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ABSTRACT   
In the context of ADONI, the newly constituted laboratory for INAF Adaptive Optics activities, it is foreseen to set-up a 
facility accessible to the Italian and international AO community, with the purpose of facilitating the testing of critical 
sub-systems or components (which may be part of instruments under construction), or prototypes of innovative concepts 
which may require on-sky demonstrations. The 182cm Copernico Telescope located in Asiago (Italy) has been selected 
to be a suitable place to set-up this public facility, where a common optical bench will be made available at the Coudé 
focus to host visiting instrumentation. In this paper we describe the opto-mechanical train to the Coudé focal station to be 
implemented for the laboratory set-up, and we sketch out the foreseen telescope refurbishing activities to implement this 
multi-purpose testing facility dedicated to AO related projects.  
 Keywords: Adaptive Optics, Testing facility, High angular resolution imaging, Copernico Telescope, Asiago 
 

1. INTRODUCTION  
ADONI (ADaptive Optics National laboratory of Italy) laboratory has been proposed in 2012 to better coordinate the 
activities in the field of Adaptive Optics (AO), gathering the INAF (Istituto Nazionale di Astrofisica) AO know-how to 
provide a larger momentum in the international collaborations and to realize a structure capable of managing large AO 
projects. In April 2015 the activity of ADONI has officially started, with the initial participation of three INAF institutes: 
Arcetri, Padova and Roma Monte Porzio.  
Among INAF-Astronomical Observatory of Padova (OAPd) laboratory activities, the Copernico Telescope[1], the largest 
optical telescope in Italy, characterized by a primary mirror as large as 182 cm, and located in Asiago, has been selected 
to be a suitable facility for on-sky testing demonstrations. In fact, it is a Cassegrain Telescope with a design that allows 
the possibility to redirect the light toward a Coudé focus, by rotating the tertiary mirror. The Copernico telescope 
requires to be refurbished in order to implement the Coudé optical train (initially foreseen but never implemented and 
used till today) and the laboratory may be properly set-up to host a gravity-invariant optical bench on which visiting 
multi-purpose instrumentation will be accommodated and where the testing activities will be conducted.   
This paper gives an overview of the activities carried on for the implementation of the foreseen public facility, describing 
characteristics and specifications of the hosting structure and the planned refurbishment activities that will allow to 
operate at the telescope’s Coudé focus. The opto-mechanical design for the implementation of this focus, its integration 
within the existing structure and the characteristics of the laboratory are described, together with possible potential on-
sky testing examples. 
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2. THE COPERNICO TELESCOPE
The Copernico Telescope[1], shown in Figure 1, has an equatorial mount and a classic Cassegrain design with equivalent 
focal number f/9, two Nasmyth foci and a Coudé focus. It is operated by INAF OAPd and located in the Asiago plateau, 
north-east of Italy, about one hundred km from Padova, at an altitude of 1366 m (Mt. Ekar, 11°34′08.42′′ E, 
45°50′54.52′′ N). This site is characterized by a continental climate, with dry winters and rainy springs. Summer time 
(starting from August) is on average favorable for observations. The seeing is quite variable during the year, with an 
average ∼ 2′′, but nights with seeing around 1′′ are frequently registered[2]. 

Figure 1. The Copernico Telescope of the INAF-Astronomical Observatory of Padova (OAPd) is located in Asiago and is 
currently the largest optical telescope in Italy. 

A low resolution spectrograph and imager (AFOSC, Asiago Faint Object Spectrograph and Camera) and a high 
resolution spectrograph (Echelle) are available to be mounted at the telescope. The two instruments are complementary 
for spectral resolution and are therefore mounted in turn at the telescope following the moon cycle (AFOSC being 
usually available during grey and dark time). Aqueye (Asiago Quantum Eye), an ultrafast photon counter, is also 
frequently used. 
Call for observations is opened every 2 years and a limited number of Large Programs are awarded with observing time. 
Currently, the on-going Large Programs carried on are the following:  

 AFOSC: search for transit timing variations of exoplanets (joint coll. With Harps-N@TNG), spectroscopic
observation of white dwarfs (joint coll. with WEAVE@WHT), supernovae classification and follow-up (joint
coll. with international groups, using other telescopes such as NTT, TNG, NOT), the monitoring of Blazar and
AGN.

