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ABSTRACT 
 
The Prime Focus for the Large Binocular Telescope are a couple of Prime Focus stations each equipped with four 
4kx2k CCDs and a six lenses corrector with an aspheric surface and the first lens as large as roughly 800mm in 
diameter. These cameras will cover almost half degree of Field of View on 8m-class telescopes with unprecedented 
velocity of F/1.4. The two units are optimized for the Red and Blue portions of the visible wavelength and additionally 
an extension to J and H bands is foreseen. An overview of the project, including the optomechanics, the cryogenics, the 
electronics, and the software is given along with a preliminary account of lessons learned and on how much the second 
unit, the Red one, the schedule of which is shifted with respect to the Blue one by several months, will take advantage 
from the experience gained in the Blue unit assembly and integration. 
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1. INTRODUCTION 
 
The Prime Focus cameras for the Large Binocular Telescope1 (LBT), sometimes referred to as the Large Binocular 
Cameras2 (LBCs), are a pair of all-refractive wide field correctors optimized for the UB and VRI bands respectively, 
with possible extension up to 1.8µm. Each LBC covers almost half a degree Field of View imaging onto a mosaic of 
CCDs with a pixel size of ~0.2arcsec that is matched by a corresponding nominal optical quality. The project was 
initially intended to be of the type proposed by a Principal Investigator only. It later gained the status of Baseline 
Instrument and the first channel (the UB or blue channel and, in terms of optical design and alignment, the more 
difficult of the two) is, at the time of writing, mounted at the prime focus of the LBT telescope awaiting final 
alignment. Soon it will have the honor of detecting the first-light photons collected by the first 8.4m mirror of LBT3. 
 
The LBCs are the result of coordination of three Italian groups managed by the LBC Project Office in Roma. Although 
here emphasis is placed on the optomechanics group, initially based in Padova and later in Arcetri (Florence) where all 
of the related integration was performed, the LBCs would not be a reality without the development of the cryogenics, 
electronic and software for the CCDs and for the data archiving facility, designed and produced by the groups in Roma 
and Trieste respectively. 
 

2. THE OPTICAL DESIGN 
 
The optical design of the LBCs4 is based upon the classical Wynne5 concept of a three all-spherical lens system built up 
using the same optical glass where chromatic aberrations are controlled by having a different size of pupil as a function 
of wavelength in the intermediate lens. The LBT, however, is a fast telescope and with its parabolic F/1.14 primary 
mirror it represents, without question, the most challenging Prime Focus corrector design. It is well known that a 
hyperbolic primary, typical of a Ritchey-Chretienne telescope, is easier to comply with a Prime Focus station rather 
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than a parabolic one of the LBT. Moreover, the fast focal ratio and the large size of the primary mirror makes the need 
for further lenses (we concluded with a corrector design composing of 6 lenses compared to the 3 lens classical recipe 
by Wynne, although one of the lenses is the cryostat window), an aspheric surface that is on the concave surface of the 
third lens by size, although retaining the single glass solution throughout.  
 

 

 
Fig. 1 The drawing of the Prime Focus Blue Channel. A classical Wynne-like solution was used with the largest lens as big as 
800mm in diameter and an aspheric surface.  

 
It is interesting to note that this approach is a little different from the only other existing example of a fast prime focus 
corrector for an 8m class telescope, that of the SuprimeCam6 imager on the Subaru telescope, where various glasses 
were adopted. It is remarkable, in fact, that in our design we successfully wanted to introduce the U band with high 
throughput, in contrast to the Subaru choice6, and that the larger size of our lenses, due to the faster focal ratio but 
approximately the same FoV, made the choice of glasses different from, for example, Fused Silica, limited for optics of 
this size. We produced ~170 substantially different optical designs for the camera, some of these including CaF2 optics, 
prior to selection of the final optimum version. Some versions of the design employed an even larger front lens than the 
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one eventually employed (810mm in diameter). The more complex blue channel was first designed and only afterwards 
was a twin version optimized for the red wavelength region produced. In reality the two designs are very similar except 
for the replacement of Fused Silica with BK7.   
 

 
Fig. 2 Images showing the two phases of the 810mm lens production: before (top) and after (down) the slumping procedure that 
produces the meniscus shape of the glass. The blank was produced by Corning (USA).  

 
The CCD detector and dewar is described elsewhere7and is only summarized here. It is based on two sets of four 4k x 
2k EEV CCDs, 13.5µm squared pixel size each, buttable and arranged in one array (three chips row and a further one 
arranged in an orthogonal configuration) leading to an approximate 6k x 6k focal plane layout. Given the large size of 
the focal plane and the extreme speed of the camera (we expect to have saturation because of sky background, in dark 
moon nights, on timescales of the order of minutes), the LBCs are expected to produce large amounts of data every 
night8. An automatic archiving system driving a jukebox of DVDs therefore forms part of the instrument9. 
 

