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Abstract. O n e o f the o b s e r v i n g m o d e s ava i lab le w i th t he E S O V e r y L a r g e T e l e s c o p e will b e 

c o h e r e n t c o m b i n a t i o n o f the l ight r e c e i v e d b y u p t o fou r 8 m un i t t e l e s c o p e s a n d severa l 1.8 m 

aux i l i a ry t e l e s c o p e s . T h e l o c a t i o n o f the m a i n t e l e s c o p e s is fixed, whi le aux i l i a ry t e l e s c o p e s c a n b e 

m o v e d a m o n g s o m e 30 o b s e r v i n g s t a t ions . T h e l o c a t i o n s o f these s t a t i ons were c h o s e n t o a u g m e n t 

the (u, v) c o v e r a g e o f the un i t t e l e s c o p e s as well as t o f u n c t i o n as an i n d e p e n d e n t i n t e r f e rome t r i c 

array. 

T h e 8 m t e l e s c o p e s will b e e q u i p p e d wi th a d a p t i v e o p t i c s t o c o r r e c t fo r s e e i n g - i n d u c e d wave -

front a b e r r a t i o n s . T h i s wavef ron t c o r r e c t i o n will b e c o m p l e t e at near - inf ra red w a v e l e n g t h s , g i v i n g 

the i n t e r f e rome te r ve ry h i g h sens i t iv i ty in this spec t r a l r e g i m e . T h i s p a p e r g ives a b r i e f d e s c r i p t i o n 

o f t he V L T In t e r f e romete r a n d an u p d a t e o n its s t a tus . 
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1. Introduction 

The Very Large Telescope (VLT) is currently being built in Chile by the European 

Southern Observatory. It is located on Cerro Paranal in the Atacama Desert, 130 km 

south of the town of Antofagasta. The site is distinguished by excellent seeing and 

a very high percentage of clear nights. 

The V L T Interferometer (VLTI) is an observing mode that will allow coherent 

combination of light from two arrays of telescopes: 

V I M A (the VLTI Main Array)—four fixed 8 m unit telescopes 

V I S A (the VLTI Sub-Array)—several movable 1.8 m auxiliary telescopes. 

Most of the commissioning of the system will be done using VISA, which is ded-

icated to interferometry. Funding is now secure for three auxiliary telescopes and 

three delay lines, giving VISA imaging capabilities in its own right. After this com-

missioning period, observations will begin with the array of unit telescopes ( V I M A ) 

and also using both arrays together in a hybrid configuration. A stationary cat's 

eye in addition to the three movable delay lines would allow four telescopes to be 

used at a time. 

Basic to the design concept of the VLTI is the requirement for a wide interfer-

ometric field of view: 8arcsec with V I M A and at least 3.5arcsec for VISA. This 

demands large delay-line optics, as well as the ability to re-map the input pupil 

homothetically onto the output pupil at the image beamcombiner. That is, the 

configuration of the telescopes as seen from the observed source should be mapped 

onto the beamcombining telescope in such a way that the relative lengths and 

orientations of all baselines are preserved. 

Initially the VLTI will operate in the near-infrared, with subsequent extension 

to visible wavelengths and the addition of the homothetic remapper at the imaging 

beamcombiner. Other future expansion of the instrument may include adding more 

auxiliary telescopes and delay lines (up to a maximum of eight), the capability to 

rapidly reconfigure VISA, the ability to do "blind" observations on faint sources 
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Fig. 1. Layout of the VLT Observatory on Paranal. 

and the use of adaptive optics with laser guide stars. This paper summarizes the 

main features of the VLTI; more details can be found elsewhere (Beckers 1991; 

Beckers et ai 1990, 1992; von der Lühe et al. 1992a; Faucherre et ai 1992). 

