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ABSTRACT

The European Southern Observatory is developing a @ncept of ground-based, 100-m class opticd telescope, with
segmented primary and secondary mirrors, integrated adive optics and multi-conjugate alaptive optics cgpabiliti es.
Preliminary analysis have mnfirmed feasibility of the mgjor telescope components within a st on the order of 1,000
milli on Euros and within a competitive time frame. The modular design allows progressve transition between integration
and science operation, and the telescope would be &le to deliver full resolution and unequalled colleding power 11 to 12
yeas after projed funding. The ancept owes much of its design charaderistics to feaures of existing telescopes, namely
the Hobby-Eberly for opticd fabrication, the Keck for opticd segmentation, and the VLT for adive optics control. The only
criticd areain terms of needed development seems to be multi-conjugate adaptive optics, but its principles have recently
been confirmed experimentally and rapid progress in the underlying technologies is taking place ad benefits from
consumer applications. Further studies are progressng, confirming initial estimates, and a baseline design is taking shape.
The primary objedive of those studies is to demonstrate feasibility within proven technologies, but provisions are made for
likely technological progressall owing either cost reduction or performanceimprovement, or both.
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1. INTRODUCTION

The last two decales of the 20" century have seen the design and completion of a new generation of large telescopes with
diameters on the order of 8 to 10-meter. To various degrees, concepts developed on this occasion have cncentrated on
feasibility of the optics, controlled opticd performance, cost reduction, and have been quite successful in their endeavors.

The adievements of recent projeds could hardly be summarized in a few lines, but we emphasize three major
bre&kthroughs:

*  Opticd segmentation (Ked).
*  Cost-effedive opticd and mechanicd solutions (Hobby-Ebberly)
e Activeopticd control (NTT, VLT, Gemini and Subaru).

The lesons leaned from these projeds are, to some extent, arealy being implemented in a series of projeds (e.g. GTC,
SALT), but future mncepts may quite naturally rely on a broad integration of positive feaures of ead approach. Perhaps
the most far-reading innovations have been brought by the Kedk, with virtually unlimited scdability of the telescope
primary optics, and by the VLT, with highly reliable and performance-effedive functiondlity (adive optics, field
stabili zation). Scaability was traditionally limited by the difficulty to cast large, homogeneous glasssubstrates, and progress
over the last century has been relatively slow. Indeed, even the relatively modest size increase achieved by the most recent
telescopes with monolithic primary mirrors would have been impossible without innovative system approades (e.g. adive
optics) which relaxed constraints on substrate fabrication.

Opticd scdability having been solved, other limitations will inevitably apply. Taking only feasibility criteria into acwunt,
and modern telescopes being essentially adively controlled opto-mechanicd systems, these new limitations may arise éther
in the aeaof structural design, control, or a ombination of bath. Our perception is that the fundamental limitations will be
set by structural design, an area where predictability is far higher than with opticd fabricaion. However, it should be
ohserved that, despite the fad that control technologies are rapidly evolving towards very complex systems, those
technologies are dso crucial when it comes to ensuring that performance requirements are dficiently and reliably met.
Reliabili ty will indeed be amajor issue for extremely large telescopes, which will incorporate éout one order of magnitude
more adive degrees of freedom (e.g. position aduators). In this resped, however, the Keck and VLT performances are
encouraging. The 450 adive force atuators currently in operation at the VLT (150 per telescope, and 3 telescopes
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completed at the time of redadion of this article), eat adivated an average of ~1,000 times per night, have proven to be
highly reliable with atotal of 7 uncriticd failures, al attributed to eledronic faults (infant mortality).

In view of the @ove, the European Southern Observatory has initiated a cnceptual study for a 100-m class opticd
telescope™?, dubbed OWL for its keen right vision and for OverWhelmingly Large. Activities have progressively shifted
from opticd design and fabrication to structural design and opto-mechanicd optimization. Althoudh there is gill major
effort to be acomplished in order to come to a mnsolidated design, it appeas already that the telescope is most likely
feasible within currently available technologies and industrial cgpadty. Actualy, the successive iterations of the opto-
medhanica design indicate that OWL diameter is quite probably below the current feasibility limit for a steeable opticd
telescope, which we estimate to be in the 130-150 meter range.

