
Ground Layer AO correction for the VLT MUSE project 
N. Hubina, M. Le Louarna, R. Conzelmanna, B. Delabrea, E. Fedrigoa, R. Stuikb 

a European Southern Observatory, Karl Schwarzschild Strasse 2, D.85748 Garching Bei München, 
Germany, 

 b Leiden Observatory, P.O. Box 9513, NL-2300 RA, Leiden, The Netherlands 
 
 

ABSTRACT 
We describe the conceptual design of a multi-LGS based Ground Layer Adaptive Optics system feeding a visible 
Integral Field Spectrograph. We show that this system will be able to provide a factor two improvement in 0.2” 
ensquared energy. A Narrow FOV mode, delivering diffraction limited images at visible wavelengths, will be 
achievable by reconfiguring the four Laser Guide Stars such as to overcome the dramatic cone effect limitation at these 
wavelengths with single LGS. Two concepts are proposed, with and without an adaptive secondary. 

1. INTRODUCTION 
The Adaptive Optics (AO) presented in this paper aims at concentrating the energy of a Point Spread Function over a 
large FOV (1’) for a visible-light integral field spectrograph. This system is designed to feed the Multi Unit 
Spectrographic Explorer (MUSE), a second generation instrument for the European Southern Observatory (ESO) Very 
Large Telescope (VLT) [1].  For this instrument, a trade-off between the spatial and the spectral resolution has been 
made, due to the limited number of available pixels at the scientific focal plane and due to the very faint scientific 
targets intended to be observed. The following top level requirements have been considered for the design of this AO 
system: 
 

- Wide FOV mode: the AO system shall provide a factor 2 improvement of the ensquared energy with a pixel of 
0.2” at 750 nm over 1’ FOV for individual exposure time as long as 1 hour and total integration of ~15 hours. 
In addition large Sky Coverage (SC) was requested by the science case. 

- Narrow FOV mode: the AO system shall provide a strehl ratio of ~10% at 650 nm over a 5-10 “ FOV for 
Paranal median to good seeing conditions 

 
The long individual exposure time needed for the wide FOV mode led us to assume the 70% percentile of Paranal 
atmospheric conditions for the design of the AO [2] corresponding to: 

• Seeing of 1.1” (at 0.5 µm) at zenith angle of 30degrees 
• Anisoplanatism angle of 1.6” (at 0.5 µm) at zenith angle of 30degrees 
• Atmospheric correlation time of 2.6ms (at 0.5 µm) at zenith angle of 30degrees 
• Outer scale of turbulence of 25m has been taken for this design 

 
In addition, MUSE deep field science case does not allow using on-axis Natural bright reference star for the AO to 
avoid light scattering of this bright star all over the useful field. This requirement combined with the high SC and the 
correction in the visible was not compatible with an on-axis Natural Guide Star AO system.   
 
The strong focus anisoplanatism or cone effect combined with the large corrected FOV in the visible was incompatible 
with the performance of a Single Laser Guide Star AO system meeting the requirements. 
 
The bad seeing conditions and the high SC was incompatible with a Ground Layer AO system using Natural Guide 
Stars even with a  “technical” FOV as big as 6 arcmin permitting to co-add many (up to 12) faint natural guide stars in 
one wavefront sensor conjugated to the ground [4]. 
 
Finally the relatively high Strehl required by the Narrow FOV mode did not permit the use of multi- Rayleigh Laser 
Guide Star (LGS) tomography with Ground Layer Deformable mirror 
 
The proposed system is therefore based on a multi Sodium LGS tomography with a Ground Layer deformable Mirror 
called Ground Layer Adaptive Optics (GLAO) in this paper. 



 
More details about this trade-off study, simulations and performance estimates can be found in [2] and [3]. 

2. DESCRIPTION OF THE MUSE GROUND LAYER ADAPTIVE OPTICS SYSTEM 
Two options have been considered for the GLAO design: 
 

• GLAO using an Adaptive Secondary mirror at the VLT: GLAO#1. 
 

• GLAO using a “classical” telescope post-focal relay optics imaging the telescope pupil on the deformable 
mirror: GLAO#2. 

