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ABSTRACT 
 

The Large Binocular Camera (LBC) is a double prime focus station to be mounted on the Large Binocular Telescope 
(LBT). The two channels, called Blue and Red, are optimized for the UB and VRIZ bands respectively and are 
characterized by two optical correctors with very fast focal ratio (F/1.45) and challenging optical and mechanical 
specifications. We present here a review of the optical and mechanical design of both the optical correctors and report 
on the current status of the manufacturing and integration. 
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1. INTRODUCTION 
 

The Large Binocular Camera1 (LBC) is the unique wide-field imaging instrument on the Large Binocular Telescope2 
(LBT). It is composed by two stations at the prime foci of the LBT 8.4m mirrors. The two channels are optimized for 
different wavelength ranges: the U, B bands (Blue channel) and the V, R, I, Z bands (Red channel). Thanks to the large 
telescope diameter and the very fast final focal ratio (F/1.45), this double instrument will allow fast and deep imaging of 
wide-field astronomical targets3, over a Field of View (FoV) of approximately 30’ in diameter. Furthermore, since the 
two mirrors are mounted on the same pointing system, it will be possible to observe the same target simultaneously at 
different wavelengths, improving the operation efficiency.  

The prime focus configuration requires an optical corrector to compensate the aberrations introduced by the primary 
mirror, which is optimized to yield good image quality when combined with the secondary.  In this sense the choice to 
have two correctors optimized for different wavelength ranges makes the design task slightly easier, because the 
achromaticity requirements on each channel are somewhat relaxed. 

In this paper we describe the optical and mechanical design of the Blue and Red channel correctors, along with the 
specifications and the integration procedures required to achieve the desired image quality. Furthermore we report on 
the current status of the project. A complete description of the instrument is presented at this conference by Pedichini et 
al. 4. 
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2. BLUE CHANNEL 
 

2.1 Optical design 
The main difficulties in the design of a prime focus corrector for LBT are represented by the focal ratio of the primary 
mirror (F/1.14), the large telescope diameter (8.4m) and the parabolic shape of the mirror5. The blue channel design 
(Figure 1) can be described as a modification of Wynne’s approach6. The latter consists of three lenses, basically 
correcting spherical aberration, coma and field curvature. In our design the second and third lenses are split into two 
elements and an additional lens is present with respect to Wynne’s design: it is a positive meniscus with almost no net 
power, representing the window of the cryostat for the CCD. All the lenses are in fused SILICA, which ensures high 
throughput in the wavelength range of interest. The optical surfaces are spherical or plane, except lens 3, featuring an 
aspherical surface on the concave side; this surface is actually ellipsoidic and presents a departure from the best fit 
sphere of ≈0.7mm at the edge. Chromatic effects, large in the wavelength range of interest, are corrected by different 
footprinting on the various lenses, as in Wynne’s design. Geometric distortion is not considered as an aberration, since 
it may be corrected by post-processing. Two filter wheels will be placed between the last two lenses; both narrow and 
broad band filters will be available, including the standard Johnson U, B and V, made of standard Schott glass (UG11, 
BG39, BG12, GG385, GG495) and SILICA. 

 

 

Figure 1. Top: optical prescription data of the Blue channel prime focus corrector. The units are mm. Bottom: 2D layout and solid 
model illustrating the optical design. The distance between the primary mirror (not shown here) and the prime focus corrector may be 
changed in real-time for focusing. The filter thickness is different in the U and B bands. In the design presented here a dummy filter 
made of SILICA has been adopted; the actual filters are made of standard Schott glass plus a substrate of SILICA. With a proper 
optimization of the spacers between the lenses, the filters do not affect the optical quality. 
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The optical design does not include an Atmospheric Dispersion Corrector (ADC), although this feature has been 
studied. This choice is related to the scientific use of the instrument, that is designed to observe in the blue portion of 
the visible spectrum, both in narrow and wide bands. Narrow-band observations are not affected by the atmospheric 
dispersion, which becomes non-negligible only in wide-band light and at large zenith distances, corresponding to large 
airmasses. But in the latter conditions the photometric efficiency is very low, especially in the U band, and it is likely 
that the instrument will not be used at such elevations. Furthermore an ADC would be made of glasses with low 
throughput in the blue and near ultraviolet and it would be desirable to remove it when observing near the zenith, in 
order to have higher efficiency. Of course the ADC should be replaced by an additional lens, to compensate the induced 
aberrations, thus increasing the design complexity. In a few words, an ADC would be useful only when observing at 
large zenith distances, i.e. in a special observing condition, and at the price of an increased complexity. For these 
reasons it has not been implemented. 