Adaptive optics =t aside, OWL's adual limitation seans to be @st, which we mnstrain to 1,000 milli on Euros, capital
investment, including contingency. Such budget is within ascde comparable to that of space-based projeds and spread over
alonger time scde. Additionally, it can reasonably be agued that progressin ground-based telescopes is broadly beneficial
in terms of cost and efficiency as it allows gace-based projeds to concentrate on and be optimized for spedfic goplications
which cannot be undertaken from the ground -because of physicd rather than technologicd reasons.

It is obviousdly essential that the concept al ows a mmpetitive schedule, which we mnsider to be the cae & the telescope
could, acording to tentative estimates, deliver unmatched resolution and coll eding power well before full completion.

2. REQUIREMENTS

Provisional requirements have been derived from science objedives®#, and will only be outlined here. Those requirements
may still evolve with the mnsolidation of the science cae, but they are drealy sufficiently complete to alow conceptual
design to proced.

The highest priority requirement are understandably angular resolution, and sensitivity. Whereby in a sedng-limited regime
the peak of the PSFis propartional to the square of the @amospheric turbulence and to the square of the telescope diameter®,
it becomes propartional to the fourth power of the telescope diameter in a diffradion-limited regime. Sensitivity is therefore
not only a matter of throughput or colleding areq it is the result of a combination of high resolution and high throughput.

The requirements for OWL correspond to dffradion-limited resolution over afield of 30 arc seconds in the visible and 2
arc minutes in the infrared (A~2 pm), with goals of 1 and 3 arc minutes, respedively. The telescope must be optimized for
visible and nea-infrared wave bands, although the high resolution still allows sme competitive science gplicdions in the
thermal infrared®. Colleding power is =t to ~6,000m?, with agoal of 7,000. The implied telescope diameter is 100-m.

The opticd quality requirement is st to Strehl Ratio > 20% (goal = 40%) at A=500 nm and above, over the etire science
field of view and after adaptive crredion of atmospheric turbulence with a seeéng angle of 0.5 arc secnds or better. We
tentatively split this requirement into telescope and atmospheric contributions:

»  Strehl Ratio asociated with all error sources except atmospheric turbulence = 50% (goal = 70%);
e  Strehl Ratio associated with the rredion of atmospheric turbulence= 40% (goal = 60%).

It goes without saying that the field requirements imply multi-conjugate alaptive optics.
3. SYSTEM ASPECTSAND DESIGN CONSIDERATIONS

We nsider that the essential function of the system is to reliably deliver aminimally disturbed -in terms of amplitude and
phase- wavefront to the science detedor, over a spedfied field of view. As disturbances inevitably occur -atmospheric
turbulence, telescope optics, tradking, etc.-, those must be @ther minimized or corrected, or both.

In theory, correding them al with a minimum number of integrated subsystems is an attradive option as it would likely be
the most efficient way to preserve amplitude i.e. minimize the number of surfaces and losses. Actual disturbances -such as
atmospheric turbulence and mirror deceters- having hugely different spatial and temporal spedra, this approach would
however maximize mnstraints on each adaptive subsystem and thereby exaceabate feasibility, reliability and cost issues. For



this reason, we prefer to achieve crredion through distinct functions associated with well-defined subsystems and rule out,
in particular, the option of adaptive wrredion at the level of the telescope main opticd components.

It is quite logicd to dstinguish between atmospheric and tel escope disturbances for their very different spatial and dynamic
properties, the former being arguably the most difficult to compensate. Therefore, we incorporate into the telescope mncept
dedicated adaptive modules, to be designed and optimized for corredion of atmospheric turbulence d spedfied wave bands,
and we reguest that the telescope @ntribution to the wavefront error delivered to the alaptive module(s) be small with
resped to the wavefront error associated with atmospheric turbulence In brief, we request the telescope itself to be seeéng-
limited.

Taking into acmunt the telescope size ad some implied technology solutions (e.g. opticd segmentation), we @me to the
unsurprising conclusion that the telescope itself should provide the following functions: phasing, field stabili zation, and
adive optics, including adive dignment. The cae for field stabili zation is very strong, as a "closed" co-rotating enclosure
would be very costly and anyway inefficient in proteding the telescope from wind.

As pointed out in the introduction, we mnsider modern telescopes to be mntrolled opto-mechanicd assemblies. The shee
size of OWL only emphasizes the need for a mherent system approadc, with rational trade-off and compromises between
different areas, e.g. opticd and structura designs.