GLAO#1 relies on the feasibility of an Adaptive Secondary mirror for the VLT. This feasibility and conceptual design 
study is being pursued in collaboration with industry and will address a number of critical issues like the robustness of 
the operation, actuator and inter-actuator stroke capabilities needed for AO correction but also for small amplitude 
chopping and jittering, on-sky interaction matrix calibration with sufficient accuracy, interfaces with the VLT, 
feasibility of a large thin shell, etc…The final results of this study will be available 2nd  quarter of 2005. Thus the need 
to have an alternative AO concept for MUSE in case the Adaptive secondary will appear to not be feasible for the VLT.  
 
GLAO#1 and 2 have a number of design commonalities: 
 

1. MUSE is at the Nasmyth focus of one VLT with a back focal distance of 250mm at F/15. 
2. Four Sodium Laser Guide Stars arranged in a square configuration and emitted from four 50 cm laser 

projectors located on the VLT centrepiece ring. The four lasers are emitted toward the centre of the scientific 
FOV such that to avoid Rayleigh scattered light crossing the visible scientific FOV (see Figure 1) and therefore 
limit the light-scattering. Sodium LGS are reconfigurable such that to fulfil both the Wide and the Narrow FOV 
needs 

3. Since the LGS are attached to the primary mirror cell structure, the sodium laser spots rotate like the pupil at 
the Nasmyth focal plane of the VLT. Therefore the 4 WFSs should rotate like the telescope pupil to follow the 
laser images. 

4. Altitude of the LGS reference stars varies with the altitude of the mesospheric sodium atoms altitude and with 
the telescope zenith angle. Assuming a maximum zenith angle of 60 degrees the variation of the telescope-laser 
spot varies from 80 to 180 km. This corresponds respectively to a defocus of 180 and 80 mm at the VLT 
Nasmyth focus (F/15). The LGS WFSs are designed to acquire and track the focus of the corresponding laser 
spots. 

 

  

Figure 1: On-sky LGS configuration for the Wide and Narrow FOV modes 

 
5. In its Wide Field Mode the laser guide stars are located at 60” off-axis in a square configuration (see Figure 1). 

In its Narrow Field Mode the laser guide stars are located at 15” off-axis in a square geometry.   



6. Visible Tip-Tilt Natural Guide star sensor for the Wide Field Mode. This Tip-Tilt NGS will be located after the 
Adaptive Optics focal plane and is expected to have a limiting magnitude around Mv~19. Natural Tip-Tilt star 
will be acquired within a 3’ “technical” FOV allowing a sufficient Sky Coverage FOV but outside the 1’ square 
scientific FOV to limit the light scattering in the scientific FOV. 

7. An on-axis IR tip-tilt Natural Guide Star sensor will be used for the Narrow Field Mode. Light separation will 
be done with a VIS/IR dichroic located after the Adaptive Optics focal plane. 

8. A 128” FOV acquisition camera will be used to acquire the four LGSs and make sure the Laser Spot can be 
acquired by the 4 LGS WFSs. This acquisition camera will be located at the focal plane of the AO system 
before the entrance of MUSE spectrograph. 

9. Two MUSE calibration units are implemented respectively at the entrance focal plane of the AO module and at 
the entrance focal plane of MUSE. 

10. Two AO calibration units are implemented respectively at the entrance of the AO-Module and at the entrance 
of the wavefront sensor unit. 

 
Figure 2 provides an overview of all these different functions. 
 

 

Figure 2: MUSE GLAO #1 and 2; GLAO#1: DM is at M2, GLAO#2: DM is in the AO relay optics 

3. OPTICAL DESIGN OF GLAO#1 
In GLAO#1, the Adaptive secondary will have enough stroke and degrees of freedom to correct for the atmospheric 
seeing (up to 1.5” seeing) including the atmospheric tip-tilt and for VLT field stabilisation. The Corrected F/15 beam is 
sent through the adapter rotator to the focal plane LGS wavefront sensor unit shown in Figure 4. 
 
The wavefront sensor unit consists of 2 plates which have the following functions: 
 
Plate 1 or collecting plate: This plate is a 16.4 m focal length lens on which 4 small flat mirrors are glued at 90° and 
34.92 mm from the optical axis. The collecting plate is rotating like the telescope pupil. The small mirrors are in the 
telescope central obstructions of the laser beams. They collect the focused images of the lasers and send them to the 
wavefront sensors. The plate needs to have a 16.4 m focal length to create a telecentric beam which is required to obtain 
the laser focused on the small mirrors.  
 
