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ABSTRACT 
 
While this paper is written, the Blue channel of the double prime focus camera for the Large Binocular Telescope is 
being commissioned at the telescope. We report here on the optical alignment of the prime focus corrector, a rather 
challenging activity, due to the tight alignment tolerances and to the size of the lenses. Furthermore we describe the 
current plans about the alignment of the prime focus corrector with the primary mirror of the telescope, which is foreseen 
in the next few months. 
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1. INTRODUCTION 
 
The Large Binocular Camera (LBC)1,2,3 is a fast double imaging camera for the Large Binocular Telescope (LBT)4. It is 
composed of two prime focus stations, optimized for the blue and the red parts of the visible spectrum, characterized by 
two six-lens prime focus optical correctors of considerable size: the largest lens of each channel is 810 mm in diameter. 
The overall focal ratio of the telescope primary mirror with the corrector is F/1.45 and the field of view is approximately 
0.5° in diameter. The optical and mechanical layout of the Blue Channel is shown in Fig. 1. The Red Channel design is 
very similar to the Blue, apart from the adjustments to the optical design required by the different wavelength range and 
from some minor modifications of the mechanics, mainly related to the design of the lenses mountings, which has been 
improved taking into account the experience acquired during the integration of the Blue Channel. The optical quality of 
the two prime focus correctors ensures a nominal energy concentration of at least 80% of the Point Spread Function 
energy within a single detector pixel, characterized by a pitch of 13.5µm, corresponding to approximately 0.23″ on the 
sky. This energy concentration refers to the intrinsic optical quality and does not take into account the seeing effects, 
which should dominate the final instrument response.  
The decenter and tilt alignment tolerances (Tab. 1) were computed for a tolerable degradation of the nominal energy 
concentration equal to 10%. The degradation was equally distributed among the various error sources, assumed to be 
uncorrelated, and the acceptable errors were computed by an inverse sensitivity analysis, in which each tolerance was 
adjusted to fulfill the assigned performance degradation. In order to have a better statistical characterization of the 
tolerances, several Monte Carlo runs were performed, perturbing all the optical elements together accordingly to the 
computed tolerances, with perturbations following a pseudo-random normal distribution with 0 mean. The outcome of 
these tests was a degradation not larger than 10% in 50% of the cases and not larger than 20% in 90% of the cases. The 
tolerances reported in Tab. 1 were computed assuming no compensator for the optical quality. Actually, during the 
alignment of the prime focus unit with the telescope primary mirror, it is possible to adjust both the decenter and the tilt 
of the prime focus corrector by large amounts, using the mechanisms in the interface between the prime focus and the 
spider; furthermore, during the ordinary telescope operation, it will be possible to perform a fine tuning of the alignment 
by adjusting the position of the primary mirror, on the basis of the wavefront measurements provided by the image 
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analysis facility on board of the LBC. When these compensators are taken into account, the alignment tolerances become 
much looser, especially those concerning the two largest lenses, approximately one order of magnitude looser. Despite 
this, the tight tolerances reported in Tab. 1 were adopted as executive tolerances for the design and construction of the 
mechanics and also as a goal for the optical alignment. 
The lenses were aligned with respect to the mechanical axis of the derotator bearing (Fig. 1), the most stable and reliable 
reference in the system, which was materialized by a laser beam through an external setup that was checked and adjusted 
at every crucial step of the alignment. The adjustment of the lenses with respect to this laser beam was performed, in 
general, looking both at the beam produced by the spurious reflections on the lenses and at the transmitted beam, with 
the exception of lens 1. The details of the laboratory alignment operations are presented in Sec. 2, while the current plan 
for the alignment of the prime focus unit to the primary mirror is described in Sec. 3. 

