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ABSTRACT   

The Large Binocular Telescope is one of the most unusual 8 m class telescope and surely it has been inspirational to a 
number of novel concepts and innovations. We present here a couple of recently traced opto-mechanical designs to fit 
some niches in the parameters space of astrophysical usage. A coronagraph, as simple as possible, to take advantage of 
the LBT XAO ability dedicated to the ExoPlanets detection and a multiple very wide field spectrograph in which a large 
number of tiny cameras is foreseen, all with equal optical elements but for the pupil aberration corrector.  
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1. INTRODUCTION  
A relevant amount of instruments are available or will be available in the next few years at the Large Binocular 
Telescope (LBT) [1, 2]: an optical spectrograph MODS [3], an infrared spectrograph LUCI [4], a high-resolution echelle 
spectrograph with polarimetric capability PEPSI [5], a wide field optical camera LBC [6], a near-infrared and visible 
interferometric imager LINC-NIRVANA [7] and a thermal infrared imager and nulling interferometer LBTI [8]. 
Moreover, the extreme adaptive optics module of LBT, First Light Adaptive Optics (FLAO) [9], which has been recently 
installed, is obtaining outstanding results in terms of performance and reliability [10]. Hopefully,  the laser guide star and 
wavefront sensing facility ARGOS [11] will obtain even better results. In this framework, we propose a detailed study of 
a wide field spectrograph (diameter 1.5 degrees) and a preliminary design of a simple coronagraph, able to fulfill the still 
not covered astronomical cases.  
In particular, the spectrograph design is based on the crucial point of making mass production of small optical elements 
(typical size less than 30 mm), avoiding the problems related with the production, handling and alignment of huge 
optical elements (bigger than 1 m) typical of the nowadays wide field instrumentation. While on the collimator and 
camera side (and eventually the following spectroscopic part) this is obviously achieved, we speculated that the pupil 
correction can be achieved with a family of correctors whose amount of aberration introduced depends upon the way 
these are mounted together. Of course, the complication of such instrument will be shifted on the alignment phase 
because of the handling thousands of small lenses instead of few big monolithic ones. 
On the other side, the combination of FLAO pyramid based sensor, together with the high dynamic and spatial resolution 
Adaptive Secondary Mirror, is giving an excellent performance in terms of achieved resolution, with results in terms of 
Strehl Ratio (SR) never obtained before. In the IR domain, performance is routinely achieving SR>90% in K Band on 
bright stars and even the results in J Band are considerably remarkable with SR>60%.The high number of actuators of 
the adaptive secondary mirror can, in principle, give good corrections also in the visible wavelength and, in fact, results 
as good as SR>45% have been obtained even in R Band. Without coronographic techniques, contrast higher than 105 
have been measured in K band (close to 105 in H Band), at a radial distance of 0.5 arcsec from a guide star of MV=6. 
These results have convinced us to start a preliminary study of a simple coronagraph infrared wavelength bands 
(extendable to visible bands), based on classical Lyot masks, able to increase the contrast of at least a factor 10, and, 
thanks to its simplicity, able to be commissioned to the telescope in a timescale of about a couple of years. This should 
guarantee to LBT very important role in the field of ExoPlanets detection and characterization.  
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2. HIGHLY SEGMENTED SPECTROGRAPH  
The idea to segment the focal plane of a telescope in order to overcome large lenses manufactory problems and reduce 
the mechanical alignment issues of a stand-alone focal reducer is not a new idea [12]. The innovative thought at the base 
of the work here developed is the study of such a segmented instrument based on the idea of correcting the off-axis 
optical quality through an on-pupil corrector that applies uniform correction over the whole Field of View. This concept 
has already been presented in previous works [13, 14, 15, 16, 17] and here it is only summarized.  
The optical design for this kind of approach has to take into account three major problems:  
1) the secondary mirror has to be substituted with one allowing a proper scale on the focal plane;  
2) in order to allow mass production of the lenses composing the channels, into which the focal plane is segmented, all 
the optical elements have to be equal independently by the distance from the optical axis (but for  on-pupil corrector); 
3) the dimensions of the lenses have to be maintained below the dimension of the first lens (representing the maximum 
dimension of the single channel) allowing the allocation of the channels without mechanical interferences. 
. 
2.1 Theoretical simulation 

In order to demonstrate the reliability of the optical concept and better understand the applicable limits of the system (i.e. 
the size of each module, the instrument Field of View and the numbers of modules), we have initially simulated the 
expected theoretical optical quality as function of the Field of View.  