2 . L a y o u t a n d I m a g i n g C h a r a c t e r i s t i c s 

The layout of the VLT Observatory is shown in Fig. 1. About 3 2 m of soil has 

been removed from the top of Cerro Paranal, providing a platform with an area 

of about 25 000 m 2 . The locations of the four unit telescopes are marked by large 

filled circles, with dashed circles showing the telescope enclosures. Also shown are 

the stations for the auxiliary telescopes (ATs) and the transportation tracks that 

allow them to move between stations. 

The long rectangular structure in Fig. 1 is a 160 m by 8 m underground tun-

nel that houses the delay lines and beam redirection optics. At the centre is an 
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underground laboratory which contains the beamcombiner and instrumentation, 

together with support infrastructure (a control room, several offices, an integration 

room and computer equipment). 

Light from the telescopes enters the tunnel through pipes 1.25 m below ground, 

shown in the figure as dotted lines. The orientation of the tunnel is rotated anti-

clockwise degrees from the E W direction by 20°; this is to balance the fixed optical 

path between the unit telescopes and the beamcombiner laboratory. 

2 .1 . T H E V L T I M A I N A R R A Y 

The configuration of the four unit telescopes is a compromise between the desire 

for good (u,v) coverage and other competing factors. These include meteorologi-

cal considerations (the predominant wind direction is N N W , while the best seeing 

is correlated with winds from the N W ) , the characteristics of the rock on which 

the telescopes are anchored, and the need for clearance between the telescope en-

closures. The (u, v) coverage of V I M A for several source declinations is shown in 

Fig. 2. 

2 .2 . T H E V L T I S U B - A R R A Y 

Several considerations went into choosing the locations of the 30 auxiliary telescope 

stations (von der Lühe et al. 1992b). Some of the stations are designed to comple-

ment V I M A when hybrid modes are used, generating baselines between UTs and 

ATs that substantially improve the ( t / , v) coverage. An example is shown in Fig. 2. 

Another consideration in the definition of the A T stations was the desire for 

coverage of short baselines which are not accessible to V I M A . This is the purpose 

of the dense cluster of stations at the S W corner of the site, an area where wind-

shadowing effects from the unit telescopes should be small. Baselines within this 

cluster help to fill the central hole in the V I M A coverage. 

Auxiliary telescope stations also contribute the longest baselines available in the 

V L T interferometer. Stations at the extreme northern and southern edges of the 

platform provide baselines of up to 200 m. At visible wavelengths, this corresponds 

to an angular resolution of 0.5 mas. 

All the telescope stations are located on a common square grid with a spacing of 

8 m. This was done to support the technique of "redundant spacings calibration," 

in which information from redundant baselines is used determine the object phases 

uniquely, without the need to model the object (see reviews by Greenaway 1991 

and Wieringa 1992). For instance, the linear array of ten A T stations lying parallel 

to the delay-line tunnel allows measurement of the object phase on baselines of all 

integer multiples of the grid spacing, up to 18 times 8 m. 

3. M a j o r Subsystems of the V L T I 

3.1. U N I T T E L E S C O P E S 

The primary mirror of each unit telescope is an 8 m monolithic glass-ceramic menis-

cus with a focal ratio of 1.8. The primaries will have active supports to compensate 
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Fig. 2. Left: the (u, ν) coverage of VIM A for three source declinations (axes in metres). The 

calculations assume the source to be observable down to a zenith distance of 60°. Right: 

improved (u, v) coverage when V I M A is augmented by telescopes at five A T stations. 

for static and slowly-varying deformations of the telescope optics (Merkle et ai 

1989; Enard 1992). The V L T Interferometer will use the coudé light paths. As 

shown in Fig. 3, there are two symmetric coudé optics trains: one is coated for 

visible wavelengths and the other for the red and infrared. 

The unit telescopes will be equipped with adaptive optics to correct for seeing-

induced wavefront aberrations. Each system will have about 250 actuators, pro-

viding full correction for wavelengths longer than 2.2μπι (Merkle and Hubin 1991). 