It is also esential that from the ealiest stages the design incorporates integration, maintenance and operation
considerations. Besides cost, the two esential reasons are mnstruction schedule and operational reliability, the latter
playing a aiticd role when it comesto telescope dficiency.

4. TELESCOPE OPTO-MECHANICS

4.1 OPTICS

A strongly dimensioning requirement is the total field of view, which must exceal the science field to provide objeds for
wavefront sensing. While adive optics and guiding do not yield any particular problem, adaptive optics with netural guide
stars (NGS) requires fairly bright objeds and sky coverage is diredly related to the field available for fast wavefront
sensing. Laser guide star (LGS) solutions require smaller field. There is, however, ongoing debate™* as to adua field
requirements for NGS solutions, and at this point it would be premature to make any irreversible design dedsion. Hence,
design is procealing on the basis of the most conservative asumptions, which involve modest extrapolation of the
performance of existing wavefront sensing technology”®and implies the largest possble field of view.

The requirements applying to the opticd design at technicd focusi.e. prior to adaptive modules, are & foll ows:

« Diffradionlimited field of view larger than 30 arc secondsin the visible.

e Unvignetted field of view 2 arc min, goal 3 arc min (derived from the maximum required sciencefield in the infrared).
e Tedhnicd field of view larger than 10 arc minutes, goal ~20 arc minutes.

e Opticd qudlity in the technicd field of view ~0.20 arc seacond RM S or better (sedng-limited).

e Linea field sizeof ~2-m to al ow convenient design spacefor guiding and wavefront sensing.

In addition, the design should idedly provide for conveniently locaed surfaces for adive optics and field stabili zation -
conveniently located being essentially meant for intermediate pupil images.

Several design solutions have been -and are till- explored. A trade-off between classicd opticd designs and solutions
implying spherica primary and secondary mirrors is discussed elsewhere'? aspheric primary mirror solutions have, so far,
been rejeded in favor of sphericd solutions as the former imply higher cost, higher constraints on structural design, and
require a @mparable number of surfaces (4-5 instead of 6) for comparable functionality. A sphericd primary and aspheric
secondary solution does not provide dea advantage ather, asit requiresthe wrredion of aprohibitively large cmmaterm.

The most advanced design is sown in figure 1; it is an evolution of a 6-mirror solution presented elsewhere™®*® and
resembles that of the Hobby-Ebberly and SALT telescopes. It could be described as a bent primary focus configuration.
Mirror separation has been reduced from 120to 95m, and the design provides a well correded 114 arc minutes field of
view, with a geometricd image radius of 0.2 arc secnds RMS at the alge of the field. The diffradion-limited field of view



inthe visibleis closeto 3arc minutesi.e. far larger than required. Focd ratio is 5.1 but will probably be increased to ~6.5 at
the next iteration to relax constraints on the design and fabrication of the relay opticsin the alaptive modules.

95-m

M1-
Spherical, 100-m,

Figure 1. Layout of the opticd design, 6-mirror solution

Technical field,
segmented 11.4 arc min dia.

The designincludes a 100-m sphericd and aflat 34-m,
segmented  primary  and  secondary  mirrors,
respedively. Corredion of sphericd and field
aberrations is provided by a 4-elements corredor,
which includes two 8m class adive monolithic
mirrors, a 4-m class passve ad a 2.5-m flat tip-tilt
mirror, located in a pupil and which can be rotated
about the telescope ais to alow different focd
stations. The dimensions of these two last mirrors can
be substantially reduced if the total field of view is
reduced.

The option of a large flat secondary mirror is
somewhat counter-intuitive. Being flat, it does not
provide any power nor aberration corredion and being
large, it adds mass at a locaion where mass is
traditionally critical. In the present case, it should be
observed that adhieving hHgh static and dynamic
stability at the level of the secondary mirror will be
extremely difficult. The alvantage of a powered
secndary mirror would be to reduce sphericd

aberration, at the @st of sensitivity (pointing, coma) to lateral decenters. The alvantage of a flat secondary mirror is to
eiminate the dfed of lateral decenters. The influence of tilt is reduced as well, as a flat mirror does not yield angular
magnification. Additionally, it is easier to produce amedianicad design minimizing secndary mirror tilt under varying

gravity load than adesign minimizing lateral decenter.

