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ABSTRACT
The VLT Survey Telescope (VST) has started the scientific operations on the ESO Paranal observatory after a successful
commissioning period. It is currently the largest telescope in the world specially designed for surveying the sky in visible
light. The VST is dedicated to survey programmes, supporting the VLT with wide-angle imaging by detecting and precharacterising sources, which the VLT Unit Telescopes can then observe further.
Keywords: Telescope, Commissioning

1. INTRODUCTION
The VST [1] (PI: M. Capaccioli) is a wide-field optical imaging telescope with a 2.6-metre aperture, operating from the
ultraviolet to the near-infrared (z’-band) with a corrected field of view of 1°×1° (Figure 1). The telescope is equipped
with an active optics system based on a Shack-Hartmann wavefront sensor. Conceived for the superb environment of the
Paranal Observatory (Chile), it features an f/5.5 optical layout, with two mirrors and a field corrector composed by two
lenses in the telescope and the dewar window acting as a third lens inside the instrument, an active primary mirror, a
hexapod driven secondary mirror, and an alt-azimuthal mounting. Further details on the VST subsystems are discussed in
a set of papers that are listed here in the references [2]-[30].
Its focal plane instrument, OmegaCAM [31] (Figure 2 shows the telescope from the instrument side), is a large format
(16k×16k pixels) CCD camera contributed by the OmegaCAM consortium (Netherlands, Germany, Italy, ESO),
composed by a mosaic of 32 2Kx4K scientific CCDs arranged in a 8x4 matrix (Figure 2). The camera provides an
alternative curvature wavefront sensor and guiding system based on four additional CCDs at the outer edge of the
mosaic, that are outside the scope of this paper.
For a single country as Italy, the VST is a remarkable telescope project. The telescope is the result of a commitment with
one of the most demanding international organizations for astronomy research (ESO). The most notable features are here
highlighted.
•

At the date of start of the operations, it is the largest telescope in the world specially designed for surveying the
sky in visible light.

•

It is hosted in the most productive astronomical observatory of the world, according to 2011 statistics [32].

•

It is the only telescope not directly designed and built by ESO, together with the Britannic VISTA, which
operates in the outstanding ESO Paranal observatory (Figure 3), where the exceptional quality of the site
generates the tightest requirements for the telescopes. Therefore the VST performances daily compares with the
ground-based telescopes which are considered the best in the world.
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Figure 1. VST within the enclosure in Paranal (credits: G. Huedepohl, ESO)
•

It is the largest instrumental project ever carried out by Italian astronomy for ESO.

•

It is the first medium-large active optics telescope completely designed from scratch in Italy, i.e. not partially
based on replicas of other telescopes.

The VST has officially started the scientific operations in Paranal in October 2011.

2. PROJECT HISTORY
The telescope is the result of a joint venture between ESO and the Capodimonte Astronomical Observatory (OAC) in
Naples, formerly an independent institution and since 2002 a structure of the Italian National Institute for Astrophysics
(INAF). The VST project was proposed by INAF-OAC to ESO with the signature of a Memorandum of Understanding.
INAF-OAC committed itself to procure the telescope. In return, INAF-OAC was entitled to receive a proportional share
of the total VST observing time plus a number of nights at one VLT unit telescope (UT). ESO committed itself to
provide the rotating enclosure, to co-operate with INAF-OAC in setting specifications and interfaces of the telescope, to
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procure the transportation of the instrument from Italy to Chile, to secure the proper CCD camera. Moreover ESO took
responsibility for the operation and maintenance of VST for a period of 10 years.
In 2007 the telescope mount and the axes control were considered ready and shipped to Chile, while the active optics and
some other subsystems needed an additional work of redesign and implementation that took about two years. Afterwards
the remaining parts of the telescope were shipped (with a serious damage during the transportation which delayed by one
year the project), and at the end of 2010 the telescope was almost completely reintegrated in Chile.

Figure 2. The VST seen from the instrument side after the installation of the OmegaCAM camera.