A ray-tracing procedure was defined and used to retrieve the size of each single module composing the camera as a 
function of the imposed correction, once fixed the optical quality we want to achieve. The proper telescope configuration 
is defined (see section 2.2), and, first of all, the procedure maximizes the optical quality, optimizing a user-defined 
number of Zernike polynomials in the center of the local Field of View. After that, the same correction is applied moving 
in proximity of the local Field of View, and the optical quality is measured as long as it remains under an user pre-
determined acceptable value. In the case the optical quality gets worse, the size of the box inside of which the optical 
quality is acceptable is returned by the procedure. This optimization process is repeated for several Fields of View, set by 
the procedure. Since no refractive elements have been inserted in the simulation, the described procedure does not take 
into account of chromatic effects.  

Being the instrument working as a spectrograph in seeing limited mode, we decided to declare optical quality acceptable 
within 1 arcsec (in terms of 80% Encircled Energy diameter). The number of Zernike polynomials used have been tuned 
by trying many simulations and at last we adopt 15 terms (not all the terms are effectively used). With these assumptions, 
we obtain a maximum field of view of 6.57 arcmin for a module on the optical axis while it is 0.77 arcmin for a module 
at 1.25 degree from the telescope optical axis (see figure 1).For the case study, a single module Field of View equal to 3 
arcmin has been considered and the obtainable optical quality has been explored from  0 to 1.5 degrees. 

 
Figure 1. Comparison between the simulation (squares) and the designed modules (triangles). The plot shows the maximum field of 

view of the module having an optical quality better than 1 arcsec as function of the distance from the telescope optical axis. 
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2.2 LBT trapped secondary mirror 

The LBT currently presents a Gregorian configuration (see Figure 2). The primary is a concave parabolic mirror (K=-1) 
with curvature radius of 19200 mm and aperture diameter of  8408 mm. The secondary, located at 10660 mm from the 
primary vertex, is a concave elliptical mirror (K=-0.733) with curvature radius of 1974.249 mm and aperture diameter of 
940.402 mm. The tertiary mirror, located at 8413.69 mm from the secondary vertex, has an elliptical aperture with half-
axis of  224.34 mm and 317.27 mm. 
 

 
Figure 2. Layout of the LBT in Gregorian configuration (left) and Cassegrain configuration (right). 

 
The instrument is planned to be installed between the primary and the secondary mirrors, i.e. in ‘trapped’ location, 
removing the tertiary and substituting the secondary mirror to allow a Cassegrain configuration with a new one having a 
more suitable F/#. In particular, from a preliminary estimation of the instrument volume and from mechanical 
considerations related to the possibility to exploit the same tertiary mirror motorized axis to move in and out the 
instrument with respect to the telescope optical axis, it has been decided that the instrument entrance focal plane (FP) 
should be at about 3240 mm over the primary vertex. This value has been maintained as reference during the 
optimization of the secondary. The ‘new’ telescope F/# should maximize the Field of View (FoV) without the 
introduction of vignetting by the instrument itself. For the case study, an F/4 telescope has been considered during the 
optimization of the secondary. The imposed effective focal length is then 33632 mm. The ‘trapped’ secondary should be 
installed between the primary and the Gregorian secondary (the layout is shown in figure 2). The unvignetted half FoV is 
about 1.5 degrees, giving, in principle, a maximum instrument entrance FoV diameter of 3.0 degrees (not considering the 
optical quality.  The secondary mirror radius of curvature is -3950.4 mm with a conic constant of -3.236 and is located at 
8188.6 mm from the primary mirror vertex. Looking at figure 2, it is clear that the best entrance FP is curve. The optical 
quality has been evaluated for each field at the best focal plane distance with respect to the nominal entrance FP and is 
reported in table 1. The spot diagrams for both cases are shown in figure 3. 
 