Sensitivity to corredor decenters is higher but remains within reasonable
limits and the location of the corredor is evidently more favorable in resped
of positional stability. Tolerance aalysis $iows'™ that internal metrology and
arelatively uncriticd aduation scheme would comply with the eror budget.
Decenters within the arredor are the most criticd but again, the figures are
such that internal metrology and simple ad¢uation mechanisms should comply
with the eror budget.

The presence of two adive mirrors leals to additional complexity but also
added functionality. A minimum of 3 oljeds are required to dfferentiate the
adua wavefront contributions of the two mirrors; asillustrated in figure 2, the
differential between two wavefront measurements provides the differential of
the out-of-pupil mirror along the separation of the guide stars. With subpupil
diameters on the order of 2-m in the entrance pupil and integration times on
the order of 20-30 seconds as in the VLT, availability of sources is not an
issue.

The availability of two adive mirrors allows for a more complete control of
the adual prescription of the telescope. With asingle adive mirror, wavefront
control is, in principle, achievable only at one single field pcsition. A dired
consequence of Schwarzschild's theorem' is that 2 adive mirrors allow at
least one third order field-dependent aberration term to become controll able.

Opticd fabrication aspeds have been addressed™'®, and there is grong
evidence that production of the main optics, including substrates, is fully
within the reat of current technology and would not require major fadlity
investments*>®*’. Primary mirror segments sze has been tentatively set to
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2 adive mirrors



2.3-m to alow cost-effedive transport in standard containers. There ae evident cogt, fabricaion and handling reasons to
reduce segment size on the other hand, a larger number of segments implies a proportionally larger number of degrees of
freedom, hence ahigher cost for the total number of aduators, a lower reliability, and passbly alower phasing accuracy. A
thorough trade-off is gill to be made.

The aurrent baseline relies on conventional mirror materials (e.g. Zerodur or fused Sili ca), which leads to a primary mirror
mass on the order of 1,500-1,700 tons. An alternative that is given very serious consideration is Silicon Carbide which, in
view of its exceptional spedfic stiffness would allow major massreduction. Priority being dgven to cost, the geometry of
any lightweight structure must remain simple and adapted to mass production; the target for aeial density would be on the
order of 50to 80K g/m? (i.e. atotal primary mirror massof ~300-500tons).

In terms of fabrication, the only areaof concern is the quaternary mirror, which has an aspheric deviation of 9.5 mm with
resped to best fitting sphere. The apherizaion per se does not seem to be an issue with modern, computer-controlled
opticd figuring techniques. The opticd test set-up envisioned so far requires this mirror to be tested against the tertiary
mirror and through a fairly large null system™®.

Phasing is obvioudly a aiticd issue; the current budget all ocation is 35 nm wavefront RM S for the combined contributions
of the primary and secondary mirrors. Assuming equal all ocaion for tilt and piston, this budget trandlates into a piston error
of no more than £30 M (medhanicd surface for ead segment of ead mirror. The aurrent baseline gproac isto rely on
the same scheme &b that successfully used with the Keck telescopes i.e. position sensors, combined with on-sky cdibration
techniques™® and, possbly, complemented by day-time interferometric cdibration of the flat secondary mirror phasing. We
also identify a number of positive fadors:

« Trade-off between tilt and piston contributions, the former being easier to control. A tightening of the tilt requirement
and relaxation of the piston one will plausibly occur within the framework of further design iterations.

« Progressin paosition-sensing technologies (acaracy, reliability, cost, miniaturization) since the design of the Ked
telescopes ensors.

»  Progressof on-sky piston-sensing concepts'®1%%,

4.2 ADAPTIVE OPTICS

Attaining diffradion-limited resolution over afield of view largely exceading that allowed by conventional adaptive optics
is a top priority requirement for OWL. Conservative estimates® indicate that multi-conjugate alaptive optics’ (MCAO)
should allow for a crreded field of view of at least 20 arc seconds in the visible, assuming a set of three alaptive mirrors
conjugated to optimized altitudes.

In the visible, the implied charaderistics of adaptive modules (about 500,000 adive dements, a crresponding wavefront
sampling and commensurate computing power) leaves no daubt as to the technologicd challenge. Novel ideas about
wavefront sensing (e.g. pyramidic wavefront sensors) and spedacularly fast progressin cost-effective technologies which
could pdentially be gplied to adaptive mirrors (MEMS), together with the strong pressure to achieve MCAOQO corredion on
existing 8-m class telescopesin avery nea future, leaves room for cautious optimism.