Plate 2 or focusing plate: This plate (in the Wide Field Mode) is a Notch mirror transmitting the scientific and the 
technical fields and reflecting the laser light towards the collecting plate. A translation of the plate adjusts the laser 
focus on the flat mirrors of the collecting plate. In the Narrow Field Mode the focusing plate is replaced by another plate 
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consisting of four small mirror periscopes moving the 4 laser spots from 15” to 60” off-axis such that the collecting 
plate remains unchanged (see Figure 5). These periscopes rotate again like the telescope pupil. The laser beams are then 
sent to 4 classical Shack-Hartman wavefront sensors (collimator + micro lenses array + CCD). The small separation 
between the science FoV and the LGS—and therefore the mirrors of the periscope—is required to ensure the 
performance of the AO system: significant degradation in AO performance occurs for a larger separation of the LGS. 
 
Figure 3 provides typical curves measured on similar notch filters used for SINFONI and NAOS. Slightly better 
rejection factor of the laser light might be expected if optimised (not required for the SINFONI application) but special 
care should be taken to the final bandwidth cut in the visible spectrum important for the MUSE spectrograph. Collecting 
plate and wavefront sensors could be attached to the adaptor rotator which is not used by MUSE.  
The Natural Guide Star is collected after the Nasmyth focal plane. The sensor has to be able to acquire and follow the 
rotating guide stars without blocking the scientific FOV.
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Figure 3: Notch transmission (normal incidence) 
   

Figure 4: GLAO#1 LGS WFS
 

 

Figure 5: Focusing plate in the NFOV mode with the 4 LGS at 15” off-axis (LGS at 80 km) 

4. GLAO# 2 OPTICAL DESIGN 
In the GLAO#2 design, the AO relay optics is compatible with the implementation of two deformable mirrors 
(respectively conjugated at 0km and 8 km) and one separate Tip-Tilt mirror. In the following we will not implement the 
second deformable mirror at 8km as the simulations shows the requirements can be met without this second DM. The 
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provision for a second DM might nevertheless be interesting in the optimisation phase to achieve the ultimate 
performance of the Narrow Field Mode. The pupil diameter of 180 mm of the ground layer deformable mirror is rather 
conservative as it assumes 33x33 actuators Deformable Mirror with an actuator spacing of 5.45 mm. We expect to be 
able to reduce this pupil diameter even further the actuator spacing can be reduced to 4.5 to 5 mm keeping the required 
mechanical stroke capability to 8µm. The adopted solution is conceptually similar to GLAO#1. An AO optical relay is 
inserted between the adaptor flange and the Nasmyth focus. The collecting plate and the wavefront sensors have been 
moved outside the telescope beam and are now parallel to the optical bench. They cannot be attached to the adaptor 
flange anymore. 
 
 Just after the adaptor flange (Figure 6) a total reflection prisms (Figure 7), with a pupil transfer lens glued on its 
entrance face, directs the light down through a hole on the optical bench. Figure 8 shows the optical relay after this 
prism.
 

 
Figure 6: GLAO#2 for MUSE at VLT Nasmyth 
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Figure 7: Entrance prism of the AO-Module

 
 

 

Figure 8: GLAO#2 optical conceptual design 

Figure 8 is rotated by 90° with respect to the real arrangement on the platform. The folding mirror (up) and the 8.5 km 
layer conjugate mirror define the vertical axis on the platform. After the optical relay system, operating at magnification 
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one through a 3 lens system, the light reaches the new collecting plate (Figure 9) which is again a lens with a focal 
length of 2.8m. A flat mirror located on the back of the prism is used to locate the focus given by the relay optics at the 
nominal Nasmyth focus. The focusing plate is identical to GLAO#1. The characteristics of this new focus are strictly 
identical to the original one. The 4 wavefront sensors and the collecting plate have to rotate around a vertical axis to 
follow the telescope pupil rotation. The focusing plate is not rotating in the Wide Field Mode and is rotating in the case 
of the Narrow Field Mode. 
 

