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ABSTRACT 

In this article activities on the Optomechanics of the Prime Focus Red Channel alignment are described from the moment 
in which the instrument left Italy to be shipped to LBT site to the moment in which it has been successfully placed on the 
second LBT arm. An overview is given, starting from the realization of a "clean laboratory" at LBT, going through the 
alignment check and finally with the mounting operations of the instrument at the telescope and its alignment with the 
"second eye" primary mirror, with tolerances good enough to perform the fine alignment on the sky with the telescope 
Active Optics. 
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1. INTRODUCTION 
The Large Binocular Camera (LBC) is the double optical imager installed at the prime foci of the Large Binocular 
Telescope. LBC is composed by two separated large field (27 arcmin FOV) cameras, one optimized for the UBV bands 
and the second for the VRIZ bands. An optical corrector balances the aberrations induced by the fast parabolic primary 
mirror of LBT, assuring that the 80% of the PSF encircled energy falls inside one pixel for more of the 90% of the field. 
Each corrector uses six lenses with the first having a diameter of 80cm and the third with an aspherical surface. Two 
filter wheels allow the use of 8 filters.  

The two channels have similar optical designs satisfying the same requirements, but differ in the lens glasses: fused silica 
for the "blue" arm and BK7 for the "red" one. The two focal plane cameras use an array of four 4.5x2 K optimized for 
the maximum quantum efficiency (85%) in each channel. The sampling is 0.23 arcsec/pixel. The arrays are cooled by 
LN2 cryostats assuring 24 hours of operation.  

Both cameras are currently working, here we present a report about the activities on the Optomechanics of the Prime 
Focus Red Channel alignment. 

2. LBC RED CHECK-UP AFTER SHIPPING 
In May 2006 the first operations on the LBC red channel were made at LBT. Before checking if shipping compromised 
the very good alignment made in Arcetri, it was necessary rebuilt the optomechanics setup in the telescope clean room. 
Each container delivered from Italy was checked and all the components were re-assembled.  

The prime focus needs a structure called handling device in order to hold and rotate it during the lenses alignment 
phases. Some steps of handling device assembling are shown in Fig. 1.  
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Fig. 1. On the left it can be seen the box containing one of the handling device parts and also the crane ready to lift it and 

bring it from the storage room to the clean room. On the right side a picture of the optomechanics set up assembling in 
the (not yet) clean room. 

Once completed the handling device mechanical assembling, it was the prime focus red turn to be opened and carried in 
the lab, but because of its heavy weight and its delicacy the operations required a high level of accuracy and were quite 
challenging. The prime focus container, shown in Fig. 2, was as special box equipped with shock absorbers and tilt 
indicators in order to measure the shock suffered by the instrument during transportation. A first examination indicated 
that shipping phase had a successful conclusion.  

 
Fig. 2. In the picture one can see the prime focus in its box. Notice in the bottom part of the figure the big shock absorbers.  

A custom made iron bar provided with a hook was mounted on the top of the prime focus to extract it from the box. The 
telescope gantry crane was necessary to ease out the prime focus from its container and to position it on the trans-pallet, 
as can be seen in Fig. 3. After lifting the LBC red, the lateral sides of the box were disassembled in order to avoid raising 
the prime focus more than a few dozen centimeter. Following steps were shown in Fig. 4, the prime focus was moved to 
the clean room and lifted again with a small crane up to be fixed to the handling device. 
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Fig. 3. Two crucial phases of the LBC red extraction: on the left the prime focus hanged to the gantry crane out of the box; 

on the right the prime focus coming down on the trans-pallet. 

                        
Fig. 4. On the right it can be seen the prime focus moving to the clean room; on the left the red channel was lifted with a 

small crane up to be fixed to the handling device. 

In a second time an optical bench was physically connected to the handling device. Such a connection is realized from 
one side by positioning the bench on mini-shelf, and from the other side with two chains connected in the higher part of 
the handling structure and on the farther part of the optical bench. After a deep cleaning of the laboratory, we proceeded 
mounting the optical components on the bench.  

The optical set up, shown in Fig. 5, is composed by: 
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1. A laser with a spatial filter and a beam expander, with the purpose to create a collimated beam with a diameter 
of about 25 mm. 

2. A variable iris (minimum diameter 1 mm, maximum diameter 12 mm) with the purpose to change the beam 
diameter depending on the needs during the different procedure phases, mounted on a YZ stage in order to 
perform the alignment beam centering adjustments. 

3. A cube beam-splitter, with the purpose to let the light propagate through the prime focus lenses but also to fold 
the back-reflected light of 90 degrees on the bench re-directing the beam toward a CCD camera. 