Further discussons of adaptive optics aspeds for OWL and extremely large telescopes are presented elsewhere”®°101%,

Proposals for MCAO demonstrators or even functional instruments to be installed within a fairly short time frame on the
VLT and Gemini, respedively, have been made. However promising such developments could be, it isimpossible, at this
stage, to make any substantiated statement as to their outcomes. Therefore, the telescope design incorporates the most
conservative asumptions regarding the eventual technology solutions, which implies, in particular, large field of view for
reasonable sky coverage with natural guide star. All attempts should also be made to avoid constraints on the design and
corredion range of the alaptive modues, which implies that the telescope be ale to deliver seeng-limited performance
comparable to that of existing large tel escopes without the relying on adaptive corredion.

43MECHANICS

The arrent mechanicd design is presented and analyzed elsewhere?™?? in the following we summarize key design
charaderistics.



Several mount solutions have been explored, including de-coupled geometries? based on fully separate structures for the
primary and secondary mirrors. As was -to some extent- expeded, the best compromise in terms of cost, performance, and
feasibility in a broad sense (i.e. including assembly, integration and maintenance apeds) seems to be an at-az @ncept.
Figure 3 shows the evolution of the design of the telescope structure with the reduction of the primary-secondary mirrors
separation.

As in the cae of the main optics, the mechanicd design relies heavily on standardized modules and parts, allowing cost
reduction fadors which are normally not attainable with classcd telescope designs. Manufadured or pre-assembled parts
are ongtrained to having dimensions compatible with cost-effedive transport in standard 40 ft containers. It should be
pointed out that, in view of the structure dimensions, the standardization does not necessarily impair performance Particular
attention is given to assembly and integration constraints as well as to suitabil ity for maintenance

The dl-sted structure shown in figure 3 has a moving mass on the order of 13,500 tons (including mirrors) and does not
rely on advanced materials, except for a limited number of carbon-fiber cables at the level of the secondary mirror units.
This mass figure @rresponds to a 20% gain with resped to the former design iteration®. Iso-static and hyper-static
configurations are being evaluated, the former yielding lower dynamic performance and the latter, dightly higher mass
complexity, and cost. First locked rotor frequency is 1.5 Hz for the iso-static and 2.4 Hz for the hyper-static configurations,
respedively. Static deformations require the decenters of the secondary mirror and of the crredor to be compensated, but
the relevant tolerances, which are set to guaranteethat the on-sky corredion loop ty adive optics can be dosed, are not
particularly stringent™.

Preliminary stressanalysis shows that the design would exceal the accetable safety limits of seismicdly adive sites such
as Paranal -which could arguably be cnsidered as a worst case. There is reasonable cnfidence that further design
improvements could remove such concern, but the adual cost implicaions are yet to be sssessed.

Figure 3. Progressof opto-mechanicd design (left: mirror separation 120-m; right: mirror separation 95-m).
The left view does not include full details.

There is no provision for a c-rotating enclosure, the alvantage of which being anyway dubious in view of the enormous
opening such enclosure would have. Protedion against adverse environmental conditions and excessive day-time heding
would be ensured by a dliding hangar, whose dimensions may be unusual in astronomy but acually comparable to or lower
than those of large movable enclosures built for a variety of applications?. Air conditioning would lead to prohibitive msts



and is not foreseen; open air operation and unobstructed air circulation within beams and nodes seem sufficient to guarantee
that the structure reates thermal equilibrium within an acceptably short time. In this resped, it should be noted that OWL
structure s, in propartion to size, more than an order of magnitude lessmassive than that of the VLT.

Open-air operation is evidently a mgjor isaue with resped to tradking and, as mentioned before, full protedion from the
effect of wind is not a redistic option. Hence the need for field stabili zation. The latter is provided by a 2.5-m class flat
mirror located in a pupil image, and there is reasonable mnfidence that a bandwith of 5-7 Hz could be adieved with
avail able mirror technology. There ae, however, limitations to field stabilization as it introduces tilt of the image plane
(unlessadditional surfaces are incorporated to cope with this effed), and every attempt is made to reduce dynamic pointing
errors. The dfed of imagetilt could, in principle, be taken care of in the adaptive modules, but we prefer to avoid additi onal
constraints on these modules. The airrent design would comply with the eror budget up to a wind speed on the order of 4
m/s, without constraints on the alaptive modules. A preliminary assessment of the telescope dynamic properties and drives
control parameters indicates that there is room for substantial improvement with resped to amplitudes. It should also be
noted that adive and passve damping systems have not yet been incorporated into the design.