 

Figure 9: GLAO#2 wavefront sensor conceptual design 

The wavefront sensor (for both GLAO#1 and #2) is a Shack Hartmann with 32x32 subapertures. We expect to use 8x8 
pixels per subaperture (256x256 useful pixels). Depending on the pixel size (50µm or 24µm) the pupil diameter will 
respectively be 13.056 mm or 6.144 mm leading to a magnification factor of respectively 613 and 1302. The 
development of the required 256x256 AO CCD detector has been launched recently by ESO. The pupil re-imaging 
optics can be adapted to the proper pupil size without any problem as soon as the focal plane detector is selected. The 
focal length of the lenslet array is selected to match the required subaperture FOV and pixel scale. The required FOV 
depends on the maximum seeing assumed (here 1.1”FWHM), the laser spot elongation in the SH WFS subaperture 
located at the edge of the pupil opposite to the considered emitted laser beam (?max=? H.Dtel/H2*206265=2”), the laser 
upward beam spot size due to seeing (1.35”FWHM for a seeing of 1.1”. From these values we deduced the required 
FOV for the LGS WFSs:  4” leading to a pixel scale of 0.5”/pixel. Further simulations on the centroid accuracy should 
be performed during phase B to optimise the pixel scale versus the subaperture FOV. 

5. GLAO#1 &2 MECHANICAL DESIGN 
Figure 10 and Figure 11 shows respectively the concept for the opto-mechanical implementation of the GLAO#1 and 
GLAO#2 systems at the VLT Nasmyth. The systems consists of two parts called instrument structure 1 and 2. The AO 
instrument structure 1 is attached to the VLT Adapter rotator. In GLAO#1, the four WFSs are attached to a mechanical 
structure rotating with the adapter and the WFS detectors are mounted via an intermediate housing to the AO structure 
1. 
In GLAO#2, Structure 1 is not rotating and contains the relay optics, the deformable mirror conjugated at the ground, 
the tip-tilt mirror the AO focal plane calibration unit and the provision for a second deformable mirror. The tracking for 
the WFS Detectors is realized internally by a rotation stage. For this unit a cable wrap system, driven by the rotation 
stage has to be implemented to guide the cooling-, power- and data lines for the WFS Detectors. . At the outer side of 
the structure a cable wrap system is integrated. 
 
The Instrument Structure 2 and the implemented subassemblies are similar for both concepts and is a welded framework 
out of standard profiles, providing the interfaces for the AO-functions.  The structure is fixed to the Nasmyth Platform 
via an intermediate structure. To get a better stiffness the structure should be connected at the top side to the telescope. 
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The Focusing Plates, Calibration Plate and the MUSE Calibration Folding Mirror are located close to the Nasmyth 
focus. The NTCCD and the IR Camera, including the pick up mirror unit are located after the Nasmyth focal plane. On 
axis a folding mirror, with a clear aperture for the scientific path redirects the light towards the NGS Guide Camera. 
 

 

Figure 10: Mechanical implementation of GLAO#1 

   

Figure 11: Mechanical implementation of GLAO#2

6. VLT ADAPTIVE SECONDARY AND DEFORMABLE MIRROR REQUIREMENTS 
GLAO#1 assumes the availability of a Deformable Secondary Mirror (DSM) at the VLT [5], [6]. The feasibility and 
conceptual design study, funded by ESO and the European Commission as part of the FP6 program under the 
OPTICON project, is being performed by Microgate-ADS in collaboration with INAF-Arcetri in Italy and will be 
completed in May 2005. A sub-set of the DSM Top Level Requirements, not only driven by MUSE-AO, are listed in 
Table 1. The design of the VLT Adaptive secondary will be based on the concept developed for the MMT [10] and LBT 
[8], [9]. 
 

    

Figure 12: Design of the current M 2 unit; in green the mirror assembly and in red the Tilt/Chopping Stage 



Figure 12 provides the design of the present VLT M2. Both the mirror and tilt/chopping stage will be replaced by the 
DSM. Therefore, the DSM shall be able to provide the tilt and some chopping capabilities of the present M2 when not 
operated in Adaptive Optics mode. 
 

Parameter Specification 
Number of actuators: 1300 actuators 
DM mechanical stroke: 

• Total actuator stroke 
• Total inter-actuator stroke 
• Stroke resolution 

 
±40-50µm P-V including tip-tilt 
1.3 µm P-V (goal 1.5 µm PV) 
5 nm 

Modal response time (for max stroke ± 1µm): 0.5 ms @ 90% command 
Overshoot specs < 10% of command 
1 ms @ 95% command (goal 0.5 ms) 

Act. response time (full stroke): 7 ms @ 90% stroke 
10 ms @ 95 % stroke 

Table 1: VLT Adaptive Secondary Top Level Requirements 

In GLAO#2 the deformable mirror would be a “conventional” Piezo stack deformable mirror with a reduced spacing of 
4.5 to 5 mm with a minimum mechanical stroke of 8 µm. The development of such DM is required also for the so-called 
VLT Planet Finder and will also be funded by ESO and OPTICON. 