4. After the beam splitter in the optical path to the Prime Focus, four folding mirrors with the task to let the laser 
light arrive up to the derotator plane. All these mirrors have a tip-tilt mount to align them properly. The two 
lower mirrors, which are on the bench, are mounted on manual linear stages in order to be able to center 
properly the laser beam on the last mirror mounted on the handling device above the Prime Focus Camera. 

5. After the beam splitter in the optical path of the back-reflected light toward the CCD camera, just before a 
folding mirror, there is a lens with the task to focus the beam on the CCD; the lens is mounted on a magnetic 
base that can be re-positioned with a precision of a few microns, with the purpose to remove it from the optical 
path whenever necessary during the alignment procedure and after re-position it with high accuracy. 

6. After the lens and the folding mirror, a set of neutral density filters can be inserted in the optical path to reduce 
the intensity of the laser beam on the CCD whenever necessary. 

7. A CCD cameras (Electrim EDC-2000S), with 1000×1000 pixels (pixel scale of 8 µm) mounted on the optical 
bench in order to register the position of the back-reflected beam. 

 
Fig. 5. In the picture it can be seen the optical bench connected to handling device and the optical set up needed to check 

alignment after transportation. 

Philosophy behind the alignment procedure was to align the laser beam with the only precise mechanical reference that 
we had, which was the mechanical axis of the derotator of the prime focus. In order to check the prime focus alignment 
we observed the back-reflected spot on the CCD, studying the typecasting of the Newton rings caused by interference 
between the five lenses forming the corrector. The sixth lens that completes the prime focus is the cryostat window. This 
lens, called L6, is a positive meniscus with almost no optical power and was mounted with the cryostat just with 
mechanical precision.  

By placing a sheet of paper in between L1 and L2, we have masked the light back-reflected by L1 and looked only at the 
effect of the lenses L2-L5 (Fig. 6, right). The images we have obtained show very symmetric Newton rings and look 
very similar to the ones we saved in Arcetri after the alignment of these lenses. These rings are only slightly displaced 
from the reference (i.e. the derotator mechanical axis), although this displacement is comparable to our measurement 
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accuracy. Moreover this slight displacement would translate into a slight mis-alignment of L6 with respect to the other 
lenses, but this is not an issue due to the loose centering tolerance of L6 (of order of ± 0.4 mm).  Our conclusion 
concerning the lenses L2-L5 is that they have remained aligned during the transportation. 

         
Fig. 6. Left: Newton rings system produced by all lenses. Right: Newton rings system produced hiding L1. 

Then we have unmasked L1 and its Newton rings have appeared on the image plane (Fig. 6, left). We have been able to 
isolate these rings and clearly distinguish them from the rings produced by L2-L5 by subtracting the image obtained with 
L1 masked as a kind of background. The hypothesis that the rings we are looking at really come from L1 is confirmed 
also by the fact that the back-reflected beams from the two surfaces of L1, forming the interference  
rings, have very similar brightness and aperture (no other back-reflected beam from any other lens shows similar 
properties). The Newton rings of L1 are a bit displaced from the reference and show some very slight irregularity. The 
displacement we have measured on the image plane is approximately 60 pixels of the Electrim camera we were using on 
the bench. In Arcetri, at the end of the alignment of L1 and before tightening the fixation screws, we used to "perturb" it 
by moving the centering screws; a rotation of the screws corresponding to a decenter of the lens of approximately 
0.05mm or even a small pressure on the screws (while L1 was not fixed yet) could produce a perturbation of the Newton 
rings quite similar to what we are looking here. This test allowed us in Arcetri to estimate the misalignment error of L1, 
but we cannot repeat it here because the lens is now fixed. For this reason, we have computed the expected displacement 
of the Newton rings of L1 for a given lens misalignment. Our computations have shown that a unit tolerance decenter of 
L1 (0.04mm decenter) translates into a displacement of the rings of approximately 27 pixel on the Electrim camera. A 
unit tolerance tilt of L1 (0.004 deg) translates into a displacement of the rings of approximately 9 pixel on the  
CCD. It should be noticed that these unit tolerances (0.04 mm and 0.004 deg) are the "conservative" ones, i.e. computed 
without taking into account the degrees of freedom of M1. When these are taken into account, these tolerances relax by 
approximately 10X. According to these computations, we estimate that the 60 pixel displacement of the Newton rings 
measured for L1 corresponds to a decenter of 2X the unit tolerance (0.08 mm) or 6X the unit tilt (0.024 deg). We have 
very good reasons to think that the misalignment is mostly due to decenter because when we mounted the lens during the 
alignment phase in Arcetri we didn't adjust the tilt, since decenter was enough to align L1. This L1 misalignment  
may be compensated by moving M1; for instance, the 80 microns decenter of L1 may be compensated by a 40 microns 
decenter of M1. After this optimization, the expected optical quality remains practically nominal (less than 1%  
degradation on the average across the field of view and peak variations of order of ± 1.5%). After these considerations, 
we have decided that L1 may be considered aligned and there is no need for re-adjustment. 
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3. ALIGNING LBC RED WITH LBT PRIMARY MIRROR 
In the following paragraphs it is described the procedure performed to align the LBC Red with the LBT primary mirror 
using the telescope mechanical axis materialized by the Gregorian rotator. The idea behind this procedure can be 
summarized in this way: 

1. Identify the telescope mechanical axis, meaning with this the mechanical axis of the Gregorian rotator, by using 
a laser system. 