 
Fig. 1. Section of the optical and mechanical layout of the Blue Channel prime focus corrector. The upper part, including 
the filters wheels and the cryostat with the detector, is mounted on the field derotator. Each lens is enclosed into a cell, 
provided with radial and axial screws which allow the adjustment of the decenter and tilt, as long as the fixing screws are 
not tightened. 
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Lens Decenter Tilt 
L1 ± 0.04 mm ± 0.004°   (± 14″) 
L2 ± 0.03 mm ± 0.008°   (± 29″) 
L3 ± 0.04 mm ± 0.008°   (± 29″) 
L4 ± 0.18 mm ± 0.032°   (± 114″) 
L5 ± 0.09 mm ± 0.009°   (± 32″) 
L6 ± 0.55 mm ± 0.124°   (± 446″) 

Tab. 1. Alignment tolerances of the prime focus corrector lenses, computed assuming no compensator. 

 

2. LABORATORY ALIGNMENT 
 
For the integration and alignment purposes, the prime focus corrector was attached to a metallic handling frame (Fig. 2), 
using the fixation points in the interface to the telescope spider. An auxiliary optical setup was realized on an optical 
bench, placed aside the handling frame (Fig. 2 right and Fig. 3), with the purpose to identify the optical axis for the 
alignment and to collect the beam generated by the spurious reflections on the lens surfaces, used as alignment 
observable.  
 

    
Fig. 2. Left: handling frame (white) to which the prime focus corrector was suspended for the integration and alignment 
of the lenses. Right: prime focus corrector mounted on the handling frame; in the foreground the optical bench with the 
alignment setup. 

The lenses were mounted and aligned starting from lens 5, the upper one. The lens 6 is actually the cryostat window and 
no particular alignment was foreseen for it, being the mechanical mounting precision enough to fulfil its loose alignment 
tolerances (Tab. 1). The lenses 5, 4 and 3 were placed in position by hands, while lens 2 and lens 1 by means of a trolley 
with a hydraulic jack. In particular a complicated procedure was followed for lens 1, which was packed upside down in 
its container. The details of these operations are beyond the scope of this paper.  
A three steps alignment procedure was followed for each lens: 
− Optical axis definition 
− Lens mounting and alignment 
− Optical axis check 
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Each lens was considered to be aligned only if the axis after the alignment was sufficiently close to the axis before. It 
was realized that with the larger lenses, in practice starting from lens 3, the weight of the lens with its cell was enough to 
perturb the optical axis. For this reason, a set of dummy weights was prepared and a proper number of them temporarily 
mounted on the prime focus unit in order to simulate the weight and load distribution of the lens with the only purpose to 
determine correctly the optical axis. 