7. MULTI-LASER GUIDE STAR REQUIREMENTS 
The major Multi-Laser Guide Star requirements are provided in Table 2: 
 

Description Requirements Remarks 
Number of LGSs 4 CW Sodium LGSs (589 nm)  
Location of emitters Telescope centre piece; converging toward 

FOV 
Rayleigh scattering in vis. science path 

Return flux @ 
Nasmyth 

2.5 106 Na photons/m2/s (goal 5 106) Density of Na 2 1013m2 

Maximum spot size 1.25” FWHM at 45 zenith angle Seeing 0.8” 
LGS pointing precision  1” goal 0.5”  
Jitter control Refresh rate 1kHz, residual <50mas  

Table 2: Top Level Requirments of the Multi-Laser Guide Star for MUSE 

The return flux goal requirements of 5.106 Na Photons/m2/s comes from the NFOV mode of MUSE-AO and is probably 
a challenging objective. Further analysis and compromises may reduce this value to match the available technology at 
that time.z 

8. REAL TIME COMPUTER CONCEPTUAL DESIGN 
In the following we will describe quickly the design for the Real-Time computer design with a dataflow of four times 
32x32 sub-apertures with 6x6 pixels (192x192 pixels). GLAO#1 and #2 are assumed identical in the following since the 
number of WFSs, sub-apertures and actuators are similar. The Real-Time Computer of the MUSE-AO system is based 
on the ESO RTC platform concept described in [7].  
 
In the WFOV mode, we take advantage of the reduced requirements for the final Strehl ratio and the fact that correcting 
for a large field-of-view implies a significant average of the measured slopes. Each WFS detector will be managed by a 
different controller and the output of the detector routed to a different computational board. Each of these boards will 
perform the classical operations of: 
§ data descrambling and conversion from integer to floating point numbers 
§ flat fielding and background subtraction 
§ slope computation and reference subtraction 



 
This parallel process completes in about 100µs. Data are then sent to the reconstruction module. The main design 
decision take place at this point where the slopes computed independently for each sensor are then sent to the same 
back-end computational module where they are averaged and applied to a single small control matrix to project them 
into the mirror voltage space, thus saving a considerable amount of computing power. Considering a deformable mirror 
with 1300 actuators (GLAO#1), we need at least 12 processors (3 boards) to complete the computations in about 180µs. 
The architecture for Wide FOV mode RTC architecture is presented in Figure 13. 
 
As back-end the system features another board to collect all the data plus the information from the tip/tilt sensor to 
implement the controller and to control the deformable mirror. Another board receives all the data from the 
reconstructor to perform statistics. Optionally, it can also receive data from the control module if a PMC extender is 
used to add another link card. Without considering pipelining and considering a communication time of 100µs for each 
hop, the total computational time will be about 500µs. So a frame rate of 700Hz can be achieved with a load of 35% and 
1.0 KHz can be achieved with a load of 50%. 
 
In the NFOV mode we cannot average the slopes directly after their computation and we need to go through the 
complete reconstruction of the wavefront in each of the four sensors. We can do it in a modular way designing the 
system as the pipeline of the same acquisition module as proposed before plus one reconstructor dedicated to each 
sensor. A back-end stage collects the data from the 4 reconstructors to implement the controller. A statistical board is 
also present to compute statistics on the real-time data. To minimize the connections between the various boards a high 
degree of pipelining must be used. The Narrow FOV mode RTC architecture is presented in Figure 14. Without 
considering pipelining and considering a communication time of 100µs for each hop, the total computational time will 
be about 500µs. So a frame rate of 700Hz can be achieved with a load of 35% and 1.0 KHz can be achieved with a load 
of 50%. 
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Figure 13: RTC Architecture for WFOV mode 
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Figure 14: RTC Architecture for the NFOV mode 

 
The complete hardware for both the WFOV and NFOV modes are summarised in the Table 3: 
 