3. COMMISSIONING
The commissioning was essentially the transformation of a big piece of iron and glass into a telescope: the telescope had
to demonstrate to be able to work as an integrated system. The relatively small mirror diameter did not simplify things
with respect to the large (8-10-metre) telescopes, it made our life even harder due to lack of space and reduced
accessibility.
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Figure 3. Telescopes on the Paranal platform: VST is on the left of the ESO-built Unit and Auxiliary Telescopes.
(Credits: ESO website).
Nevertheless, the commissioning of VST was planned to take only few months, in parallel with the camera
commissioning. This was an ambitious but not unrealistic goal, because a good preparatory work had been done and
relatively few surprises were expected on the mountain.
Before the start of the commissioning there were some missing details in the telescope integration, but also a great hurry:
the commissioning staff therefore accepted to take care of the missing aspects in parallel to the night work. Although
there were several good reasons to decouple the commissioning of the telescope from the one of its camera, at a certain
stage the two jobs should unavoidably come together, because OmegaCAM needed a working VST to be tuned and vice
versa. The management of this interaction between the teams of OmegaCAM, ESO and VST could become critical, but
the good relationships established between the teams nullified this risk.
Therefore, the first two months of telescope commissioning were done without the scientific camera at the focal plane,
pre-testing the pointing, tracking and active optics system. The desired readiness level was reached on time according to
the schedule, thus giving the green light to the installation of the camera that was performed by the OmegaCAM
consortium, with some support of the VST commissioning team for the electro-mechanical interfaces and the final
balancing of the telescope. The latter is now balanced with a remarkable 3.6 tons counterweight on the top ring, which
fortunately did not detract from good tracking performance. Afterward, the telescope was in its final configuration and
all the systems could be finally tuned and improved wherever it was deemed necessary.
The commissioning plan was strictly followed and completed on time. Nevertheless, at the end of the scheduled
activities, we realized that the image quality of the telescope on the whole field of view could be improved with the
additional work of shimming the rotator flange, discussed below, which took about one week.
The whole telescope commissioning was completed in about 6.5 months of uninterrupted work of the VST staff in the
Atacama desert; the presence of people was planned considering appropriate overlaps, so there was neither a single day
nor a night of stop for the activities.
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4. POINTING AND TRACKING
The telescope has an alt-azimuthal mount and is hosted within a relatively small enclosure to minimize the effects of
dome seeing. Both azimuth and altitude axes are driven by four motors controlled in pairs, applying a constant preload
torque bias that prevent backlash problems at almost zero speeds. The same strategy is applied to the rotator axis, but
using only two motors. The position feedback is provided by high quality glass disc encoders, customized for
astronomical telescopes by Heidenhain GmbH. The velocity feedback is provided by differentiating the encoder signal.
Two nested control loops (position and speed) are implemented in order to provide a high quality pointing and tracking.
The controllers have a variable structure to self-adapt to the different needs during the quite different phases of slewing
and tracking. The tracking axes have a blind tracking error against own encoders of the order of a few x 0.01 arc seconds
RMS, lower than specification.
The activity devoted to the axes control loops was expected to proceed smoothly, because the loops had already been
successfully tuned in Italy in 2006 and we were confident we could do it again. This was the case: no real show-stoppers
were encountered, also for the pointing model and autoguiding, which had never been tested, before going to Chile.
The pointing accuracy is about 1 arc second root-mean square (RMS), with a best score of 0.8 arc seconds. The VST
guiding system with its guide probe enables an image centroid error on the guide probe smaller than 0.1 arc seconds.
Good performance has been measured also during windy nights, with wind speed up to 18 m/s, by closing the ventilation
doors and using the wind-screen.
Therefore, the pointing and tracking system has outperformed the specifications, reaching a level of performance
comparable to the outstanding neighboring telescopes located on the same platform.