2. Align the prime focus camera with respect to this axis by observing the back reflected light; the alignment of 
the camera will be performed by acting on the dedicated system (allowing de-centering and tip-tilt tuning) 
which is in the interface between the swing arm and LBC. 

3. Align the primary mirror to the LBC (de-center and tip-tilt) by moving the primary mirror alignment system. 

In this way, the primary mirror shall be also aligned (for transitive property of the alignment) to the Gregorian bearing. 

3.1 Gregorian axis definition 

The telescope mechanical axis coincides with the Gregorian axis bearing, so the first step was to identify it. Most of the 
alignment phases were done in daylight time. During the alignment  and tools mounting phases the telescope was pointed 
to the local Zenith or to the horizon in a way to give easy accessibility to the interested area. 

A laser beam was mounted on the Gregorian rotator of the M1 cell by using a custom made flange (see Fig. 7 left; see 
also picture in Fig. 8 for the used setup). It had a centering and tip-tilt adjusting system; it fired the beam toward the local 
zenith and it allowed for mechanical decentering and tilt with accuracies better than 10 µm and 5 arcsecond respectively. 

 
Fig. 7. A vertical view of the system (left), and a view from below (right). 
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Fig. 8. The flange to connect the laser on the Gregorian rotator (left and right). On the right: the lower one was fixed to the 

bearing and was used to mount the laser with the decenter and tilt interface; the upper one was used to mount a CCD 
camera. The four ropes was used to rotate the bearing.  

One CCD camera was mounted to the structure of the M1 cell unit by using a custom made flange (described in a hand-
made drawing in Fig. 9). It was placed in position with a repeatability much better than the physical size of the detector. 
Being the detector size of about 8×8 mm, the accuracy should be of the order of 1 mm. In fact, this is required only to 
have the spot on the detector, being meaningless in this phase the detailed position of the spot on it. 

 
Fig. 9. The flange to connect a CCD camera to the M1 cell. All measures are millimeters. 

Another CCD camera was mounted to the bottom surface of the LBC baffle using the holes to connect the lifting hooks 
(in a preliminary phase, the CCD was connected to the LBC dummy unit by using the M6 holes described in Fig. 10; this 
was done to check the axis identification procedure). Also in this case, it was placed in position with a repeatability much 
better than the physical size of the detectors. Being the detector size of about 9 × 9 mm, the accuracy was of the order of 
1 mm. In fact, this is required only to have the spot on the detector, being meaningless in this phase the detailed position 
of the spot on it. 
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Fig. 10. The M6 holes on the LBC dummy used to connect the CCD camera. All measures are millimeters. 

The laser fired the beam toward the local zenith too and allowed for mechanical decentring and tilt with accuracies better 
than 10 µm and 5 arcsec respectively. The de-centering of the laser was adjusted in order to have the centroid of the spot 
of the laser imaged on the detector mounted on the M1 cell not moving with the rotation of the Gregorian bearing where 
the laser was mounted. The tilt of the laser was adjusted in order to have the same condition mentioned above when the 
beam was observed from the CCD located on the prime focus unit. Eventually the usage of back reflected light from the 
detectors should be used to align the normal of the surface of the detector to the beam. This latter operation only 
produces second order effects. The last two operations were iteratively performed to reach the situation that the beam 
was not moving (within a certain error that should be measured). This gave the error with which the cell bearing was 
materialized. There was no need to be more precise of what was supposed to be the mechanical alignment of the bearing 
with M1. (This made this operation easier but also gave rough result). 

In Fig. 11 there is an overall view of the system mounted below the M1 cell. 

 
Fig. 11. Top left: the CCD camera on the little custom flange; top right: the laser on the big custom flange; bottom left: the 

removable CCD camera and the laser; bottom right: the removable CCD camera and the laser. 
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3.2 LBC aligment to the Gregorian derotator axis 

Once determined the Gregorian axis, the LBC had to be aligned to it. This operation was performed by acting on the 
LBC adjusting system.  

With the telescope in horizontal position and with the swing arm opened, a plate was mounted on the top of LBC by 
using the same holes used to connect the cryostat to LBC. This plate had the task in this phase to accommodate a CCD 
camera placed in the focal position of LBC without the cryostat. Than the telescope was positioned in vertical position, 
and by moving the LBC derotator, the spot movement on the CCD was observed and recorded. By acting on the LBC 
centering system with the telescope in horizontal position, the LBC decenter was corrected. These last two operations 
were iterated to reach the situation of no spot movement. 