 Echelle: long standing monitoring of symbiotic stars and novae and spectroscopic binary stars, the follow-up of
active and binary stars (joint coll. with RAVE, GALAH, Gaia), and Aqueye (Asiago Quantum Eye, ultrafast
photon counter).

 Aqueye: phase coherent multi-color and multi-polarization optical timing of pulsars, the follow-up of optical
transients, lunar occultations.
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3. THE TESTING FACILITY
The foreseen testing facility will be located at the Coudé focal station, at a lower level from the dome, next to the control 
room. It will be physically separated from this in order to realize a light tight room that is planned to be also thermally 
insulated from the surrounding environment. This focal station is characterized by being gravity invariant, which 
represents a great advantage when arranging for a facility open to test technologies: in fact experiments can be arranged 
by simply mounting the visiting instrumentation on a workbench.  
3.1  On-sky possible applications 
With the aim of setting up an enclosure in which an optical bench will allow experimental on-sky testing, this facility 
will be of particular interest for experiments in high angular resolution imaging, but is also profitable to other areas. 
Possible examples of cost effectiveness of such a facility include, but are not limited to, the very fast implementation of 
novel concepts of wavefront sensing, the comparison of different kinds or concepts of wavefront sensors, the 
implementation of new techniques in high angular resolution imaging like lucky imaging, speckle interferometry with 
phase retrieval, the adoption of specialized pupil planes aperture (like the double opening of LBT or the multiple 
apertures of GMT) and superresolution approaches.  
Although not primarily intended for such a use, this facility could also host experiments in novel kind of low resolution 
spectrograph using – for instance - volume phase holographic devices. In connection with a working AO system or with 
a severe pupil stop, it can also be used to experiment on sky different approaches of coronagraphic techniques. 
We also point out that such a facility may be used to host a permanent AO demonstrator system, which may serve both 
as an experimental setup and as a training system for young researchers approaching the AO community, being 
education and training of young astronomers also among the main tasks and interests of the newly constituted ADONI 
laboratory. 
3.2 Existing laboratories for on-sky testing 
Among the existing laboratories that have access to on-sky testing, we recall GHRIL[3], the Ground-Based High-
Resolution Imaging Laboratory, on the 4.2m William Herschel Telescope (WHT) in the Observatorio del Roque de los 
Muchachos, La Palma. GHRIL is a facility that presents an enclosure with an optical bench allowing access to one of its 
Nasmyth foci. They propose an arrangement that allows experiments to be carried out without the necessity to engineer 
support structures, experiments are simply mounted on the optical bench. The GHRIL laboratory consists of a cabin 
measuring approximately 3.5×3.5 m, into which the WHT f/11 beam can be directed, and a room for control of the 
telescope and the equipment in the laboratory. The laboratory includes an optical table and compatible optical 
components. This facility can be used to set up special equipment or optical experiments for relatively short periods of 
time. For instance, the Pseudo Infinite Guide Star (PIGS) (see [4]) experiment related to the implementation of a novel 
concept of wavefront sensing, was directly verified on-sky at the WHT. Once proved its functionality in a laboratory 
experiment, the entire sensor was then tested under more realistic conditions on sky. 
Other examples of on-sky testing of specialized instrument setups, e.g. for instruments requiring mechanical stability, 
and related facilities are outlined hereafter. A public facility for direct demonstrations on-sky is the Visitor Focus at VLT 
that permits innovative observations by instrument teams using their own stand-alone instruments. In this way, the 
Visitor Focus can provide a powerful scientific or technical test-bench for new instrumental concepts. The 
implementation of techniques in high angular resolution imaging has been tested here, as for the APE experiment[5], for 
example. APE was used by ESO to gain experience in controlling segmented primary mirrors in preparation for E-ELT, 
the experiment tested various phasing techniques and explored their advantages and limitations. The technique was 
previously tested in laboratory and then installed at the VLT visitor focus on the Nasmyth platform for on-sky 
demonstration. Further on, the MAD (Multi-Conjugate Adaptive Optics Demonstrator) was hosted at the Nasmyth 
platform of the VLT for on-sky testing in order to evaluate the feasibility of MCAO (Multi-Conjugate Adaptive Optics) 
on-sky, and its related techniques (see [6, 7]). Testing the adoption of specialized pupil planes aperture to be 
implemented in telescopes of new generation is another example of possible experimental set-up. Interferometric 
imaging for the LBT testing, in fact, was carried on at the 1.5 m TIRGO IR telescope, to simulate the pupil of the LBT 
telescope in order to record realistic LBT-like data (see [8]). 
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4. COUDE’ FOCUS SPECIFICATIONS AND REFURBISHMENT 
The Copernico Telescope’s design originally included the opto-mechanical train to the Coudé focal station, but, as 
mentioned above, has never been implemented. With the intention of allowing for operations at this focus, an opto-
mechanical system has been newly designed. In principle, it could be possible to substitute the secondary mirror to reach 
directly the Coudé focus only by means of flat mirrors, but, being the telescope used currently by other two instruments, 
it is more convenient to implement an independent optical train and leave untouched the existing structure as far as 
possible. The opto-mechanical train is designed in such a way that it is very simple to switch between the different focal 
planes and redirect the light towards the Coudé focus. In the following we describe the opto-mechanical design and the 
refurbishment activities that are carried on. The Coudé focus specifications are reported in Table 1. 
 