The main characteristics of the Blue channel corrector and the optical quality in the U and B bands are reported in Table 
1 and Figure 2. The final focal ratio is slightly larger than the one coming from the primary mirror (F/1.14) and this 
goes in the direction to increase the effective focal length and ensure a proper sampling of the seeing-limited Point 
Spread Function (PSF). The energy concentration of the instrumental PSF is very good: 80% of the energy is enclosed 
in a single CCD pixel (13.5µm in size) both in the U and B bands. In real observations the instrumental PSF is 
convolved by the seeing disk, which is at least 2 or 3 pixels in FWHM, hence the atmospheric effects should 
substantially cancel the instrumental signature. Although the Blue channel has been optimized for the U and B bands, 
the performance is quite good also in the V band, with 80% of the energy within 2×2 pixels. The geometric distortion, 
of pin-cushion type, is always below 1.75% even at the edge of the field. 

 

Focal length F/ Pixel size Unvignetted FoV Throughput Distortion 

12180mm 1.45 0.228″ ≈27′ 84% <1.75% 

Table 1. Main parameters of the Blue channel optical corrector. The actual focal length, taking into account the measured values of 
the lens parameters, is slightly longer, although with no appreciable effect on the plate scale. The throughput considers the internal 
transmission of the SILICA lenses and the coating efficiency; it is an average figure for the U and B bands and does not consider the 
filter transmission. 

 

Figure 2. Energy concentration in the U and B bands. The curves reported here refer to the optical design including the measured 
values of all the lens parameters, after a preliminary optimization of the inter-distances among the optical elements. The horizontal 
and vertical lines denote the energy concentration within one pixel. 
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2.2 Mechanical design 
The mechanical design and structural analysis of the system has been done by ADS-International. The optical properties 
of the prime focus camera and the size of the largest lens impose very tight design and construction specifications. The 
lenses are subject to mechanical deformations induced by gravity loads, depending also on the telescope elevation, and 
thermal loads, due to the different thermal behavior between the glass and the supports. The alignment of the lenses, 
especially the largest one, requires a very stiff design for the structure where the optics are mounted. A similar problem, 
for lenses of comparable size, has already been discussed by Fata and Fabricant7. Finally, the instrument contains 
important mechanisms, namely the field rotator and two filter wheels, all of which demand smooth and play-free 
operation capability. An overall view of the mechanical structure is shown in Figure 3.  

Figure 3. Mechanical model for Finite Elements Analysis. The numbered elements are: 1) External skin; 2) Internal vertical ribs; 3) 
External vertical ribs; 4) External horizontal ribs; 5) Ribs for upper flange; 6) Horizontal Flange no. 1; 7) Horizontal Flange no. 2; 8) 
Horizontal Flange no. 3; 9) Flange over bearing; 10) Vertical flange; 11) Mobile ring for lens no. 2; 12) Derotating unit, modeled 
here as a concentrated mass placed in the center of gravity of the unity; 13-15) Mounts no. 1, 2, 3. 