2.1. Optical axis definition 
The auxiliary setup for the definition of the reference axis (Fig. 3) included first of all a laser source (wavelength  
λ = 0.6328 µm), provided with a spatial filter and a collimator, followed by a variable diaphragm, which could be 
adjusted to have a beam diameter ranging from few millimetres to approximately 25 mm. The collimated beam crossed a 
cube beam-splitter and was folded upwards by two adjustable folding mirrors, then it was deviated by two more flat 
mirrors fixed to the handling frame. In particular, the last mirror was provided with a tip-tilt adjustment to tune the 
direction of the laser down to the prime focus unit (Fig. 4 left and center). A metallic plate was placed on the rotator, 
fixed to the platform for the mounting of the cryostat, not installed during the integration of the optics; this plate 
supported a flat mirror, provided with XY and tip-tilt adjustment: the XY had the only purpose to prevent the beam from 
being vignetted by the edge of the mirror, while the tip-tilt was used to adjust the parallelism of the mirror to the rotator 
plane. This mirror will be referred to as XYαβ mirror hereafter. The beam reflected by this mirror back to the optical 
bench was deviated by the cube beam-splitter mentioned above and folded towards a lens (focal length f = 750 mm), 
which focused it onto a CCD (1000 × 1000 format, pixel pitch = 8 µm), after some gelatine neutral density filters 
attenuating the light intensity. The XYαβ mirror had the purpose to materialize the rotator plane; if the mirror was not 
co-planar to the bearing, then rotating the latter it was possible to see the focused spot moving on the detector. The 
positions of the spot corresponding to two rotator angles 180° apart were recorded and the middle point computed; then 
the tip-tilt of the XYαβ mirror was adjusted so that the return beam was focused on the middle point itself. By iteratively 
performing these two operations, i.e. measuring the spot coordinates on the CCD for two rotator angles 180° apart one to 
each other and then adjusting the tip-tilt of the mirror aiming at the middle point, it was possible to achieve a condition in 
which the spot was not moving, meaning that the XYαβ mirror was co-planar to the rotator. At this point a corner-cube 
(Fig. 4 right) was placed on the XYαβ mirror mount, with the purpose to retro-reflect the light beam parallel to its initial 
direction; if the back-reflected spot on the CCD was displaced from the position occupied by the spot reflected by the 
XYαβ mirror, it was meaning that the beam was not orthogonal to the rotator plane. The step to perform at this point was 
to record the position of the spot, remove the corner-cube and adjust the tip-tilt of the last folding above the XYαβ 
mirror (Fig. 4 center) until the spot reflected by the XYαβ mirror was superimposed to the position of the spot produced 
by the corner-cube. What has been outlined above is a two-step procedure (adjusting the planarity of the XYαβ mirror 
and adjusting the beam direction to aim at the “initial” direction materialized by the corner-cube) which was iterated 
until the XYαβ mirror was parallel to the rotator plane and the beam incident on it was orthogonal to the rotator plane 
itself. In this way, the laser beam was parallel to the rotator axis. The accuracy with which this operation could be 
accomplished was very high: considering that the spots produced by the corner-cube and by the XYαβ mirror could be 
superimposed on the CCD with an accuracy of 1 – 2 pixels, the axis direction turned out to be identified with a precision 
of few seconds of arc, much better than the tightest tilt alignment tolerance reported in Tab. 1, corresponding to lens 1. 
After adjusting the axis parallelism, the center of rotation of the bearing had to be determined. The f = 750 mm lens on 
the bench was removed and a plate with a hole of few millimetres in diameter was placed on the XYαβ mirror. What 
was observed at this point on the CCD was the diffraction pattern of the hole in the plate. The bearing was rotated by 
180° back and forth, recording the spot coordinates on the CCD for each position angle of the rotator; the middle 
position identified the center of rotation of the bearing. Several determinations of the center were performed and the 
center estimate was finally evaluated by averaging all the measurements. At this point the laser beam was parallel to the 
rotation axis and the coordinates of the center of rotation projected onto the CCD were known. This point on the CCD 
represented the reference for the alignment of the lenses. It could be necessary (not always, as it will be explained later) 
to shift laterally the laser beam, by adjusting the diaphragm position, until the axis of the laser beam actually passed 
through the center of rotation of the bearing. This operation was accomplished looking at the beam reflected by the 
XYαβ mirror and positioning the spot on the rotation center previously identified on the CCD; although the beam was 
not focused, it was possible to determine its centroid looking at the central diffraction maximum with an accuracy of the 
order of one pixel, i.e. smaller than the tightest lens centering tolerance by a factor of approximately 3. 
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Fig. 3. Alignment setup on the optical bench. The laser beam passing through the diaphragm was bent upwards by the 
two folding mirrors in the background, going to other folding mirrors which bent it to the prime focus corrector. The 
return beam (reflected by the corrector lenses or by the auxiliary mirror placed on top of the prime focus corrector) was 
deviated to the right by the cube beam-splitter and folded to the CCD. The lens in the return path was used only for the 
definition of the optical axis parallelism. 