Table 1.  Optical specifications  
Specifications 

Telescope diameter [mm] 1820 
Coudé F/# 20 
Plate scale [arcsec/mm] 5.667 
Radial FoV [arcmin] 1.2 
Wavelength range [nm] Visible (400 - 1000) 

 
4.1  Optical design 
The optical design from ZEMAX analysis in Figure 2 shows that the optical train, consisting of seven optical 
components, three achromatic doublets and four folding mirrors, allows to arrive to the Coudé focus with an f/20 beam, a 
scale of 5.667 arcsec/mm and 1.2 arcmin of radial FoV. The main characteristics of the set of optical components are 
summarized in Table 2 ; basically all components are commercial lenses and mirrors. 
 

 
Figure 2. Optical design from Zemax software showing the optical train to the Coudé focus composed of seven optical 
components: three achromatic doublets (L1, L2, L3) and four folding mirrors (Fold1, 2, 3, 4) that redirect the beam.  

 
While the three lenses (L1, L2, L3) and the first three fold mirrors (Fold 1, 2, 3) are integrated within the telescope’s fork 
structure, the last mirror (Fold 4) is used to fold the beam on top of the optical table. The main characteristic of the 
design is the beam telecentricity, giving a great versatility to the testing facility, allowing for a large range of optical set-
ups to be arranged for experimental testing.  
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Table 2.  Coudé’s optical train component’s specifications  
Optical 

components 
F  

(mm) 
Clear Aperture  

(mm) 
Phys. Aperture  

(mm) 
L1 400 73.5 75 
L2 2000 135 150 
L3 1000 135 150 

Fold 1 - 65 100 
Fold 2 - 148 200 
Fold 3 - 148 200 
Fold 4 - 65 100 

 
The polychromatic encircled energy is shown in Figure 3. For the on-axis field, the 80% encircled energy radius is 0.25 
arcsec (left) and for the 1.2’ radial field 0.3 arcsec (right). The Strehl ratio for the polychromatic PSF results in SR~70% 
for on axis and SR~10% at 1.2’. The optical quality of the spot dimension on the entire field of view is always lower 
than the expected dimension of the seeing disk. 
 
4.2 Mechanical design 
The design of the opto-mechanical train to the Coudé focus envisages to pass through the Nasmyth 2 side and then along 
the fork of the telescope, as shown in Figure 4, down to the Coudé focus located at a lower level.   
The two Nasmyth focal stations are fed by the same secondary mirror (M2), and they can be selected by the motion of 
the tertiary flat mirror (M3). By switching M3 in order to send the beam towards the Nasmyth 2 side, the light will then 
be relayed through the fork of the telescope and directed all the way down to the Coudé focus via the three fold mirrors 
Fold1, Fold2 and Fold3. 