From the mechanical point of view, excluding the focal plane assembly, the system is basically composed of the 
following sub-systems:  

� Hub 
This is the structural component of the instrument. It allows to connect the lens mounting frames into a single unit, 
on which the field rotator is mounted. The hub is made of steel. The main manufacturing issue of this structure is 
given by the parallelism, concentricity and planarity among all the interfaces for the mounts of the lenses and 
between these and the rotator bearing. Another important feature of the structure is the perpendicularity between 
the interfaces to the spider and the rotator bearing plane. Finally, a ring spacer is foreseen between each lens 
mounting frame and its seat onto the hub. The thickness of such spacers is currently under optimization in order to 
account for the measured parameters of the lenses. This process will end up with nominal spacers, that might be re-
optimized once the curvature radius and the conical constant of the primary mirror will be measured. 

� Lens frames  
Each lens (except lens 6, the cryostat window) is mounted into a frame, which is then connected to the steel hub. 
For the largest lenses (no. 1 and 2)  such a frame is made of INVAR. These two frames are coupled to the hub by 
means of a steel flexure to relieve the differential thermal deformation between the two metals (INVAR and steel). 
The mounting frames of the lenses no. 3-5 are made of steel. Plastic pads will be interposed between each lens and 
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its frame: on lenses 1 and 2 such pads are made of DELRIN (see Figure 4) while for the other lenses the pads are 
made of RTV560. For lens no. 1 a 6-points axial support is necessary to avoid unacceptable deformations at the 
various pointing angles; this 6-points support is accomplished by means of 3 fixed points (pads) and 3 astatic 
levers. For lenses 2 to 5 three axial and three radial pads are sufficient. 

� Derotator 
The field rotator is made by a bearing that holds the entire instrument together with the filter wheels (Figure 5). The 
seat of the bearing makes the reference for the whole instrument optical axis. 

� Filter wheels  
Two wheels are mounted on the field rotator, each one carrying up to four filters (Figure 5). The lower wheel is 
designed to mount permanent Johnson filters, while the upper one allows replacing the filters without dismounting 
the instrument. 

 

Figure 4. Top: overall view of lens no. 1 cell. Bottom: blowup showing soft pads, INVAR frame and spacer ring. 
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Figure 5. Three sub-systems are shown here: the barrel containing the lenses 3-4-5, each one mounted into a separate cell; the 
derotator bearing and the two filter wheels. Each filter wheel has a blank position, so that only one filter is in the optical path. 

 

2.3 Components procurement 
The SILICA blanks (Figure 6) have been produced by Corning, according to very tight specifications. The first 
requirement concerns the refractive index homogeneity, to be kept at a very high level in order to prevent image 
blurring; in practice the best achievable homogeneity has been requested, ranging from 2×10-6 for blank 1 to 1×10-6 for 
blanks 3, 4, 5, 6. The refractive index has been measured by an interferometric test. 

Figure 6. Left: picture of largest SILICA blank, after sagging by heating on a concave support. This sagging process might introduce 
low order aberrations, that should be however corrected by the active optics of the LBT primary mirror. Right: the refractive index 
inhomogeneity has been measured by interferometric tests. Due to its size, the largest blank has been measured in five shots, each 
one covering an area equal to the dashed circles. The index inhomogeneity in the five regions ranges from 9.9×10-7 to 1.7×10-6, 
however smaller than the requested value of 2×10-6. 
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A second important requirement is related to the bubbles, which might scatter the incident light and produce a spurious 
background illumination on the image plane. The most important part in this respect is blank 1, due to its large volume: 
for this element a bubble cross section smaller than 0.25mm2 per 100cm3 of glass has been achieved. With this figure 
the scattered light for a mag = 0 star has a surface brightness of ≈29.2mag×arcsec-2, which has to be added to the natural 
sky background. Assuming a natural sky bightness of 21mag×arcsec-2, the resulting background level is only 
marginally brighter than the natural one. 

Sagem-Reosc is the company in charge of grinding, polishing and coating the lenses. The manufacturing process is 
finished at this writing and all the lenses have been measured. The original optical design of the prime focus corrector 
has been modified in order to match the curvature radii of the spherical lenses to a standard test plate list provided by 
the company; the curvature radii reported in Figure 1 are already the standard ones. Some slight non conformities in the 
manufactured lenses have been reported, for instance concerning the wedges of three lenses out of six. It has been 
verified, however, that such manufacturing errors have a negligible effect on the optical performance. A very important 
topic is the residual reflectivity of the surfaces, related to the coating efficiency (Figure 7). Given the very high internal 
transmittance of the SILICA in the wavelength range of interest, the optical throughput of the instrument will be 
determined essentially by the coating efficiency, excluding of course the transmission of the filters. 