     
Fig. 4. Left: the laser beam folded upwards in Fig. 3 was folded again by the two 45° mirrors shown in the upper part of 
this picture, so that it run parallel to the prime focus axis (vertical in this picture). The left picture shows also the upper 
part of the instrument mechanical structure, rotated by the bearing to compensate for the field rotation. During the axis 
definition phase, a plate was placed on the rotator, with a flat mirror on it (see also center picture), which reflected the 
laser beam back to the optical bench. The axis definition procedure required also a corner cube (right picture), which 
retro-reflected the laser beam on itself. 

XYαβ mirror 
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The setup for the optical axis determination was characterized by extensive tests. Some of these had the purpose to assess 
the positioning repeatability of certain components, like the neutral density filters or the lens on the bench, which had to 
be moved and re-positioned several times during the axis definition procedure. Another class of tests was dedicated to 
the characterization of the clean room environment; for this purpose, long series of measurements of the spot position 
were run overnight with various setup configurations, either with or without the f = 750 mm lens on the bench. The main 
outcome of these tests was an RMS stability of the optical axis direction and center of σT ≈ 2″ and σC ≈ 8µm 
respectively. Both these figures were much smaller than the tightest alignment tolerances of the prime focus lenses, 
although this stability was achieved after some efforts: for instance it was necessary to “link” in some way the optical 
bench to the handling frame, by means of various supports and chains.  

2.2. Alignment observables 
After the axis definition, the plate holding the XYαβ mirror and the f = 750 mm lens on the bench were removed; the 
laser beam entering the prime focus unit was partly reflected by the glass/air interfaces and partly transmitted. The 
reflected beam (Fig. 5 left) was collected by the CCD on the optical bench, which will be referred to as CCD1 in the 
following. The transmitted beam formed an out-of-focus spot below the prime focus unit, which was recorded by a 
second CCD (referred to as CCD2 in the following). 
 

  
Fig. 5. Left: upper part of the prime focus corrector. When the plate with the flat mirror shown in Fig. 4 was removed 
after the axis identification procedure, the laser passed through the lenses; part of the light was reflected by the surfaces 
of the lenses and returned to the optical bench, where it was projected onto a CCD; part of the light was transmitted and 
the spot was observed on a second CCD, placed below the prime focus corrector unit (right picture). The bar holding this 
CCD was kept in a very repeatable position by means of kinematic stops, one of which is visible in the lower right part 
of the picture. 

The alignment observable on CCD1 was the position of the diffraction pattern produced by the reflection of the laser 
beam on the lens. The reflected spot position was sensitive to the decenter and tilt of the lens, although the sensitivity to 
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a “unit” misalignment changed from lens to lens and even from one surface to the other of the same lens. This observable 
was not enough to constraint the alignment of a given lens, because the lens surfaces were spherical or plane (with the 
exception of the concave surface of lens 3, a conic section) and a spherical or plane surface has no preferential optical 
axis: a tilt can always be compensated by a decenter and vice-versa, so that the single surface appears aligned (and it is in 
fact), but the whole lens is actually misaligned. The situation is illustrated in Fig. 6 in an extreme case. The position of 
the spot formed on CCD2 by the transmitted beam was the second required observable: in fact when a decenter was 
applied to the lens to compensate for the tilt, the decenter itself produced an observable spot displacement on CCD2. The 
spot position on CCD2 was almost insensitive to the lens tilt, at least for small misalignments: in general a lens tilt may  
introduce aberrations in the transmitted wavefront, but the chief ray direction and the image position are not affected at 
least to a first approximation. 
 

 
Fig. 6. Left: a laser beam enters the prime focus lenses going from left to right; the reflection on the second surface of 
lens 2 is considered here. The lens has an over-exaggerated tilt of 5°: the reflected beam is deviated and projected onto 
the image plane in a “wrong” position. Right: the lens is also decentered by approximately 45 mm and the reflected beam 
retraces the initial path and is projected in the “correct” position on the observation plane. This means that, even though 
the lens is severely misaligned, the spot reflected by the second surface looks acceptable. 

