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2. THE SCIENCE CASE AND THE DESIGN REFERENCE MISSION 
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represents the possibility of performing a physics experiment that will yield the variation in expansion velocity of the 

universe through dynamical (and model independent9) measurements (see figure 2). 

 

 

Figure 2. Simulations of the redshift drift experiment (CODEX) using three different observing strategies (Liske et al, 

2008). The solid lines show the expected redshift drift for different parameters as indicated, and h70 = 1. The grey shaded 

areas result from varying H0 by M8 km s
!1

 Mpc
!1

. 

 

3. STATUS OF THE PHASE B 

In December 2006 the ESO Council resolved that ESO should proceed into Phase B with the aim to have a proposal for 

construction ready to be submitted to the ESO Council in late 2009 or early 2010. The 2007-2009 resources allocated to 

Phase B are 57.2 M!, including 110 FTEs.  

During phase B, contracts are being placed with industry for the advancement to preliminary design status for all major 

subsystems. Specifically, contracts are in place or have been completed for the development of the main structure, the 

dome, the adaptive mirrors, the tip-tilt unit and the primary mirror support. Several prototype mirror segments are being 

procured and polished to the specifications of the project: this will enable our industrial partners to establish robust 

production processes. Integrated modeling, development of concepts for the control system, the mirror cells and the 

adaptor rotators are ongoing, as is the design of the secondary unit. For critical subsystems where more than one 

technology exists or where more than one approach is possible, multiple contracts have been placed. At the present time, 

more than 70Z of the Phase B budget has been committed. 

The EC-sponsored FP6 ELT Design Study work (started in 2005 as a pan-European design-independent R&D activity) 

has been aligned to the EELT design and the results on large deformable mirrors have been folded into the Phase B 

activity. The FP6 ELT-DS activities on edge sensors, actuators, the active phasing experiment and the wind evaluation 

breadboard are all concluding in 2008 or early 2009 in time to have their results included into the preliminary design 

phase. The fast detectors for adaptive optics are supported via the Opticon JRAs, by a newly approved FP7 program and 

directly by the project. Pulsed laser development will also be initiated during the phase B. The instrumentation phase A 

and point design studies have been launched. The site evaluation process is ongoing within the FP6 ELT-DS and is 

supported by the project wherever necessary.  

Phase B will have several reviews, both internal and external, culminating with a cost review in late 2009 followed by a 

design review before the completion of the Proposal for Construction. There have been some changes in the schedule, 

mostly to consolidate interesting new ideas and results from the contractors, but none has impacted the critical path. 
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4. THE EELT BASIC REFERENCE DESIGN 

 
As a result of the studies, both industrial and in house, that have been carried out during Phase B, the basic reference 

design has evolved since the one presented in the proposal for Phase B. In particular, the optical design has been 

modified to bring M3 at the same height as M1 (to improve ventilation) and to provide a longer back focal distance to the 

instruments. The mount is now lighter and stiffer. The original two kinds of adapter-rotators (one for natural, the other 

for laser guide stars) have been unified in a single A/R, with substantial simplification of the laser guide star operations. 

 

4.1 The optical design 

The optical design of the EELT is a three mirror on-axis anastigmat with two additional folding flat mirrors to steer the 

beam to the Nasmyth foci (figure 3). With three powered surfaces, a 42-m f/1 primary, a convex 6-m secondary mirror 

and a 4-m tertiary mirror the EELT delivers unsurpassed image quality across its entire 10-arcminute field of view. 

Moreover, the beam is concentric to the pupil at all locations of the almost flat focal plane. This is a boon to 

instrumentation relaxing dramatically alignment tolerances. The two folding flats are sized at 2.6 and 2.7-m and have 

adaptive and field stabilization roles in the optical train of the telescope. The EELT is an adaptive telescope by inception 

and design. 

With adaptive optics embedded in the telescope we have moved to the next natural step for optical instruments. With the 

NTT ESO pioneered the active telescope concept that allowed the 8-m class telescopes to be built and operated with 

excellent optical performance. Adaptive optics has reached a level of maturity that allows the next natural step to be 

taken. At Paranal today more than 7 adaptive optics systems, some assisted by a Laser Guide star system, are in routine 

turn-key operation without dedicated or expert support. The technology has now matured to the level that embedding it 

into a telescope is a natural path forwards and a technological enabler of new science. 

A significant advantage of the 5-mirror design is that given the reasonable development timescales for the deformable 

mirrors the telescope is well configured to take advantage of future enhancements in the technology of these systems.  

  

 

Gravity invariant focus 

 

Coudé focus 

Figure 3. Left: the 5-mirror optical design. Note that size of the secondary is the optical one, not the physical one (6m). 

Center: the image quality. This is diffraction limited over the full field of view, from the axis (bottom), with Strehl = 1.00 

(at 500nm), to 5 arcminutes radius (top), with Strehl = 0.97 (at 500nm). The circle is 50 milliarcseconds wide. Right: 

reconfigured telescope to access the gravity invariant and Coudé foci. This is achieved by changing the distance between 

M3 and M4. 
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The cost of an upgrade of the deformable mirror of the 5-mirror design to have a higher density of actuators when this 

becomes available would be comparable to that of a novel instrument and could be deployed in a similar or even shorter 

timescale. 

 

4.2 The Mount 

The telescope mount is of the altitude azimuth type. One of the challenges for an ELT is to design a structure that will 

support the multiple segments of the primary mirror (984 in the case of the EELT) with small relative displacements 

(fractions of millimetres) as the telescope inclines from zenith to horizon. This is a problem solved for large radio 

telescopes but in those cases the altitude axis is below the primary mirror. For the EELT the altitude axis is above the 

primary making the provision of a massive structure to support the primary unfeasible for balancing reasons. Two 

industrial contractors have provided ESO with designs that meet the requirements for supporting the primary while at the 

same time having eigen frequencies that will allow for basic rejection of wind disturbances. A rocking chair mount is 

selected with two cradles (figure 4). In the current baseline both the azimuth and altitude bearings are of hydrostatic type 

although bogies may be used instead. Direct drives as employed at the VLT are considered a viable option although rack-

pinion drives are also being investigated. 