Table 1. Best focal plane distance with respect to the nominal entrance FP. 

Field (degree) 0 0.5 1.0 1.5 
Best focal plane (mm) 0.000 -30.123 -118.947 -262.028 

 

 
0 degree 0.5 degree 1.0 degree 1.5 degree 

 
Figure 3. Spot diagrams corresponding to the fields 0, 0.5, 1.0 and 1.5 degrees at each best FP location. The diagonal of the box 

corresponds to 3 arcmin, i.e. the size of the module front lens. 
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2.3 Single module optical concept 

During the design we have initially considered a monochromatic approach (wavelength 550 nm), extending the concept 
to a wavelength range 400-900 nm only in a second time. Figure 4 shows the concept and the dimensioning of a single 
module, to which we will refer in the following explanation. Each channel has a diagonal (LFP1), with an angular 
dimension of 3 arcmin, corresponding to 29.3 mm at the telescope focal plane: this gives 60 channels along the diameter 
of the studied Field of View. The first element is called Pupil Re-imager 1 and consists in a group of lenses, which re-
images a reduced telescope exit pupil. The second element is an off-axis corrector plate, placed at the re-imaged pupil 
location and corrects the common path aberration all over the local Field of View; since the aberration is strongly field 
dependent, the corrector plate is the only optical element specialized for each module. Going on the optical path, the 
following element is the so-called Camera 1, focusing the light in a F/2 focal plane. 
In a classical spectrograph configuration, the slits should be placed exactly on this FP2, while it should be the focal plane 
where the optical fibers are fed in the case of a spectrograph located elsewhere. In figure 4 a classical spectrograph is 
represented by the 1-to-1 re-imaging system (Pupil Re-imaging 2, Camera 2) with a dispersion grism in the intermediate 
pupil.  
 

F/2 
F/2 

F/4 

 
Figure 4. Scheme of the optical concept of a single channel. 

 
2.4 Single module pupil re-imager 

The first required instrument optical element is a collimator because it is necessary to re-image the pupil where the sub-
channel common aberration will be corrected. The aperture of the collimator first lens at the entrance FP has been chosen 
to have a square shape in order to allow the allocation of the sub-channels covering the whole FoV. The diagonal of the 
square aperture corresponds to 3 arcmin (i.e. 29.349 mm at the entrance FP) giving a size of  2.12 arcmin (20.753 mm at 
the entrance FP). In order to avoid mechanical interferences among the modules, the bundle of rays impinging on the 
first collimator lens has to be maintained inside its size also in all the following optical elements, not only in the 
collimator, but in all the optical train up to the final FP where the detector or the fibres are placed, without the 
introduction of vignetting. Moreover, the collimator should be as much as possible equal for each module to allow lenses 
mass-production. For this reason, during the collimator optimization process, we have considered an hyper-pupil, instead 
of the telescope exit pupil, defined as the pupil located at the same place of the telescope exit pupil but having a radius 
increased by the same amount of the displacement at the entrance FP of the module at the FoV edge  (1.5 degree) with 
respect to the optical axis. For the case study, this value corresponds to 853.103 mm giving an hyper-pupil diameter of 
3340.194 mm. The value of the hyper-pupil diameter used during the collimator optimization is 3400 mm for 
performance redundancy. This approach has permitted to find a first solution for the pupil re-imager design.  
A way to relax the constraints on the lenses size is to align (both in decenter and tilt) the module to the chief ray at the 
center of the local FoV. In fact, if the module is not tilted, the re-imaged pupil is decentered with respect to the local 
optical axis, reducing the available space for the size of the pupil itself and the distance from the pupil to camera 1. 
Moreover, by tilting the module, the angle under which the telescope exit pupil is seen is minor, giving a better quality 
on the reimaged pupil. For this reason the obtained first solution has been improved by considering the real exit pupil 
dimension and the tilt of the module.  
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During the optimization, a square stop located before of the first lens having size 20.753 mm has been introduced in 
order to simulate the module aperture, the telecentricity at the pupil re-imager focal plane has been imposed and a control 
on the rays height over the local optical axis has been set on the merit function to maintain the bundles inside the first 
surface size. A magnification factor of 0.0098 has been found to be a good compromise between the pupil size and the 
pupil quality. The obtained pupil radius is about 8 mm (measured 7.932 mm). The scheme of the collimator is shown in 
figure 5. The obtained pupil re-imager is composed by a first square lens defining the local field of view, followed by a 
couple doublets having circular shape. The optical parameters of the are reported in table 2. 