3.2. A U X I L I A R Y T E L E S C O P E S 

An extended feasibility study of the auxiliary telescopes has been performed by 

I R A M under ESO contract (Plathner and Beckers 1992). Detailed analyses have 

confirmed the feasibility of all our critical requirements, including the requirement 

for stable optical path lengths, something essential for interferometry. The optical 
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Fig. 3 . Unit telescope optics. Fig. 4. Auxiliary telescope design. 

layout is very similar to that of the unit telescopes; this is to make polarization and 

field rotation properties identical for all elements of the VLTI . 

A view of an auxiliary telescope is shown in Fig. 4. The design includes a built-in 

cover for protection against the weather. This cover is stowed during observations, 

exposing the telescope tube to the wind so as to minimize the efFects of dome seeing. 

Each A T is equipped with a transporter, allowing the array to be reconfigured in 

less than one hour. At present there is no allocation in the budget for adaptive 

optics for the ATs. However, tip-tilt correction will be provided and the design 

allows for a full adaptive optics system to be implemented at a later stage. 

3 . 3 . R E L A Y O P T I C S A N D D E L A Y L I N E S 

An overview of the optical design of the interferometer is presented in Fig. 5. Light 

from the individual telescopes is relayed to the delay lines via underground pipes. 

The delay lines have a stroke of 60 m, thus providing a total variation in optical 

path of 120m. 

Fig. 6 shows a delay-line carriage. This is a carbon-fibre structure containing 

a paraboloidal primary mirror and a variable-curvature secondary. The curvature 

of the secondary in each delay-line carriage will be adjusted as the carriage moves, 
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Fig. 5. Optical layout of the VLTI. Here, only the unit telescopes are shown. The insets 

provide magnified details of the coudé relay optics, cat's eye optics, and the beamcombiner 

entrance configuration. 

so as to re-image the pupil of the corresponding telescope onto the beamcombiner. 

This is to ensure that the field of view is not reduced by vignetting. A prototype 

for the variable-curvature mirror is being built at the Observatoire de Marseille. 

The longitudinal positions of the delay-line secondaries will be adjusted to equal-

ize the optical paths to within the coherence length. The signal for this correction 

is provided by a fringe sensor, currently under development by O C A in Nice. For 

sufficiently bright objects, it will be possible to co-phase the array, i.e., to match 

optical paths to within a fraction of a wavelength. 

3.4. B E A M C O M B I N E R 

Initially, the beams will be combined in a pupil plane. This method presents ad-

vantages for infrared observations and is also relatively simple to implement. Wide 

field-of-view operation, however, requires combining the beams in the image plane. 

We propose to use an imaging beamcombiner telescope, the current design of which 

is shown in Fig. 7. It consists of a 2 m diameter, / / 2 5 Gregorian looking upwards 

from a deep pit. The final plate scale will be 41.3 m a s / m m and the full unvignetted 

field is about 200 m m . The back focal distance of the Gregorian is large enough to 

allow room underneath the primary for image-position sensors, wavefront sensors 

and the like. The second / / 2 5 focus, out to the side, will be used for the instruments 

and for the fringe sensor. 
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Fig. 6 . Delay line carriage structure. 

Fig. 7 . Side view of the imaging beamcombiner telescope. 
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4. Status 

The V L T Interferometer will be managed by a project team within ESO's VLT 

program, with substantial support from Europe's interferometric community. The 

team at ESO is making feasibility studies and generating detailed concepts for 

the various subsystems of the interferometer. Major subsystems, like the auxiliary 

telescopes and the delay lines, have been studied by external contractors. Those 

studies are completed and the results are being reviewed by our team in preparation 

for calls for tenders. Instruments for the VLTI will be developed and built outside 

ESO by European consortia. We plan to install the interferometer on Paranal, 

equipped with several of these instruments, in 1996-7. "First fringes" should be 

detected in 1998. 
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