Board WFOV mode NFOV mode 
Quad-G4 9 18 

Link cards 12 31 
Digital I/O 5 5 



LCU 1 2 

Table 3: Real Time Computer Hardware required for the Narrow and Wide FOV modes 

9. PERFORMANCE FOR THE WIDE FOV MODE 
The Wide Field Mode is the main driver of the MUSE AO. Due to the rayleigh scattered light constrains, the LGSs are 
positioned 60’’ off-axis. Table 4 provides the key parameters for the following simulation results.  
Figure 15 provides the performance of the Wide Field Mode as a function of pixel size on-axis and at 30“off-axis. The 
bottom curve provides the encircled energy of an uncorrected PSF. 
 

Parameter Value 

Number of sub-apertures 32x32 
Number of LGS 4 
Position of LGS 60’’ off-axis 
Flux from LGS 150 ph/ sub-aperture / s 
Frame rate 700 Hz 
Temporal delay 2 frames 
Loop gain 0.4 
Tip-tilt guide star flux 150 ph / sub-aperture / s 
Wavelength 0.75 um 
Seeing 1.1’’ 
tau0 3ms 
Position of NGS 75’’ off-axis 
Active actuators 881 

Table 4: Key parameters used for the simulation 

 

Figure 15: WFOV performance: 4 LGS @ 60” off-axis

The WFOV AO system needs a suitable NGS for tip-tilt correction. Figure 16 shows the sky coverage versus FOV and 
NGS limiting magnitude. With a Tip-tilt NGS limiting magnitude of 17.5 and a search FOV of 3’, more than 70% of 
selected deep fields can be observed. 
 

 

Figure 16: Natural guide star coverage as a function of the search diameter 



10. PERFORMANCE FOR THE NARROW FOV MODE 
Table 5 provides the list of simulation parameters assumed for the Narrow FOV Mode. 
Figure 17 shows the Narrow Field Mode FWHM performance as a function of wavelength and Figure 18 presents the 
Strehl curve as a function of wavelength. Strehl variation from 10% (in the blue) to almost 40% near 1 µm are shown. 
The instrumental error budget as well as LGS spot elongation and Na height variations have been neglected here. Based 
on our experience with the first generation of AO systems, we are confident that an error budget error of 80 nm rms can 
be achieved: for instance Strehl ratios of 95% in K (79 nm rms) have been obtained with the MACAO system in closed 
loop without turbulence. 80 nm rms corresponds to about Sr(650nm)=0.55 leading to reduce the simulated Strehl 
provided in Figure 18 by a factor 2 at this wavelength. 
 
 

Parameter Value 
Number of sub-apertures 32x32 
Number of LGS 4 
Position of LGS 15’’ off-axis 
Flux from LGS 360 ph/sub-aperture/s 
Frame rate 700 Hz 
Temporal delay 2 frames 
Loop gain 0.5 
Tip-tilt guide star flux 1000 ph/sub-aperture/s 
Wavelength 0.75 um 
Seeing 0.65’’ 
tau0 3ms 
Position of NGS 0’’ off-axis 
Active actuators 881 

Table 5: Simulation parameters for NFOV mode 

   

Figure 17: NFOV FWHM versus wavelength in ?/D 

 
 

 

Figure 18: Strehl versus wavelength for NFOV mode 

In the Narrow Field Mode the guide star has to be within the science field, which has a size of 7.5”x7.5” and therefore 
NIR counterpart of the on-axis object itself must be use for tip-tilt sensing. 

11.  CONCLUSIONS 
We have described the conceptual design of the first Multi-LGS assisted Ground Layer Adaptive Optics system on an 8-
m telescope providing a significant seeing improvement at visible wavelengths over a large FOV. By reconfiguring the 



four Laser Guide Stars this system should be able to deliver diffraction limited images in the visible within a narrow 
FOV on a large amount of astronomical targets. The NFOV concept uses LGS tomography to sense the cylinder of 
atmosphere above the telescope to determine the correction to be applied on the astronomical object on-axis and 
therefore overcome the dramatic cone effect limitation obtained with single LGS. This project has recently received a 
positive recommendation from the ESO Scientific and Technical Committee. The very attractive option using an 
Adaptive Secondary will be decided at the end of the corresponding feasibility study mid of 2005. End of design phase 
is planned for mid 2007 and installation at the VLT is projected end 2010.  
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