5. ACTIVE OPTICS
The active optics system is also essential to achieve an excellent image quality. It is based on the measure of the
wavefront errors due to the telescope itself, performed by a wavefront sensor. The telescope wavefront sensor is a ShackHartmann hosted in the guide probe, that receives the light from a star selected for the image analysis. The exposure
time has to be at least 30s to integrate out the effect of the atmosphere: this is currently achieved at VST with star
magnitude ≈ 12. The image analysis software is designed to subtract the field aberrations, inherent in the optical system.
The OmegaCAM instrument provides an alternative wavefront sensor which can be used instead of the Shack-Hartmann,
that is outside the scope of this paper.
The active optics correction system is based on a primary mirror deformation system and a movable secondary mirror.
The shape of the primary mirror is changed to correct astigmatism, spherical, trefoil and tetrafoil. The system is based on
an active axial support system composed by four rings of 30, 24, 18 and 12 supports. Three supports on the 3rd ring are
fixed during the operations and define the axial plane of the mirror. The lateral support system is purely passive and
based on 24 mechanical astatic levers supports, disposed according to the Schwesinger distribution, which minimizes the
mirror deformations. Three further lateral fixed points prevent any lateral movement. The secondary mirror has to be
moved to recover the perfect alignment of the telescope. The movements are performed through a hexapod parallel robot
in 5 degrees of freedom.
The commissioning of the active optics was an exciting part of the job. That system had been the major concern in the
last years; we had to prove the effectiveness of the new concepts that we had implemented for the primary and secondary
mirror support systems. This was relatively straightforward: after only two nights of work we had successfully converted
the Shack-Hartmann aberration angles into primary and secondary mirror coordinates, and the active optics loop had
been closed: we could already reduce the amount of aberration we saw on the workstation panels. But still the ShackHartmann sensor suffered from static aberrations in the non-common path, that for some modes was dominant with
respect to the real aberrations of the telescope. The measurement was corrupted; but we were able to fix it by software
[30].
Another improvement was also necessary: by design the primary mirror support has no passive system which
automatically compensates for the change of the axial weight. This caused, as expected, incorrect forces on the three
axial fixed points, especially at large zenithal angles, generating trefoil aberration. On the contrary, the other primary
mirror aberration modes proved to be much more stable. In order to be compliant with any operational scheme, we
removed the root cause of trefoil with a background task which makes the system astatic by software.
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Figure 4. PSF anisotropy of an image: the FWHM values are uniform across the wide field of view with rather small
ellipticities. The FWHM measured in parallel by the DIMM was larger (about 1 arc second in this case).
Thus the active optics system became fully operational. The aberration coefficients measured by the Shack-Hartmann are
reduced by the correction system to a negligible level in a couple of iterations.

6. THE ENGINEERING PLANT
A telescope like the VST is not only an astronomical instrument, but also a rather complex engineering plant.
It includes a complex control system based on workstations and real-time computers based on the VME bus and the
VxWorks operating system. About 60 software modules run in parallel on 10 computers to control the whole telescope.
A big number of control loops work simultaneously during the operations.
A Hydrostatic Bearing System supports the telescope and allows for a frictionless azimuth rotation. All the heat sources
are cooled in order to prevent any dome seeing effect. Hundreds of cables carry signals and power to all the subsystems.
The whole telescope is hosted inside a rotating enclosure which is totally decoupled from the telescope to avoid
interference.
Last but not least, the whole system operates in a remote environment (a desert) and shall be extremely reliable and easy
to maintain. All these aspects caused a huge amount of work that has continuously gone on, also during commissioning,
with day activities alternating with night work.

7. ALIGNMENT
The alignment was one the hardest parts of commissioning, because the wide field of a survey telescope imposes much
tighter requirements than in a traditional instrument. We could remove a large amount of off-axis astigmatism by
aligning the secondary with the primary mirror: once we knew the correct measure, the correction was easily
implemented using the hexapod.
It was immediately clear the telescope could perform very well, as during the night of the first light of telescope +
camera the stars in the central part of the images were as sharp as with FWHM = 0.6 arc seconds. But still the telescope
suffered from a focus gradient, and a part of the images was worse.
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Figure 5. VST image of the star-forming region Messier
17 (Credits: ESO/ INAF-VST/OmegaCAM.
Acknowledgement: OmegaCen/Astro-WISE Kapteyn
Institute).

Figure 6. The globular star cluster Omega Centauri
imaged by VST (Credits: ESO/INAF-VST/OmegaCAM.
Acknowledgement: INAF-Capodimonte Astronomical
Observatory).