An important issue was represented by the fact that the position of the spots formed by the reflected and by the 
transmitted beams on the two CCDs was sensitive to the diaphragm centering: if the laser beam was moved laterally, 
both the reflected and the transmitted beam on the two CCDs moved, so the decenter of the laser might be wrongly 
interpreted as a lens misalignment. For this reason it was very important that, during the axis definition procedure, the 
diaphragm defining the centering of the laser beam was properly adjusted. In the case of lens 5 (the first lens aligned), 
this operation was accomplished by superimposing the spot reflected by the XYαβ mirror onto the position on CCD1 
corresponding to the center of rotation of the derotator bearing. After removing the plate holding the XYαβ mirror, the 
beam passing through the prime focus unit with no lens mounted defined the reference position also on CCD2. In the 
case of lens 4, the diaphragm was centered before mounting the lens itself in a way to superimpose the spot transmitted 
by lens 5 on CCD2 to the old reference used for the alignment of that lens. At this point, the centroid of the spot reflected 
by L5 on CCD1 was taken as the reference on that CCD for the alignment of lens 4. For lens 3, the diaphragm 
adjustment was accomplished before mounting lens 3 in a way to reproduce on CCD1 the same spot configuration 
existing during the alignment of lens 4; then the centroid of the spot formed by the transmitted beam was used as the 
reference for CCD2. A similar procedure, i.e. adjusting the diaphragm centering in order to reproduce the alignment of 
the “previous” lenses, was followed for lens 2. Once the reference positions on the two CCDs were defined, the 
alignment of each lens was accomplished by adjusting iteratively the lens centering, looking at the spot position on 
CCD2 (transmitted beam), and the lens tilt, looking at the spot on CCD1 (reflected beam).  
The sensitivity of the spot position on the two CCDs to a “unit” misalignment was different from lens to lens and, in the 
case of the reflected beam, also from one surface to the other of the same lens. For this reason, all the possible 
configurations were modeled by a ray-tracing program and analyzed to find the various “sensitivity factors”. Just to 
make some practical examples, the reflection on the lower surface of lens 3 (“lower” refers to the situation with the 
prime focus unit vertical, lens 5 on top) was modeled with a “perfect” laser beam crossing the lenses 5 and 4 assumed to 
be perfectly aligned, then entering lens 3, propagating through it and then reflected by a mirror representing the lower 
surface of lens 3; after the reflection, the beam was back-propagated through the lenses 3, 4 and 5 and finally projected 
onto the CCD1. The lens 3 was then decentered or tilted by an amount equal to its tolerance and the corresponding spot 
displacement on the detector was computed. This kind of computation was done for each glass/air interface; actually, for 
each lens, the reflection due to the surface producing the more concentrated spot (i.e. the beam with the smaller 

Proc. of SPIE Vol. 5492     519

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 07/14/2015 Terms of Use: http://spiedl.org/terms



numerical aperture or higher surface brightness) was considered. A similar approach was followed for the transmitted 
beam. For instance, to convert the tolerances of lens 3, a model was built with the “perfect” laser beam incident on the 
upper surface of lens 5, transmitted through the lenses 5, 4 and 3 and finally getting on the image plane. The “previous” 
lenses (5 and 4 in this example) were assumed to be perfectly aligned. Then the decenter and tilt tolerances were applied 
to lens 3 and the spot centroid displacement on the image plane was recorded. In this way the tolerances in Tab. 1 were 
converted into observable errors, expressed in pixels, on the two CCDs, for both decenter and tilt (see Tab. 2). The 
results confirmed that the spot displacement in the transmitted beam was much more sensitive to decenter than to tilt, 
with the exception of lens 1, for which however the effect of the alignment tolerances was not appreciable on the 
transmitted beam. From time to time, the computed sensitivity factors were verified, measuring the spot movement on 
the CCD1 for a known amount of decenter or tilt applied to the lens by acting on the adjusting screws. 
 