Figure 4. Left: The telescope mount design. Right: Accessibility of the back of the primary mirror through the 

framework structure. 

 

Particular attention is being paid to all the maintenance requirements for the telescope and the mirror cell (see figure 4). 

The active engagement of the ESO experience in construction and operation is being embedded into the project. In 

routine operations it is expected that one or more primary mirror segments would be exchanged per day for cleaning and 

recoating. For this purpose a sophisticated crane system has been designed into the telescope structure allowing easy and 

safe access to each component of the system. 

 

4.3 Dome 

Telescopes are enclosed in massive domes to protect them from the elements during the day and to maintain the mirror 

surface clean. The EELT is investigating the dome like enclosures with massive doors (figure 5).  

Two industrial firms have established preliminary designs for the dome, while two further contracts have been elaborated 

upon through the FP6 ELT design study activities on box-like and dome like enclosures. Wind tunnel testing is due to 
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start in 2008. The dome of the EELT not only provides protection from the elements but critically ensures excellent 

ventilation for the telescope during observation periods.  

The dome also provides for the air-conditioning of the telescope during the day in preparation for the night time 

observing. Detailed analysis has been undertaken to provide sufficient cooling to allow the telescope to match the 

external temperature at the beginning of the coming night. The dome also provides for the maintenance platforms that 

allow the exchange of the instruments at the Nasmyth foci and the access to the secondary mirror unit for maintenance at 

a horizon pointing position. The analysis of the dome has included CFD simulations (figure 6) and wind tunnel testing is 

planned for 2008. 

 

 

Figure 5. One example of a dome for the EELT. 

Figure 6. Left: FEA of the telescope. Right: CFD analysis of the dome under 27 m/s wind. 

 

4.4! Optics  

The EELT 42-m diameter primary is segmented with 984 1.45-m (point to point) hexagonal segments. For the EELT two 

industrial firms are currently producing a number of prototype segments of the exact prescription that the project will 

require in the final mass production. The hexagonal segments are to be made of glass or glass ceramic material, although 

silicon carbide is not excluded. A further industrial contract is designing and costing the production of the primary mirror 

cells (figure 7). A solution with 27 point wiffle trees is being considered.  

The 6-m diameter and 100-mm thin secondary mirror (figure 7) is significantly smaller than the 8-m blanks made for the 

VLT and Gemini telescopes so there is confidence in the industrial partners in the production of the blank. The polishing 
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of the mirror that is convex is more challenging but sub-aperture stitching techniques have already been used for the 

VLT secondary mirrors. Industrial contracts are being prepared for the preliminary design of the secondary mirror unit. 

The tertiary mirror is mildly aspheric and with a diameter of just over 4 metres, neither it nor its cell pose a particular 

challenge.   

 

 

Figure 7. Left: Concept for the mirror cell supporting each of the primary mirror segments. Right: Conceptual design of the 

secondary mirror and its cell 

 

 

 

 

Figure 8. Left: The Adaptive Relay Unit housed in the centre of the telescope. Right: (top) one of the adaptive M4 designs; 

(bottom) Conceptual design for the fifth mirror tip-tilt unit. 

 

The quaternary and the fifth mirrors in the optical train form part of the adaptive optics train (figure 8). Two industrial 

firms are engaged in a preliminary design of the quaternary mirror unit. The mirror will have over 5000 actuators and 

will provide ground layer correction for all instruments.  
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The adaptive optics performance of the telescope is being simulated in the various operational modes and Ground Layer 

Adaptive Optics is shown to provide wide field seeing improvement comparable to that achieved at Paranal with the 

Multiconjugate Adaptive Optics Demonstrator during 2007 (figure 10). With GLAO, LTAO, MCAO and MOAO 

(acronyms for the ground layer, laser tomography, multiconjugate and multiobject flavours of AO) all planned to be used 

with the EELT these simulations are critical components of the design process. 

 

  

!"#$%& (). Multiconjugate Adaptive Optics Demonstrator (MAD) at the VLT. Comparison between a natural seeing (0.5!), 

K band image of the core of the globular cluster " Cen with ISAAC (left) and a MAD image in the same filter, obtained 

while the outside seeing was 0.7! (right). The image is a 15!#15! cutout from the 2$#2$ corrected field of view, and has a 

very homogenous image quality (Strehl > 20% everywhere). 

 

The mount performance is already at a very respectable 2.8 Hz locked rotor eigen frequency and the Ground Layer 

Adaptive optics performance of the system is achieved even at relatively high wind loading conditions of 10m/s. 

Significant attention is being paid to the earthquake analysis of the system. As with the VLT a particularly conservative 

approach is being taken for the size of earthquake that the telescope is to be able to survive.  

The system engineering process uses DOORS to manage the requirements and SYSML for analysis of complex control 

issues.  

 

*+,! -./%012%$32$%& 4 1"2& 

A number of potential sites are being investigated for the EELT, including (alphabetically) locations in Argentina, 

Canaries, Chile, Morocco and Mexico. The site characterisation process, extensively supported by the community 

through the FP6 activities, is expected to last until late 2009. In the mean time the project is making assumptions for the 

infrastructure needed on the basis of the ESO experience opening the Paranal observatory in Chile (figure 11).  

Site selection will take place by the end of 2009, through the advice of a Site Selection Advisory Committee that has 

recently been formed. The ESO Council will take the final decision. 
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