Figure 7. Coating efficiency of lens no. 1 (top: convex surface; bottom: concave surface). In each plot the three curves indicate the 
measured reflectivities at different incidence angles (0°, 15°, 30°), plotted as a function of wavelength; the two horizontal lines 
denote the maximum specified reflectivity for incidence angles of 0° and 30°. 
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The company in charge of the construction of the mechanical components is Studio Tecnico Tomelleri. At this writing 
the mechanical components are under manufacturing, although in a very advanced phase (Figure 8). The manufacturing 
will end up with the testing of the mechanical parts. The tests will aim to check the basic geometrical requirements 
among the outer structure, the derotator unit, the filter wheels and the various lens seats; the correct operation of the 
derotator and its tilt stiffness with respect to the hub structure; the filter wheels capability to reach all the possible 
configurations with the required repeatibility and the full functionality of the filter identification system. 

 

Figure 8. Steel hub, forming the outer envelope of the prime focus unit. 

 

2.4 Integration and alignment 
A clean room is going to be set up at the Astrophysical Observatory of Arcetri for the system integration. Several 
handling tools are being designed and manufactured, including an elevating system to move the lenses in the room and 
lift them into the hub and a complex structure to hold the prime focus unit and test the mechanical and optical alignment 
at various inclination angles.  

A detailed analysis has been performed to assess the alignment tolerances that must be fulfilled in order to have a 
performance degradation (in terms of RMS spot size) within 10% from the nominal value. In this tolerance evaluation 
the distance between the primary mirror and the prime focus corrector has been used as a compensator. In general the 
tolerances become looser and looser towards the image plane. The tightest tolerances are ±0.035mm on the decenter of 
lens no. 2 and ±18″ on the tilt of lens no. 1. The first step in the system alignment is the selection of the optical axis: a 
suitable choice is represented by the mechanical axis of the derotator bearing, which may be materialized by a laser 
beam. Then the optical axis of each lens has to be aligned with the instrument optical axis, keeping the tilt and decenter 
errors within the specified tolerances. As previously described, each lens is mounted into a cell, which is then fixed to 
the hub. The alignment procedure may be split in two separate steps, following the mounting scheme; moreover the 
lenses have to be mounted on the hub starting from the smallest (lens no. 6) to the largest (lens no. 1), with the hub in 
vertical position. The baseline is to mount each lens into its cell on the bench; in this step it can be aligned with respect 
to tilt, measuring the misalignment errors by mechanical methods. Then the cell is fixed to the hub and the tilt 
alignment of the lens with the instrument optical axis should be ensured by the accuracy of the mechanical interfaces. 
The remaining decenter error may be measured and then corrected referring to the laser beam which defines the 
instrument optical axis. In particular the ghost reflections of the laser beam on the lens surfaces produce interference 
effects, as described in Figure 9. The shape of the resulting Newton rings can be used to detect decentering (and also 
residual tilt) errors. Of course the cell containing the lens is fixed to the hub by means of an adjustabile mounting 
mechanism, in order to be able to laterally shift the element and correct the decentering. When the element is aligned, a 
new lens is mounted. The laser beam materializing the optical axis crosses all the lenses mounted up to a given point; in 
this way the misalignment errors are not independent and we may state that the alignment of each lens tends to correct 
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the alignment errors on the previous lenses. The interferometric measurement of the decenter, of course, is sensitive 
also to residual tilt errors and some trial and error might be necessary for proper alignment. 

Figure 9. Ghost reflections of the laser beam off the rear (top) and front (bottom) surface of lens 1. The reflected beams appear to 
originate from two virtual sources and produce interference fringes, whose shape is related to misalignment errors of the considered 
lens with respect to the laser beam direction. 