Lens  Decenter Tilt 
Reflected beam 66 138 L5 
Transmitted beam 57 5 
Reflected beam 213 434 L4 
Transmitted beam 23 1 
Reflected beam 146 67 L3 
Transmitted beam 24 <1 
Reflected beam 9 22 L2 
Transmitted beam 4 1 
Reflected beam 26 22 L1 
Transmitted beam <1 <1 

Tab. 2. Alignment tolerances propagated on the two CCDs (reflected and transmitted beam) and expressed in pixel units. 
For the reflected beam, only the surface giving the more concentrated spot was considered for each lens. 

 
Fig. 7. A laser beam is incident on a lens (the lens 5 is shown in this example). The Newton rings are due to the 
interference between the two beams reflected at the air/glass (top) and glass/air (bottom) interfaces. Each back-
propagated beam may be associated to a point source. In this example the source associated to the first reflection is 
virtual. While the total intensity of the two sources is comparable, the numerical aperture of the two beams is very 
different. This translates into a different surface brightness on the observation plane for the two beams. Bottom right: 
Newton rings projected onto a paper screen with all the lenses mounted and aligned. The picture was taken by a digital 
camera and converted to inverse gray scale. The concentricity of the bright central spot (dark gray in the picture) and the 
rings pattern is the proof of the alignment of the lenses. 
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The only exception to the approach described before was represented by lens 1, which was aligned looking at the 
Newton rings produced by the interference between the back-reflected beams. On the other hand, for this lens, the effect 
of the “unit” tolerances on the transmitted beam was not observable in practice (Tab. 2). In general the Newton rings for 
a single lens (Fig. 7) are produced by the interference between the beams reflected by the two outer surfaces of the lens. 
The rings produced by a misaligned lens are distorted in shape or even open arcs and their center is displaced from the 
reference position. The Newton rings represent in principle a very powerful observable for the alignment of the lenses. A 
nice property is that their shape and position does not depend on the actual centering of the laser beam, only the 
brightness distribution may be affected. Unfortunately, with the notable exception of lens 1, it was not possible to exploit 
this possibility. In fact with the first lenses no Newton rings pattern was clearly observable; this was attributed to the fact 
that the beams reflected by the surfaces of these lenses had a different numerical aperture, i.e. a too different surface 
brightness onto the observation plane, translating into a very low fringe contrast. With the last lenses, instead, several 
ring patterns appeared, but it was difficult to assess from which lens they originated: in fact, any couple of reflected 
beams could in principle interfere, even generated by different lenses, and this complicated the interpretation of the 
results. In the case of lens 3, for instance, a ring pattern appeared, most likely due to the interference between the beams 
reflected by the lower surface of lens 3 and the upper of lens 5. In the case of lens 1 a ring pattern clearly due to this lens 
appeared, superimposed to the rings pattern generated by the previous surfaces. Some features on the observation plane 
could be associated with no doubt to lens 1: these features were disappearing when the light beam was blocked between 
lens 2 and lens 1 and, furthermore, they were moving on the screen when the lens 1 was moved. It was not absolutely 
sure, however, if these features were due to both the surfaces of lens 1 or just to one surface; in the worst case, it could 
happen that only one surface of lens 1 was actually going to be aligned. However, in the particular case of lens 1, the two 
surfaces were almost concentric, so the problem depicted in Fig. 6 would have been almost negligible. As a final remark 
it should be stressed that, although the tight tolerances listed in Tab. 1 were taken as target tolerances for the alignment, 
the actual tolerances are relaxed by about an order of magnitude for this lens when the compensators described in Sec. 1 
are considered.  

