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ABSTRACT   

We present a new testing facility hosted at the Coudé focus of the INAF-Padova Copernico Telescope, a project carried 

on within the ADaptive Optics National Italian laboratories - ADONI. A permanent laboratory for on-sky 

experimentation accessible to the AO community, with the aim of hosting visiting multi-purpose instrumentation that 

may be directly tested on sky. We will give an overview of the activities carried on, describing the refurbishment 

activities at the hosting structure that allowed the opening of the facility: the implementation of the opto-mechanical train 

down to the Coudé focus, and the creation of the laboratory. This facility provides a powerful scientific and technical test 

bench for new instrumental concepts, which may eventually be incorporated later in the next generation ELTs telescopes.   
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1. INTRODUCTION  

Within the ADaptive Optics National Italian Laboratories - ADONI, a new testing facility has been implemented at the 

Coudé focus of the INAF-Padova Copernico Telescope, located in Asiago (Italy) and with a 182 cm primary mirror. The 

testing facility is intended to be a permanent laboratory for on-sky testing accessible to the AO community, with the aim 

of hosting visiting multi-purpose instrumentation that may be directly tested on sky[1, 2].  

We will give an overview of the activities carried on for the realization of the facility, describing the refurbishment 

activities at the hosting structure that allowed to open the telescope’s Coudé focus. On one side, describing the 

refurbishment of the telescope for the implementation of the opto-mechanical train down to the Coudé, this focal station 

was in fact foreseen in the original design but never implemented until today. We will go through the optical and 

mechanical design, procurement and characterization of the components, the integration of opto-mechanics within the 

existing structure, the alignment and the tests carried on for stability and performance verification. On the other side, 

showing the setting-up of a dedicated area suitable to host the laboratory.  

The AO laboratory will allow for experimental on-sky testing where visiting instruments can be housed and experiments 

conducted. This provides a powerful scientific and technical test bench for new instrumental concepts, which may 

eventually be incorporated later in the next generation telescopes. We are currently handling telescopes of the order of 8-

10m, but in the next future we will be dealing with ELTs and newly conceived technologies will be evermore 

widespread, hence the need for experimentation on-sky will allow to gain experience. To mention a few examples, the 

testing of critical sub-systems or components, which may be part of instrumentation under construction, or prototypes of 

innovative concepts, which may require on-sky demonstrations, is the aim of the facility. Of particular interest for on-sky 

experiments in high angular resolution imaging, for the implementation of novel concepts of wavefront sensing, the 

comparison of different kinds or concepts of wavefront sensors, the adoption of specialized pupil planes aperture and any 

new technique to be tested. 
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2. THE COPERNICO TELESCOPE AND ITS COUDE’ FOCUS 

The Copernico telescope, shown in Figure 1, is currently the largest optical telescope in Italy with its 182 cm primary 

mirror of the INAF-Astronomical Observatory of Padova (OAPd). It is a classical Cassegrain with equivalent focal 

number f/9, equatorially mounted, and, other than the primary focus, has two Nasmyth foci and the Coudé focus, which 

has just been implemented.  

The telescope is located in the Asiago plateau, in norther Italy, at an altitude of 1366 m (Mt. Ekar, 11°34′08.42′′ E, 

45°50′54.52′′ N). The site is characterized by a continental climate, with dry winters and rainy springs. The seeing is 

quite variable during the year, with an average ∼ 2′′, but nights with seeing around 1′′ are frequently registered[3]. 

Copernico is currently active and the main instrumentation at the telescope are AFOSC (Asiago Faint Object 

Spectrograph and Camera), a low resolution spectrograph and imager, and Echelle, a high resolution spectrograph: they 

are complementary for spectral resolution and therefore mounted in turn at the telescope following the moon cycle.  

 

 
 

Figure 1. The Copernico telescope located at Cima Ekar, Asiago (VI), Italy, has been refurbished for the implementation of 

the Coudé focal station and the testing facility for on-sky testing.  

 

With the aim of setting up an enclosure hosting an AO facility consisting in a laboratory that will allow for experimental 

on-sky testing and where visiting instruments can be housed and experiments conducted, the telescope underwent 

refurbishment activities to allow its implementation. This consisted in the refurbishment of the telescope for the opening 

of the Coudé focus on one side, and the creation of the laboratory on the other. The new focal station was foreseen in the 

original design, but never implemented, the idea was that of having an exchangeable secondary mirror and by switching 

this and with the aid of only folding mirrors it was foreseen to arrive down to the Coudé focal station[4]. This is not 

feasible today, since the telescope in the current configuration is used by other instrumentation, it would require for 

continuous realignment and compromise the telescope’s performance. A more suitable configuration was that of 

redesigning the optical train down to the new focal station, as will be shown in the present work. The refurbishment 

activities consisted in an initial phase of procurement of the opto-mechanical components, their characterization, 

followed assembly and integration in the structure of the telescope, and finally verification of requirements at the newly 

created AO laboratory. 