 
Figure 5. Scheme of the pupil re-imager. 

 
Table 2. Parameters of the pupil re-imager. 

 Radius of curvature (mm) Thickness 
(mm) 

Material Aperture 
shape 

Size/diameter 
(mm) 

Surface1 27.296 20.292 LASFN15 square 20.754 
Surface2 18.461 3.454  square 20.754 
Surface3 29.691 9.269 N-SK18 circular 20.000 
Surface4 -16.276 14.997 LASF32 circular 20.000 
Surface5 -76.867 0.500  circular 20.000 
Surface6 -2892.750 29.109 LASF18A circular 20.000 
Surface7 22.393 21.090 LASFN31 circular 20.000 
Surface8 -49.676 7.000  circular 20.000 

 
The pupil re-imager optical quality has been estimated by considering the spot size for four module locations having 
local central field of view coordinates (0, 0.025), (0, 0.475), (0,0.975) and (0, 1.475) degrees, hereafter named CH1, 
CH10, CH20 and CH30 respectively. The 100% encircled energy diameter for all the cases has a value less than 1/100 of 
pupil aperture (160 micron) as shown in figure 6. 
 

 

 
 

Fig. 6. Encircled energy at the pupil location for CH1, CH10, CH20 and CH30. 
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The obtained pupil re-imager has an F/# equal to 2.16 with an effective focal length of 63.4 mm. A 3D picture of the 
pupil re-imager for CH1 and for the CH1-CH10-CH20-CH30 configuration is shown in figure 7.  
 

 
Figure 7. 3D picture of the pupil re-imager for CH1 and for the CH1-CH10-CH20-CH30 modules. 

 
2.5 Single module pupil corrector 

The pupil correctors has been simulated with a BK7 plate coupled with a SF2 plate having 1 mm thickness whose 
optimized external surfaces shape, which is different for each module, has been determined separately with 15 Zernike 
terms as coherently with the simulations (not all the terms are effectively used for the correction). The common 
aberrations correction is distributed on both surfaces. The two coupled surfaces help to take under control the chromatic 
aberrations. The optimization of the plate has been carried out in two steps: a first optimization of the surfaces shape has 
been done by considering a paraxial surface as camera 1; after the design of the camera 1 a second optimization has been 
performed. Differently from the simulation, the optimization has been done by considering the whole local field of view 
instead of the local central field in order to increase the performances. When the quality starts to decrease as function of 
the local field, it has been considered a smaller portion of the local field of view itself. 
In table 3 the Zernike polynomials coefficients and the pupil correctors aperture diameters are reported for the cases (0, 
0.025), (0, 0.225), (0, 0.475), (0, 0.725), (0, 0.975), (0, 1.225) and (0, 1.475), here after named CH1, CH5, CH10, CH15, 
CH20, CH25 and CH30. For the Zernike polynomials, the Noll convention is assumed. A picture of the pupil corrector is 
shown in figure 8. 
 

 
 

Figure 8. The pupil corrector for the CH1 module. The left plate is in BK7 (gray) while the right plate (red) is in SF2. 
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Table 3. Zernike polynomials coefficients and the pupil correctors aperture diameters for the CH1, CH5, CH10, CH15, 
CH20, CH25 and CH30 modules. 