2.3. Alignment results 
During the lens alignment, an error budget was compiled, in order to estimate the alignment errors and the corresponding 
optical quality degradation. In general four error sources were considered for each lens, for both the decenter and tilt: 
− Positioning error, represented by the distance between the final spot position on the CCD and the reference position 
− Reference choice error, related to the centering of the laser beam by the diaphragm adjustment 
− Axis uncertainty error, estimated by the optical setup characterization tests 
− Effect of misalignment of the “previous” lenses, affecting the propagation of the laser to the considered lens 
Concerning lens 1 only, the positioning error was estimated by turning the adjusting screws by the amount required to 
perturb visually the Newton rings pattern; knowing the screw step, this method allowed the setting of a direct upper limit 
to the misalignment errors. In general the error contributions listed above were expressed in various units, for instance 
the positioning error in pixels. So it was necessary to convert these values in physical units (millimeters for decenter and 
seconds of arc for tilt). This was done using ray-tracing models, following an approach similar to the one described 
above to convert the alignment tolerances into observable displacements on the CCDs. Finally, summing in quadrature 
the various error contributions for each lens, an error budget table was compiled (Tab. 3), from which it can be seen that 
all the lenses were aligned within the specifications.  
 

LENS Decenter Tilt 
 Specification Real error Margin factor Specification Real error Margin factor 
L5 0.090 mm 0.010 mm ≈ 9 32.4″ 2.9″ ≈ 11 
L4 0.180 mm 0.029 mm ≈ 6 114.2″ 11.9″ ≈ 10 
L3 0.040 mm 0.018 mm ≈ 2 28.8″ 15.6″ ≈ 2 
L2 0.030 mm 0.028 mm ≈ 1 28.8″ 22.5″ ≈ 1 
L1 0.040 mm 0.025 mm ≈ 1.5 14.4″ 9.0″ ≈ 1.5 

Tab. 3. Summary of alignment results. For each lens the decenter and tilt specifications are compared to the estimated 
alignment error and the margin factor is reported, given by the ratio of the required accuracy to the estimated error.  
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3. TELESCOPE ALIGNMENT 
 
After the shipment to the LBT observatory, the prime focus alignment has been checked again at the telescope premises. 
The lenses were still aligned, only a small adjustment of lens 1 was done. Then the prime focus unit has been mounted 
on the spider at the focus of the 8.4 meters parabolic mirror of LBT (Fig. 8). The next step will be the alignment of the 
prime focus corrector to the primary mirror. The current foreseen alignment plan is described in the following. 
The first step will be the identification of a reference axis. A reasonable choice is the mechanical axis of the Gregorian 
focus rotator, placed in the central hole of the primary mirror. This axis will be materialized by a laser beam projector, 
mounted at the center of the bearing and illuminating two CCDs: one placed very close to the laser source, the other 
placed at the level of the prime focus spider. The lower CCD will be mounted on a magnetic holder, so that it can be 
removed and re-positioned easily with high repeatability. As long as the laser beam is not coincident with the rotator 
axis, the projected spot moves on the two CCDs when the bearing is rotated; in particular the lower CCD is more 
sensitive to the laser decenter, the upper one to the tilt. By iteratively adjusting the decenter and the tilt of the laser, the 
beam shall be aligned to the rotator axis. 
 

   
Fig. 8. At the moment of this writing, the prime focus unit has been successfully installed on the spider above the LBT 
primary mirror #1. The interface between the prime focus and the spider allows the adjustment of the instrument 
decenter and tilt with respect to the mirror and of the axial position as well.  