3. THE OPTOMECHANICS INTEGRATION 
 
We integrated in total five out of the six lenses of the Blue channel in the clean room located at the bottom of the Solar 
Tower of the Arcetri Astrophysical Observatory. The hub was lifted and mounted on a handling device that allows for 
complete rotation of the instrument as it is expected during normal operations on the telescope10 (please refer to Fig. 3). 
With the unit securely bolted in the vertical position we defined the optical axis with respect to that which we aligned 
all previous optical elements to, that is the one defined by the mechanical axis of the derotation bearing. In this way we 
absorbed any errors in the mechanical mounting of the bearing in the hub and in the bearing itself. Once a new lens is 
mounted in place this will slightly deflect the laser beam materializing the mechanical axis of the bearing we took care 
to propagate such an error in order to ensure that the overall misalignments are within the error budget expected for the 
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instrument. This translates into tolerances that are different from lens to lens: we reviewed them after assessing the 
actual tolerances of mounting for each optical element. 
 

  
Fig. 3 The picture on the left shows the hub manufactured by Tommelleri (Verona-Italy) during the flexure and displacement testing. 
The picture on the right was taken during the final preparations for the mounting of big lens (an extremely delicate process). 

 
 

  
Fig. 4 The image on the left shows the Prime Focus ready to leave Italy in its special, spring-cushioned, container. On the right the 
Prime Focus is attached to a crane, during the lifting from the lower floor of LBT to the observation’s deck proper to installation at 
the telescope prime focus. 

While the smaller lenses were handled and mounted ‘by hand’ this was not possible for the gigantic 800mm diameter 
front lens and, therefore, the handling procedure for this element requires special mention. This lens, actually, is 
probably one of the larger in the world of Fused Silica and anyway one of the largest lenses at all used in astronomical 
devices. Due to the high cost and long lead time required to obtain the blank and then to polish it we received ahead of 
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time a dummy lens from the manufacturer of the same physical size and, with a certain accuracy, the same weight and 
barycenter position. We used the latter to verify all the various procedures for packing, shipment, handling and 
mounting of the lens. In this way we assured ourselves of the otherwise risky operation of mounting the real version 
into the hub and, without doubt, the final operation went so smoothly (assembly in less than a day using a hydraulic 
pump for lifting) because of this. 
 

4. TRANSPORTATION AND MOUNTING AT THE TELESCOPE 
 
We had lengthy discussions regarding the method of shipment of the Prime Focus (PF) to the telescope site. The 
options were to dismantle the already aligned and tested PF, for reasons of safety, in particular for the large front lens, 
or to ship the entire unit as a whole, with the benefit of possibly not requiring too much re-alignment on arrival. The 
large front lens is physically placed onto three fixed axial pads and is kept in position by three radial pads. Three 
additional axial pads, each mounted on leverage systems, were dismounted during shipment for safety reasons (sudden 
acceleration could transfer enough momentum to the counterweight to potentially damage the lens itself).  
 

 
Fig. 5 An image of the Prime Focus Camera mounted on the spring arm of the LBT.  

Our preferred solution was to ship the PF unit as a whole on a dedicated box mounted on a system of four damping 
springs, as shown in Fig. 4. The box is airtight and contains a shock recorder to check for any sudden unplanned 
acceleration during the trip. Most of the journey took place by flight. Once at the Mount Graham Observatory site we 
managed to remount the whole handling and alignment tools to check the alignment of the PF optics and eventually to 
adjust it. We found the bigger lens to be slightly decentered, although still marginally in specification, with respect to 
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the situation we recorded before packing the hub. For perfection’s sake we decided to re-align the optics after defining 
the optical axis to be used for the alignment, and the operation took only half a day. 
We were able to mount the hub on the swing arm using a couple of further dedicated handling devices: one with the 
purpose of rotating safely the Prime Focus station in order to correctly align the interface plate with respect to the 
swing arm interface, and the other the Observatory crane used for lifting the PF (as shown in Fig. 4). 
 

5. CONCLUSIONS 
 
We are proud to say the first of the two prime focus units for the LBT, that of the blue optimized channel, is currently 
located at the prime focus awaiting final alignment over the proceeding few weeks. The CCD camera and related 
cryogenic apparatus are currently in Roma awaiting final testing and will be delivered very soon to the mountain site. 
The computer for data archiving, including a multiple DVD writer, is in place in the observing room ready for first light 
data to be written and delivered to astronomers. A few words on the status of the Prime Focus Red Channel: the optics 
are completed and await final acceptance tests while mechanics to enclose them is about to be delivered this coming 
September. We plan integration and alignment over the following months, with final delivery of the PF red channel to 
the Mount Graham site during the early part of next year (2005).  
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