 

3. RED CHANNEL 
 

3.1 Optical design 
The Red channel corrector is optimized for the wavelength range including the V, R, I, Z bands, with a possible 
extension to the near infrared, up to 1.8µm (J and H bands). Even though the wavelength range of interest is 
approximately 3 times broader than for the Blue channel, the Red design optimization has been somewhat easier, due to 
the lower chromatic dispersion of the glass toward the red part of the visible spectrum. Two glass choices have been 
initially investigated: SILICA and BK7. It should be stressed that neither SILICA nor BK7 ensure optimal transmission 
in the near infrared; on the other hand the main use of the instrument will be in the wavelength range from V to Z band 
and the extension to J and H should be intended as an additional facility. After a careful evaluation BK7 has been 
chosen, due to the slightly better optical performance and the cheaper cost.  

The Red channel design is very similar to the Blue, with 6 lenses (5 spherical and 1 aspherical) and a plane filter (Figure 
10). The extension to the near infrared relies on the possibility to change the last lens while replacing the cryostat for 
the infrared detector. The optical prescription and the main parameters are reported in Figure 10 and in Table 2. The 
focal length, and hence the plate scale, are nominally equal to the Blue channel design. Also the geometric distortion 
has been forced to the same value. The energy concentration at the wavelengths of interest is plotted in Figure 11: it is 
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always well within the goal of 80% of the energy in a single CCD pixel (13.5µm). The same holds for the near infrared, 
although in this case the energy concentration refers to a larger pixel size (18.5µm). 

 

 

 

Figure 10. Top: optical prescription data of the Red channel corrector. Bottom: 2D layout and solid model. 

 

Focal length F/  Pixel size Unvignetted FoV Throughput Distortion 

12180mm 1.45 0.228″ ≈30′ 80-82% <1.75% 

Table 2. Main parameters of the Red channel optical corrector. The throughput considers the internal transmission of the BK7 lenses 
and a preliminary estimate of the coating efficiency; it refers to the wavelength range from V to Z bands. Of course the throughput in 
the near infrared is worse, ranging from ≈50% in J band to ≈30% in H band. 
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Figure 11. Energy concentration in the V, R, I, Z bands for the Red channel optical design. The horizontal and vertical lines denote 
the energy concentration within one pixel. 

 

3.2 Mechanical design 
The mechanical design of the Red channel corrector should not represent a difficult issue. In fact the layout is very 
similar to the Blue channel, considering the size of the lenses, their distances and especially the focal plane region and 
the filter wheels. The main difference is represented by the different thermal behaviour of BK7 compared to SILICA, 
which will require an accurate investigation in order to find the best supporting solution for the lenses. 

3.3 Components procurement 
The BK7 blanks have been provided by Schott. Among the contacted companies, none has proposed a formal quotation 
for the largest blank with the required index homogeneity, i.e. ∆n/n < 2×10-6 as for the Blue channel. An accurate 
analysis has been performed to quantify the impact of the higher index dishomogeneity on the optical quality. It has 
been found that a dishomogeneity of ∆n/n < 5×10-6 might degrade the energy concentration by at most 10%; the final 
quality would be however within our goals. For this reason we have decided to accept a slightly worse index 
homogeneity. At this writing the BK7 blanks provided by Schott are ready for shipping. The measured quality of the 
blanks always fulfills the requirements and, in practically all the cases, is even better than the specifications.  The 
bubble class is always at least B1, corresponding to less than 0.10mm2 per 100cm3 of glass. The contract for the 
polishing and coating will be awarded in a few weeks. 
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4. CONCLUSIONS 
 

The optical corrector of the Blue channel of LBC is in an advanced realization phase: almost all the components are 
ready for delivery and the setup of the integration tools has already started. We expect to integrate the opto-mechanics 
in the last quarter of 2002 and then integrate the whole system together with the other members of the LBC team. 
Concerning the Red channel, the blanks are ready for shipping and the contract for the polishing will be awarded soon.  
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