\

Figure 4. Telescope painting at 60° from zenith, layout of the fadliti es (sliding enclosure not shown)

The benefits of a lighter primary mirror (Silicon Carbide) has been briefly assessed for the iso-static design. Dynamic
performance remains basicdly unchanged, but the lighter mirror allows for very substantial mass savings in the structure
(several thousands tons). Thisis mainly caused by the better balancing of the Tube structure which, in case of the Zerodur
option, is made difficult by the high massof the primary mirror.

The kinematics of the structure is comparable to that of the VLT telescopes: 3 minutes for 90° elevation range, 12 minutes
for 360° azmuth range, maximum centrifugal acceeration not exceeading 0.1 g at any location of the structure, and 1 degree
zenithal blind angle. The number of motor segments would be on the order of 200 for elevation and 400for azmuth. These
figuresare based on VLT technology and appea very conservative.

The telescope ca point towards horizon, which allows to reduce the dimensions of the diding enclosure and fadlitates
maintenance of the secondary mirror unit and extradion of the @rredor unit along the ais of the telescope. Mirror covers
are foreseen; they would consist of four quadrants diding into the structure when the telescope is pointing towards zenith.
One of these covers would be equipped with segments handling systems and in-situ cleaning faciliti es allowing periodic



cleaning of the primary mirror. Figure 4 show the telescope painting towards 60° zenitha distance, mirror covers retracted.
The diding enclosure is not figured.

5. COST AND SCHEDULE

The aurrent schedule cdlsfor a mmpletion of phase A, including demonstration of the principle of multi-conjugate adaptive
optics on the VLT, by 2003 As ambitious as sich objedive may seem, it should be recdled that the design of the OWL
observatory relies extensively on proven technologies, bar adaptive optics -an approach which has also been adopted for the
CELT program. In this resped, it should be pointed out that technology development for long-lead items (primary mirrors)
played a determinant role with the arrent generation of 8-10-m class telescopes. These spedfic, highly time-consuming
technology developments being largely unnecessary for extremely large telescopes such as CELT and OWL, tighter
scheduling may become possible.

Once projed go-ahead would be granted, schedule to technicd first light is esentialy driven by the mnstruction and
integration of the structure. The schedule shown in figure 5 assumes that final design of the telescope structure wuld be
completed within 2 yeas after projed go-ahead, and that its fabrication, assembly and integration could be cmpleted
within 5-6 yeas after final design. It is evidently concevable that the final design of the structure occurs ahead o the final
design of lesstime-criticd subsystems. Full completion of the enclosure, which is close to the aiticd path, may occur after
completion of the structure, provided that a suitable solution is found to complete the structure integration with the telescope
pointing horizontal. An iteration of the enclosure and structure possble schedulesis needed to cometo a deaer plan.

1998 2000 | 2002 | 2004 2006 2008 2010 2mMz2 2014 2016 2018 2020 2022 21
m"‘"— PHASE A
Q’ : : % Adaptive Optice preliminary RED phase

g Site selen’tiur;
- . : . : : 3P OWL F‘HHEEE BiC
- 7 ! : : : = Project Milestones

wHick-off
@Groundbreaking
@First M2 segrnent on site
wFirst batch of I'u'ﬂ segments on site
@Telesit:upe structure assembled

@Eni:lusure ready
@Firs’t light, incoherent, 21 segments

@First Iii;ht, phasged, 2 =egments
@Fi:rst light, i:-hased, u-v plane covered
wFirst light, IR A0 Correction

. gFirst light, Vis. AO correction

| @First light, filled

: @Rélease for gcience;verification

Figure 5. OWL tentative schedule (technicd considerations only).

Oncethe structure is ready to accept primary and secondary mirror segments, integration “rate" can be tuned by duplicaing
opticd integration lines. First light could plausibly occur within 8-9 yeas after projed funding; allowing for ~2.5 yeas
integration and verification of the IR adaptive module(s) and ~3.5 yeas for integration and verification of the visible
adaptive module(s), the telescope culd already deliver science data in the IR and in the visible within 10.5-11.5 and 115-
125 yeas after projed go-ahead, with unmatched resolution and colleding power. There ae, indeed, strong incentives to
design and huild a first generation of instruments that would take benefit of the telescope unequalled paential before full
completion. Full science operation would start approximately within 14 yeas after projed funding.