 CH1 CH5 CH10 CH15 CH20 CH25 CH30 
Diameter BK7(mm) 7.987 8.100 8.200 8.300 8.400 8.600 8.800 

Z4 0.17144 0.15795 0.10739 0.06160 0.09468 -0.02975 -0.26979 
Z5 0.00135 -0.02210 -0.08087 -0.12873 -0.19767 -0.43512 -0.68320 
Z6 0.00353 0.00055 -0.00021 0.00963 -0.00016 0.00000 0.00012 
Z7 -0.00241 -0.01956 -0.04237 -0.05792 -0.07222 -0.07962 -0.08017 
Z8 -0.00256 -0.01829 -0.04222 -0.06106 -0.07217 -0.07965 -0.08020 
Z9 -0.00168 -0.00150 0.00188 0.00687 0.01846 0.04110 0.03727 
Z10 -0.00171 0.00068 -0.00201 -0.00704 -0.01850 -0.04107 -0.03721 
Z11 0.01105 0.01037 0.00953 0.01000 0.02316 0.02853 0.07111 
Z13 -0.00041 -0.00146 -0.00213 -0.00363 -0.00462 0.01461 0.04298 
Z14 -0.00716 -0.00615 -0.00829 -0.01148 -0.01802 -0.04133 -0.08149 

        
Diameter SF2(mm) 8.126 8.300 8.350 8.400 8.600 8.800 9.000 

Z4 0.11549 0.11745 0.08357 0.05344 0.06719 0.06680 -0.02048 
Z5 0.00098 -0.01206 -0.03591 -0.03137 -0.02648 -0.13558 -0.23182 
Z6 0.00305 0.00046 -0.00016 0.00786 -0.00013 0.00000 0.00011 
Z7 -0.00107 -0.00765 -0.01538 -0.01489 -0.01280 0.00074 0.02122 
Z8 -0.00116 -0.00649 -0.01521 -0.01754 -0.01275 0.00071 0.02120 
Z9 -0.00144 -0.00121 0.00186 0.00612 0.01663 0.03558 0.02898 
Z10 -0.00151 0.00045 -0.00199 -0.00629 -0.01667 -0.03556 -0.02892 
Z11 0.01029 0.01010 0.00919 0.00936 0.02236 0.02691 0.05995 
Z13 -0.00036 -0.00123 -0.00171 -0.00265 -0.00421 0.01091 0.02886 
Z14 -0.00661 -0.00592 -0.00747 -0.01004 -0.01573 -0.03488 -0.06544 

 

2.6 Single module camera 

The camera has been designed to give an F/# equal to 2.1 at the slit focal plane (so that its size is expected to be 11.014 
mm) and it is composed by lenses which are all smaller than the front collimator field lens. To allow the possibility of a 
classical spectrograph configuration in the merit function it has been inserted the telecentricity requirement but with a 
weight lower with  respect to the one related to the optical quality. Also in the case of optical fibers based spectrograph, 
the telecentricity will facilitate the allocation and the feed of the fibers themselves. The obtained camera is compound by 
5 optical elements (4 single lenses and one triplet). The optical parameters are reported in table 4. The slit plane location 
(i.e. the focal extraction of the camera) and its tilt with respect to the local optical axis have been optimized 
independently for each module (see table 5) together with the second optimization of the Zernike polynomials 
coefficients. All the other parameters (i.e. the lenses parameters) are the same for each module. The distance from the 
pupil corrector last surface and the camera has been set to 1mm  to maintain the size smaller than the initial collimator 
field lens. The scheme of the camera is shown in figure 9 while the entire module is shown in figure 10 for the CH1 
alone and the CH1-CH5-CH10-CH15-CH20-CH25-CH30 system.  

 
Figure 9. Layout of the camera. 
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Table 4. Parameters of the camera. 