 

2.1 Opto-mechanical design 

The new focal station is selected by the insertion of a 45° tertiary mirror that deviates the light coming from the primary 

and then secondary mirror, and redirects the beam towards the Nasmyth focus inside the fork. The optical design that has 

been conceived and implemented starting from the tertiary mirror and down through the fork to the new focal station is 

shown in Figure 2. Consisting in an optical train composed by three folding mirrors (Fold1, Fold2, Fold3) that fold the 
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optical beam down to the Coudé focus and three achromatic doublets (L1, L2, L3): this design allows the beam to be 

refocused, a first time in an intermediate focal plane between L2 and L3, and then in the final focal plane, i.e. the Coudé 

focus, located in the floor below the dome. A fourth folding mirror (Fold4) redirects the beam in order to have the focus 

laying on top of the workbench. Dimension of optics are in a typical range of 100-200mm, as listed in Table 1.  

 

 
 

Figure 2. Optical design of the newly opened Coudé focus. Three achromatic lenses (L1, L2, L3) and four folding mirrors 

(Fold1, Fold2, Fold3, Fold4) focalize the optical beam on top of the workbench in the laboratory located in a dedicated room 

at a lower level from the dome. 

 

Table 1. Optical components specifications for the achromatic lenses and folding mirrors 

Optical component Diameter 

[mm] 

Phys. aperture 

[mm] 

Lens 1 75 400 

Fold 1 76.2 - 

Fold 2 203.2 - 

Lens 2 150 2000 

Fold 3 203.2 - 

Lens 3 150 1000 

Fold 4 100 - 

 

The final transmitted beam has the following characteristics: an F/20 with a maximum radial field of view of 1.2 arcmin 

and a scale of 5.6 arcsec/mm. Specifications are summarized in Table 2. One of the main characteristics is that of the 

beam being telecentric, thus giving the system a versatile configuration that allows for a large range of optical set-ups to 

be arranged for on-sky testing. 

 

Table 2.  Coudé focal plane optical specifications 

Specifications 

Telescope diameter [mm] 1820 

Coudé F/# 20 

Plate scale [arcsec/mm] 5.6 

Radial FoV [arcmin] 1.2 

Wavelength range [nm] Visible (400 - 1000) 
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3. MAIV ACTIVITIES  

The beginning of MAIV phase has seen the procurement of components - optics, mounts, and mechanical supports - and 

their characterization. Since these are integrated inside the structure of the telescope, they are subject to gravitational 

forces within the telescope’s movement, hence they are subject to gravity, this leads to the introduction of possible 

flexures. Analysis of flexures is one of the main issues of this phase, hence a test campaign was conducted to 

characterize the opto-mechanical components. Reliability test pre-assembly were carried on and components were tested 

for an evaluation of the expected flexures: laboratory tests where components underwent maximum forces in all direction 

and gravitational flexures were measured, this led to the determination of an upper limit for the expected flexures. 

Simulations allowed to recover maximum acceptable tolerances for all optics and a worst case for radial displacement in 

the focal plane of 7.6 arcsec. This test campaign allowed to identify critical points and compensate by reinforcing where 

necessary to reduce flexures. 

The opto-mechanical path follows the structure of the telescope passing inside the fork. A key concern for the 

implementations was that these would not change the telescope performance when placing new opto-mechanical 

components. The supports have been designed and implemented to fit as much as possible the pre-existing interfaces 

present inside the structure of the fork, in order also to not modify the performance of the telescope.  

Eventually, by using a laser to define the optical axis, mirrors and lenses have been aligned. The Coudé focal station is 

characterized by being gravity invariant, the redirected beam arriving to this focus passes through all the opto-

mechanical components inside the fork that are instead subject to the telescope’s motion, hence they undergo 

gravitational forces. Measurements of flexures on the newly inserted mechanical supports due to telescope’s movement 

have been taken and a comparison with simulated flexures deriving from the test campaign of the  mounts led to a 

breakdown of components. A check on stability enabled the breakdown of components, hence to the separation of the 

contributions of the flexures due to the mounts and those due to mechanical supports and again, this allowed to 

compensate where necessary to reinforce mechanical supports in order to reduce flexures. Currently, commissioning is 

ongoing, more details on the verification phase will be described in Paragraph 5. 

 

4. THE ADAPTIVE OPTICS TEST BENCH 

The enclosure hosting the laboratory is meant to be a permanent facility at the Coudé focus. This focal station is located 

at a lower floor from the dome, at the same level of the control room, separated from this. The laboratory in 

correspondence of the new Coudé focal station as it looks today is shown in Figure 3. The Coudé room has been 

refurbished for the creation of the testing facility, and this dedicated area has been customized and adapted as AO 

laboratory. The enclosure layout was in fact designed around the constraints of locating the laboratory optical bench on 

the Coudé optical axis.  

