difficult for large
facet sizes. For this, the mechanical design would have to
be adapted.
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