 Radius of curvature (mm) Thickness (mm) Material Aperture 
shape 

Size/diameter 
(mm) 

Surface1 13.107 4.721 N-PSK58 circular 18.6 
Surface2 Infinity 0.819  circular 18.6 
Surface3 -49.632 1.000 SILICA circular 18.2 
Surface4 12.070 4.408 S-FPL51 circular 16.6 
Surface5 -123.275 6.077 SK8 circular 16.4 
Surface6 9.934 1.476  circular 13.4 
Surface7 13.245 3.989 LAK9 circular 14.0 
Surface8 -21.365 2.075  circular 13.8 
Surface9 -8.785 1.000 N-F2 circular 13.6 
Surface10 22.467 0.595  circular 16.4 
Surface11 36.174 11.825 N-LAK12 square 14.0 
Surface12 -13.162   square 16.4 

 
Table 5. Focal extraction and slit plane tilt. 

 Focal extraction (mm) X tilt 
(degrees) 

Y tilt 
(degrees) 

CH1 5.000 0.095 -0.095 
CH5 5.977 0.975 -1.036 
CH10 6.623 1.563 -1.693 
CH15 7.234 2.570 -2.548 
CH20 5.940 5.112 -5.094 
CH25 12.742 6.182 -6.144 
CH30 19.439 4.837 -4.829 

 

 
 

 
Figure 10. 3D picture for the module CH1 (up) alone and the CH1-CH5-CH10-CH15-CH20-CH25-CH30 modules together (down). 
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2.7 Performances 

The optical quality has been evaluated with the polychromatic (400-900 nm) 80% encircled energy diameter at the slit 
plane, as coherently with the simulations, for each CH1-CH5-CH10-CH15-CH20-CH25-CH30 modules. At this focl 
plane, 1 arcsec corresponds to 0.086 mm. The results are shown in figure 11. 
 

 

 

 

 
 

Figure 11. Encircled energy at the slit plane for the CH1-CH5-CH10-CH15-CH20-CH25-CH30 modules. 
 

The comparison between the polychromatic modules and the monochromatic simulation is shown in figure 1. The optical 
quality is better than 1 arcsec over the local Field of View having a diagonal of 3 arcmin up to the CH15, corresponding 
to a telescope Field of view diameter of 1.5 degrees, giving a better result with respect to the one expected from the 
simulation.  At CH20 (2 degrees FoV diameter), the quality is maintained over about 1.5 arcmin, still better than the 
simulation. At CH25 (2.5 degrees telescope FoV diameter) the corrected local Field of View drops to 0.6 arcmin, a result 
comparable with the simulation while for CH30 (3.0 degrees telescope FoV diameter) the studied design is not able to 
reach the required performance not even at the central local field: if for this case we increase the Zernike polynomials 
coefficients in the pupil corrector to 37 the maximum field of view with the required quality is 0.36 arcmin, still below 
the result expected from the simulation. 

CH1 CH5 

CH10 CH15 

CH20 CH25 

CH30 

Proc. of SPIE Vol. 8446  84463D-9

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 07/10/2015 Terms of Use: http://spiedl.org/terms



 

 

2.8 Number of optical elements 

Assuming to cover a Field of View having radius 0.75 degrees (FoV area 1.77 degrees2), i.e. where the spot size is inside 
1 arcsec, the numbers of required modules is 1460 (see figure 12). 
Comparing this FoV area with the one of the Large Binocular Camera (LBC), i.e.  0.16  degrees2, we have about 11 
times more FoV. The number of modules required to cover an equivalent FoV area as the LBC one is 148. 
The pupil re-imager is composed by 5 lenses and the camera is composed by 7 lenses. These optical elements are 
common to all the modules.  The pupil corrector is composed by 2 elements those are specialized for each module. 
The required optical elements to cover a FoV having radius 0.750 degrees and 0.225 (i.e. having FoV area equivalent to 
LBC) are reported in table 6.  
 

Table 6 Numbers of required optical elements. 

 FoV radius = 0.750 degrees 
 equal different total 
Pupil re-imager 5×1460  7300 
Pupil corrector  2×1460 2920 
Camera 7×1460  10220 
   20440 
    
 FoV radius = 0.225 degrees 
 equal different total 
Pupil re-imager 5×148  740 
Pupil corrector  2×148 296 
Camera 7×148  1036 
   2072 

 

 
 

 
 

Figure 12. Coverage of the telescope Field of View with 1460 equal modules having diagonal equal to 3 arcmin. 