1 JopTIcS 347 A preliminary cost model has been assembled and, to some
11 Primary mirror unit 266.7 extent, consolidated. The total capital investment remains
1.2 Secondary mirror unit 27.0  within the target maximum of 1,000 million Euros, including
13 M3 unit 14.4]  contingency. It should be pointed out, however, that some of
14 M4 unit 23.9]  the most determinant cost positions correspond to subsystems
L5 MS unit 53 involving massproduction (primary optics, structure), an area
1.6 M6 unit 10.1 " . .
> ADAPTIVE OPTICS 47 _tradm on_aJIy terra incognata Fo telescope d(f,-s grers. T_he full
21 Prototyping 20| implication of mass-production of the primary optics, of
2.2 Visible AO module 30.0/ aduators and sensors, and o the structure may be
23 IR AO module 15.0 underestimated. The st estimate presented here (table 1)
3 |MECHANICS 229 should therefore be @nsolidated by industrial studies, which
g; ?ﬁ'g‘;”th ring ;gs are planned. Our perception is that current estimates are
3.3 Rocking chair 3.0 probably conservative.
2;;‘ é;'g?:ﬂ;,jﬁg"s 52;3 Progress of the design hes led to a reduction of former
36 Bearings 30.0 estimates’ in the aea of optics (including supparts) and
3.7 Drives 20.0 mechanics, mainly as a result of mass reduction. The
3.8 Mirror shields 15.0[  adlocdion for civil works has been incressed but design
3.9 Adapters 6.0l optimization, still to be started, should arguably lead to lower
3A Erection %001 figues. The etimate shown in table 1 assumes Zerodur
4 |CONTROL SYSTEMS 17 ? ) "
11 Telescope Control System so| Primay and secondary mirrors (at 80 Euros_/ Kg). S|_I| ca or
) M1 Control System go| Astro-Sital would probably leal to lower estimates (yielding
4.3 M2 Control System 2.0 toanincreaseof contingency to 12 a 14%, respedively).
4.4 Active optics Control System 2.0
5 |CIVIL WORKS 220 6. CONCLUSIONS
5.1 Enclosure 40.4
22 ;‘?Ch.”'ca' facilities 3501 progressof the nceptual design of the OWL telescope does
. ite infrastructure 25.0 . .
54 Concrete 1200 ot reved any obvious show-stopper. Underlying the
5 INSTRUMENTATION 45 feasibility of a 100-m class telescope is the fad that
TOTAL WITHOUT CONTINGENCY 906 traditional scaability issues, such as the feasibility of the
CONTINGENCY 10% 94 optics, have shifted to entirely new areas, namely mechanics
FIXED TOTAL 1000

and control. These last are evidently more predictable, and
their limitations inevitably exceal those so far applying to
conventional telescope design -a size increase by a fador 2
per generation.

Table 1. OWL cost estimate, in milli on Euros
(capita investment).

The shee size of reflecting optics and structures permitted by opticd segmentation, adive optics, field stabilizaion, and
suitable mechanicd design, respedively, cdls for novel approach towards opto-mechanicd design. Design options, in
particular, must be ssssd at system level and evaluated in proper relation to anguar resolution and total throughput.

The aurrent design incorporates all functions required to deliver a minimally disturbed wavefront over the science field,
prior to adaptive crredion.

Adaptive optics is evidently the most critical asped of any Extremely Large Telescope wncept. OWL design can
acmommodate for conservative assumptions as to the future field and quality requirements that will be implied by adaptive
optics.

Thereis drongindicaion that a mmpetitive schedule is posgble; the aiticd path is st by the mechanics, and, in contrast to
the situation which prevailed at the time the last generation of 8- to 10m classtelescopes was designed, longleal items
such as the main optics do not require time-consuming technology developments. Whereby achieving technicd first light
within 8-9 yeas after projed go-aheal would be a dallenging objedive, flexibility in the subsequent integration phases
should allow a start of partial science operation at full resolution within 11 and 12 yeas in the infrared and in the visible,
respedively.
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