The tilt of the LBC was then adjusted acting on the LBC alignment system by observing the back reflected light (Newton 
rings).  

In this phase, ideally, the telescope should be in a position close to the zenith to minimize differential flexures but 
depending on the accessibility to the LBC adjusting system and on the time required to move the telescope from vertical 
to horizontal position and to open the swing arms, a different angle might be selected for the procedure. 

3.3 Primary mirror alignment to the Gregorian axis 

The basic idea to perform the M1 alignment to the Gregorian axis was to take advantage of the LBC derotator bearing in 
order to properly align the LBC both in centering and in tilt to the telescope optical axis. That translates, as shown in Fig. 
12, in firing a collimated beam from a plate mounted on the rotating part of the LBC camera, redirect this beam on the 
primary mirror by using a motorized and remotely controllable folding mirror, and collect the focused image of the 
collimated beam on a commercial CCD camera placed on the focus position of LBC (which is different from the position 
of the final scientific CCD since L6 is not mounted at this stage).  

At this point, by changing the position of the beam hitting the primary mirror moving the LBC derotator (on which the 
collimated beam, the CCD camera and the folding mirror are connected), we recorded on the CCD the movement of the 
spot and compared it with different simulated situations (which can be obtained using Zemax). Acting on the primary 
mirror alignment system (de-center and tip-tilt), this operation should be performed to reach the “ideal” situation, i.e. no 
spot movement. 

Using the optical bench in the integration lab, a system mounted on an optical rail composed by a laser, a spatial filter 
and a beam expander was pre-aligned in a way to obtain a collimated output beam. A variable iris allowed to change to 
diameter of the output collimated beam from a minimum of 2 mm to a maximum of 25 mm. This system has been 
selected in a way to be as stiff as possible (this is why they are all mounted on an optical rail), being the spatial filter and 
the beam expander easy to misalign. 

With the telescope in horizontal position and with the swing arm opened, a plate was mounted on the top of LBC by 
using the same holes used to connect the cryostat to LBC (Fig. 13). This plate had the task to accommodate the laser and 
the beam expander system, a CCD camera placed in the focal position of LBC without the cryostat, a small PC and a 
flange holding a motorized folding mirror to re-direct the laser beam toward the primary mirror. 

The laser and the beam expander system just described, the CCD camera and a flange holding the folding mirror to re-
direct the laser beam toward the primary mirror were mounted on the plate described in the previous point (Fig. 14). 
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Fig. 12. The optical set-up for the alignment of LBC to the telescope. 

 
Fig. 13. A simple drawing of the system mounted on the supporting plate. 

The tip-tilt system of the folding mirror was adjusted in a way to have the focused spot visually inside the CCD chip 
(which is 8×8 mm, corresponding to a maximum tip-tilt of the beam hitting the primary mirror which should be less than 
3 arcmin). At this point, the telescope could be moved in vertical position with the swing arm in “observing” mode and 
the procedure could start.  

The spot should be re-centered on the CCD chip due to the differential flexures between the two different telescope 
positions. This operation was performed by acting on the remotely controlled folding mirrors actuators and observing the 
spot position on the CCD camera, remotely controllable too. The LBC derotator had to be moved of 180 degrees to see 
the spot movement on the chip. Depending on the observed trajectory of the spot on the CCD, the alignment system of 
the primary mirror was adjusted in tip-tilt and de-centering. Iterating the two last operations described we reached the 
situation in which the spot movement was very small (of the order of a few pixels). In fact, being the spot size (of a 
collimated beam of 25 mm of diameter) of the order of 40 pixels FWHM (mostly because of diffraction effects), the 
precision that can be reached in computing the centroid of such a spot should be of the order of a few pixels. 
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Fig. 14. The supporting plate with the laser and the beam expander mounted on. 

Some important considerations must be carried out concerning this procedure: 

- Ideally, the telescope shall be in a position close to the zenith to minimize differential flexures. 

- The fine tuning of the alignment of LBC shall anyway be performed by adjusting the primary mirror shape with the 
Active Optics. 

- Due to the telescope and swing arm flexures, this procedure shall be performed for several altitude angles of the 
telescope finding out the best primary configuration that should after be applied each time the telescope is observing at 
that altitude. 

4. CONCLUSIONS 
This paper described the alignment procedures of the LBC-Red channel. This is the second of a sequence of two Prime 
Focus with unprecedent size of the bigger lens and in speed, keeping the record for the fastes camera (F/1.41) at a 8m 
class telescope. The best proof  of the good achievement of the optomechanics is represented by the stream of scientific 
data that is being generated in the last months and that is producing peer review astrophysical papers to date. 
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