Indeed, after the installation of the camera, a misalignment between the rotator and the optical axis was clearly detected.
This had negligible effects on about 70% of the image, but caused a degradation on one side of the mosaic, where the
stars were blurred. This problem was solved by shimming the rotator flange, with a lot of mechanical work and some
suspense over the angle of the shims, which was fortunately the right one. This intervention was decisive to deliver a
homogeneous image quality on the whole field of view.

8. TELESCOPE IMAGE QUALITY
The scientific requirements had set the basic image quality specifications and an error budget had been built for all the
individual subsystems [21], considering the most relevant expected error sources. The budget had been taken alive along
the duration of the activities, considering both further analysis and experimental data, as soon as they became available.
The main driver was that the ideal performance for a telescope like VST is to be seeing-limited. This means the
degradation due to imperfections of the instrument itself shall be negligible with respect to the disturbance caused by the
atmospheric turbulence. As the atmospheric turbulence effect is small in the Paranal site, this was an ambitious goal for
the VST, more difficult to achieve than in most of the other sites. Therefore the requirements in the error budget for the
individual subsystems were tight. Nevertheless, insisting in parallel in the continuous optimization of every detail, the
VST has achieved such goal. The telescope is now regularly providing seeing-limited images with FWHM of 0.5 arc
seconds on the whole 1°x1° wide field. The image quality is homogeneous over the whole mosaic as expected by design
(e.g., see Figure 4).
The spectacular images of VST + OmegaCAM, reported by the first ESO press release, are shown in Figure 5 and Figure
6.

9. SCIENTIFIC SURVEYS
The primary function of the VST is to support the VLT by providing both extensive, multi-color imaging surveys and
more specific searches for rare astronomical objects. The VST Public Surveys take most of the telescope observing time.
However, in return of the telescope, INAF was entitled to receive a proportional share of the total VST observing time.
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Figure 7. Sky coverage of the VST public surveys (Credits: ESO website).
ESO and INAF have agreed on the following share for the INAF guaranteed observing time: 10% for the first four years
of telescope life, 15% for following two years, and 20% for the remaining four years. INAF was also granted a number
of hours equivalent to 28 nights at one VLT UT, to be evenly distributed over an interval of ten years and to be used
exclusively for follow-up programmes of INAF-VST surveys.
9.1 Public Surveys
Three surveys have been planned as part of the ESO Public Survey Project, and they are supposed to take several years
to be completed. They are the Kilo-Degree Survey (KIDS), VST ATLAS and the VST Photometric Hα Survey of the
Southern Galactic Plane (VPHAS+), see Figure 7 for their sky coverage. They will focus on a wide range of
astronomical issues, from searching for highly energetic quasars to understanding the nature of dark energy. More
information about the public surveys can be found in [33].
9.2 INAF GTO Surveys
The fraction of the observing time that is reserved for INAF programs in return of the telescope construction is dedicated
to several programs, that are listed below. For more details see [1].
•
•
•
•
•
•
•
•

SUDARE: Supernova diversity and rate evolution - PI: E. Cappellaro (INAF - Padua Observatory)
STEP: The SMC in Time: Evolution of a Prototype interacting late-type dwarf galaxy - PI: V. Ripepi (INAF Capodimonte Observatory)
STREGA@VST: Structure and evolution of the galaxy - PI: M. Marconi (INAF - Capodimonte Observatory)
Extension in the u'-band of the WINGS Survey (Wide field Imaging of Nearby Galaxy clusters Survey) - PI: M.
D'Onofrio (University of Padua)
VST-ACCESS (A Complete CEnsus of Star-formation and nuclear activity in the Shapley supercluster) - PI: P.
Merluzzi (INAF - Capodimonte Observatory)
VOICE: VST optical imaging of the CDFS and ES1 areas - PI: G. Covone & M. Vaccari (Universities of
Naples & of Padua)
VEGAS: VST survey of Elliptical Galaxies in the South hemisphere - PI: M. Capaccioli (University of Naples
Federico II)
A VST-Omegacam survey of Local Group dwarf galaxies - PI: E. Held (INAF - Padua Observatory)
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10. CONCLUSIONS
The VLT Survey Telescope (VST) has been successfully commissioned; it is producing scientific data since October
2011. The telescope has revealed its power providing image quality and resolution beyond expectation.
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