The laboratory set-up in the Coudé Room has the following layout, it measures approximately 20 m2, it is enclosed in (a 

light tight) room that can be darkened as needed with dimming lights. A key requirement was stable temperature control 

for the optics room, therefore has been thermally insulated. It contains an optical bench of dimensions 2400x1200mm, on 

which users can set up their own instruments and AO testing are carried on. The beam entering is redirected by a fourth 

folding mirror on the table so the optical axis runs parallel to its long side at a height of about 15 cm. 

 

The transmitted telecentric beam gives versatility to the workbench, ideal for multi-purpose instrumentation. 

Summarizing the specifications, it is an F/20 focus with an unvignetted FoV of 2.4 arcminutes, and an image scale of 5.6 

arcsecs/mm approximately. 

The AO laboratory will be accessible for visiting instrumentation to permit innovative observations by instrument teams 

using their own stand-alone instruments, providing a scientific or technical test bench for new instrumental concepts, 

which may eventually be incorporated later in other instruments. It is gravity invariant, useful for instruments set-ups 

requiring mechanical stability. This facility can be used to set up special equipment or optical experiments for relatively 

short periods of time. 
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Figure 3. The AO laboratory in the Coudé room, designed around the constraints of locating the optical bench on the Coudé 

optical axis, is located in the floor below the dome and next to the control room. 

 

5. COMMISSIONING  

The MAIV activities are currently in the process of verification phase of the opto-mechanical requirements. First 

commissioning tests allowed us to verify the alignment between the newly implemented optical train within the 

telescope’s structure. Specifically, the tertiary mirror of the Copernico telescope was aligned with the newly 

implemented Coudé optical train.  

After first light, pointing observations were made to investigate the various flexures and misalignments in the system. 

Hence, a study has been made for the pointing accuracy of the 182cm telescope’s Coudé focus with the aim of 

developing a pointing model, based on the Tpoint algorithm[5], which can be utilized to ensure better accuracy, to 

improve the telescope’s performance. As a first stage, it was intended to find the pointing errors over a section of the sky 

which is commonly used by observations. A selected sequence of stars spaced about 30 degrees apart in hour angle and 

20 degrees in declination was observed. In this preliminary investigation, 10 stars were chosen to determine the pointing 

errors.  

We further investigated the potential pointing accuracy of the Copernico telescope by making observations of a greater 

number of stars, so, in a second phase, we have measured the pointing errors at different locations of the sky. Towards 

this end, the errors in pointing have been carefully mapped for different locations in the sky, errors were mapped in the 

altitude range 30°-90° and azimuth range 0°-360°, as shown in Figure 4. 
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Figure 4. Map of star positions for pointing model in alt-azimuthal coordinates. 

 

From these errors, a pointing model has been developed which gives the corrections to be applied, during acquisition, to 

the coordinates of an object. These corrections are fed to the telescope control system to enhance pointing accuracy. The 

Coudé focus during operation reached a pointing accuracy of better than 12 arcsec rms in residual dispersion, as shown 

in Figure 5. The resulting pointing model led to an improvement that increased the efficiency of the guide star 

acquisition, however, it is intended in the future to improve the pointing accuracy by covering regions of the sky not 

included in the present study. 

 

 
 

Figure 5. Pointing error rms residual dispersion. 

 

The analysis of the pointing accuracy led to the determination of the parameters involved, though it was not intended to 

quantify the contribution of the single factors involved in the total observed errors at the moment, it is possible that part 

of the observed pointing error is due to the telescope flexure. However, for our purpose of the model accuracy and 

performance of the telescope in the direction of pointing, it is primarily necessary to know the magnitude of the errors 

and corrections to be made, rather than the source of the error. 
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6. CONCLUSIONS 

The AO testing facility for on-sky experimentation described above is intended to be a permanent laboratory located at 

the Coudé focus of the Copernico telescope. Designed around the constraint of locating the optical workbench referenced 

to the Coudé optical axis, so that visiting instruments can be housed and experiments can be conducted. This 

arrangement allows experiments to be carried out by simply mounting systems to be tested on the optical bench. 

Summarizing, this versatile workbench for AO multi-purpose instrumentation allows for an optical beam F/20, with a 

FoV of the order of 2.4 arcmin and a scale of 5.6 arcsec/mm. Due to its telecentricity, the Coudé focus has the advantage 

of having a great versatility, thus allowing for AO multi-purpose visiting instrumentation. The AO facility provides a 

technical test bench for new instrumental concepts, that may require on-sky testing feasibility under realistic conditions, 

which may eventually be incorporated later in the next generation telescopes. 
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