After materializing the rotator axis by the laser beam, the prime focus unit shall be aligned to this beam, by adjusting the 
interface between the prime focus unit and the spider. The alignment observable for the decenter might be the position of 
the laser spot transmitted by the prime focus lenses and projected onto a technical CCD placed on the prime focus unit 
derotator: as the latter is rotated, the movement of the spot gives an indication of the beam decenter. Concerning the tilt, 
it might be effective to look at the Newton rings formed by the beam back-reflected by the prime focus lenses and 
projected onto an observation screen. As usual the adjustment of the decenter and tilt shall be performed iteratively.  
Having aligned the prime focus unit to the Gregorian rotator axis, the next step shall be the alignment of the primary 
mirror to the prime focus unit, by acting on the degrees of freedom of the primary. Of course this procedure assumes that 
the mirror optical axis is already close enough to the Gregorian rotator axis, at least within the primary mirror adjustment 
range. The preliminary measurements on the mirror seem to confirm this hypothesis; however, if this condition will not 
be fulfilled, it will be necessary to align the prime focus corrector to the mirror by moving again the prime focus unit at 
the level of the interface with the spider, of course loosing the alignment with the Gregorian rotator axis. 
Apart from these issues, which are essentially unknown yet, the misalignment between the prime focus unit and the 
primary mirror will be detected by projecting a collimated laser beam from the prime focus down to the mirror (Fig. 9 
left), using a laser projector attached to the field derotator on board of the prime focus; as the bearing will be rotated, the 
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laser beam will describe a circular trajectory on the primary mirror and the reflected beam will enter the prime focus 
describing a certain trajectory on a technical CCD placed on the rotating part of the prime focus itself. Two simulated 
cases are shown in Fig. 9 (right), corresponding to a relative decenter between the mirror and the prime focus of 
respectively 0.7mm and 0.07mm, the latter being the alignment tolerance computed without using the mirror tilt to 
compensate the effect of the decenter itself. Similar circular trajectories are obtained in the case of a relative tilt between 
the prime focus unit and the primary mirror. Finally, if the mirror tilt is adjusted to compensate a given decenter and 
minimize the amplitude of the spot movement on the detector, then the trajectory assumes an elliptical shape. From this 
discussion it is clear that it will be very difficult to disentangle the decenter and the tilt contributions on the basis of the 
procedure described here only. It should be stressed however that the cancellation of the decenter and tilt is not actually 
necessary. In fact the goal of the alignment procedure should be to bring the prime focus unit and the primary mirror in a 
condition of relative misalignment such that, exploiting the degrees of freedom of the primary mirror driven by the 
wavefront sensing unit on board of the prime focus camera, it will be possible to obtain an acceptable image quality. Just 
to make an example, if the mirror and the prime focus are decentered by 4 mm, then tilting the mirror by approximately 
86″ the optical quality degradation does not exceed 30%. 

 
Fig. 9. Left: conceptual optical setup for the alignment of the prime focus unit to the primary mirror. A collimated laser 
beam is projected downwards to the primary mirror by means of a projection system mounted on the rotating part of the 
prime focus unit. This beam actually mimics the wavefront from a star at infinity, looked at through a diaphragm much 
smaller than the telescope aperture. The beam is reflected by the parabolic mirror to the prime focus corrector and finally 
focused onto a detector mounted on the rotating part of the prime focus. As the bearing rotates, the incidence point of the 
beam on the primary mirror describes a circle and the spot on the detector moves on a kind of “orbit”, whose size and 
shape is related to the misalignment of the primary mirror with respect to the prime focus unit. Two cases are shown in 
the right part of the picture, corresponding to different amounts of decenter (0.7mm and 0.07mm respectively). The 
trajectory becomes smaller and smaller as the decenter decreases. 
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As a final remark, it should be stressed that all the operations described above aim at the alignment of the decenter and 
tilt of the optics. The problem of the spacing adjustment, both internal to the prime focus unit and of the prime focus 
relative to the primary mirror, has not been mentioned so far. Concerning the spacing errors among the lenses within the 
prime focus corrector, the tolerances are typically of the order of ±0.1 mm or looser, with the exception of the tolerance 
on the distance between the last lens and the detector which is approximately two times tighter. These tolerances are 
expected to be fulfilled by construction and the measurements performed after manufacturing confirm this expectation. 
Three degrees of freedom will be available for the focus compensation: the global position of the prime focus unit, 
adjustable at the level of the interface with the spider, the movement of lens 2 inside the unit and, finally, the movement 
of the primary mirror, which will be used in particular during the observations. All the focus adjustments will take place 
in night-time, observing a star, after the day-light alignment operations. 
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