 
Figure 3. Polychromatic encircled energy: on-axis (left) and at 1.2’ radial field (right). 
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Figure 4. Schematic drawing of the opto-mechanical train (passing through the inner part of the Copernico’s telescope fork 
arm) showing the positions where optical elements will be installed. Three achromatic doublets (L1, L2, L3) and three fold 
mirrors (Fold1, Fold2, Fold3) carry the beam down to the focus. 

 
The mounts for lenses and mirrors are mostly commercial, only L3 requires a customized support to be designed, being 
outside the telescope’s structure. The optical components integrated along the fork will be assembled together with their 
mounts in three different structures and bounded to supports made of the same material of the telescope’s structure, steel, 
to minimize differential thermal expansion. These supports will then be fixed to preexisting interfaces in the interior of 
the fork, simplifying in this way the integration of all the components. The first assembly – consisting of lens L1 and 
mirror Fold1 - is designed to be in correspondence of the Nasmyth 2 platform, just outside the fork and supported on a 
separate external structure in order to have a good accessibility during integration. In Figure 5 it is shown a possible 
opto-mechanical design for these first two optical components. The second assembly – consisting of mirror Fold2, lens 
L2, mirror Fold3 – is kept together by a structure bounded to the internal part of the fork, where connecting flanges are 
already present. The third and last optical assembly – consisting of lens L3 – is supported by an external structure, 
custom designed, that will be attached to the end side of the telescope polar axis. All the supports remaining outside the 
fork will have covers that will be constructed to protect the components.  
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Figure 5. Design of the achromatic doublet L1 and Fold 1 mirror, in correspondence of the Nasmyth arm.  

 
Before integrating the optical train in the overall system, some preliminary experiments on opto-mechanical components, 
i.e. lenses, mirrors, and mounts, will be conducted in laboratory to test the reliability and repeatability of the 
performance. For instance, all the components will follow the telescope’s movements and will be subject to gravitational 
forces: flexure tests will be made to verify stability and alignment.   
 

5. COUDE’ LABORATORY 
The testing facility is enclosed in an optical laboratory situated at the Coudé focus of the Copernico Telescope. This area 
is located below the dome floor and next to the control room, thus the necessity of creating a dedicated area. Being along 
the path to the control room, mandatory requirements are safe space, easy access and free passage for personnel. The 
laboratory, that is meant to be a light-tight room, will be thermally insulated from the surrounding rooms.   
The final arrangement is designed around the constraint of locating the optical workbench referenced to the Coudé 
optical axis, so that visiting instruments can be housed and experiments conducted. The facility offers a large optical 
table, 2100 x 1200 mm and has a 25 mm rectangular grid of tapped (M6) holes, on which users can set up their own 
instruments. In Figure 6 a sketch of what the laboratory will look like is shown. The optical axis exiting from the 
telescope’s structure is deviated by a folding mirror (Fold 4) that allows the focus to fall on the optical bench with a f/20 
telecentric beam. 

6. CONCLUSIONS  
The foreseen ground-based Laboratory at the Copernico Telescope aims at being a public facility integrated at its Coudé 
focus, where it will be available a large workbench on which users from national & international community can get 
access by applying for dedicated time, and can easily set up their own instruments. Meant to be a common-user 
infrastructure aimed at high-resolution imaging testing and for the exploitation of adaptive-optics (AO) technologies, 
also other programs may benefit as well.  
The testing facility is currently under development in the framework of the ADONI laboratories: the implementation of 
the newly designed opto-mechanical train and of the laboratory set-up is in progress. The facility is planned to be 
available by the beginning of 2017, following stability tests and assembly and integration phases. 
This facility has the advantage of being flexibly scheduled: in nights when the telescope is available for experimental 
instrumentation, with just a simple rotation of the tertiary mirror, it is possible to select the Coudé focal station. The 
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Coudé optical relay is designed to provide a telecentric beam, which is very versatile, thus allowing to host a variety of 
experimental technologies. In this way, visiting instruments can be easily accommodated on the workbench and become 
ready to use. 
 

 
Figure 6. Sketch of the optical room at the Coudé focus. The beam is deviated by a folding mirror so that the focus of the 
f/20 beam falls on the optical bench.  
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