0.750 degrees 0.225 degrees 
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CH5 

CH10 

CH15 
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3. A SIMPLE CORONAGRAPH  
As preliminary approach, we have considered an optical system based on two channels (Infrared 1-2.5 µm and Visible 
0.6-1 µm) trying to maximize the common path, i.e. the split between the IR and the Vis channel is just in front of the 
two detectors (via an insertable mirror). In this case, the IR and the Vis option cannot be used at the same time, but 
having two instruments mounted at the two LBT telescopes there could be at least three different binocular options: IR 
and Vis coronography simultaneously, two IR coronagraph at the same time operating with different filters or, in a 
similar way, two Vis coronagraph at the same time operating with different filters. In the Vis channel, an upgrade of the 
instrument to a spectroscopic mode through fibers is almost straightforward and is has been taken into account in the 
conceptual design. The coronographic mode will be obtained by standard Lyot masks (occulter and apodizer). A 
mechanical derotator holding the complete instrument is foreseen.  
This approach requires of course compromises in the number of positions of each filter wheel and on the number of 
apodizers to be placed onto the pupil plane and, even more, it requires an effort in finding a pixel scale which has to be 
reasonable for both detectors. Another compromise will probably regard the coatings of the optics, which has to be done 
over a quite wide range (between about 0.6µm and 2.5µm). Eventually, also the ADC design has some challenge in such 
a wide wavelength range. It has clearly the advantage of minimizing the cost and minimizing also the volume occupied 
by the instrument. From the observing modes point of view, it is not the most flexible one but it has quite some different 
capabilities when used in binocular configuration. 
During the opto-mechanical design, we follow a few guidelines, which are listed hereafter: 
 

- The design is as much as possible compact and light (the current volume of the Cryostatic part is about 
580x230x130mm). 

- The optical design has been kept as simple as possible, and it is based on two small size (about 2.5cm in 
diameter) off-axis parabolas. 

- The optical design has been kept all in one plane, in a way to simplify the alignment operations; if the space will 
become an issue, a possible options might be to study 3D-Assemblies, in order to minimize even more the 
volume occupied by the instrument, in spite of a more complicated procedure for its assembly and integration. 

- An Atmospheric Dispersion Corrector (ADC) has the possibility to be inserted in the optical path and has been 
optimized at the moment for the IR channel. 

- All the motors are Cryogenic, i.e. inside the “cold environment”, avoiding in this way to have holes in the 
Cryostat. 

- The common path between the visible and the infrared options is maximized, meaning that there is an insertable 
folding just in front of the IR camera which can re-direct the light toward the VIS camera; in this way, the 
current opto-mechanical concept is very compact. 

- The visible camera volume has been kept outside the Cryogenic part, in order to both give complete freedom in 
the visible detector choice (C-MOS like for example) and to make any possible instrument upgrade as easy as 
possible. 

- For the time being, we didn’t consider the option of having an image stabilizer to correct for differential 
flexures since the experience made with PISCES (the IR camera in use today at LBT) does not show relevant 
flexure problems and, furthermore, the whole pyramid sensor is mounted on a movable platform in case any 
adjustment on the wavefront sensing area is be required.  
 

In figure 13 a draft of the opto-mechanical concept is shown. In the current design, the light is entering through a 
window into the Cryostat area and, in the telescope focal plane, there is a first filter wheel which can carry 6 focal plane 
masks (occulters) to filter out the light of the main star (opaque spot).The first off-axis parabola is then creating a 
collimated beam which is folded by a flat mirror. The latter, being very close to the pupil plane, might be substituted by a 
tip-tilt mirror, acting as image stabilizer, if needed. Onto the pupil plane (which is positioned just after the flat folding 
mirror) there is the mechanism for the apodizers selection, which has for the moment three positions for 2 apodizers (one 
for the VIS and one for the IR channel) and a hole when no apodization is required. Following, a linear stage can insert 
the ADC, for the compensation of the atmospheric dispersion at low observing altitudes: previous analysis performed on 
similar instruments have shown that a moderate gain can be achieved and, even if a deeper analysis will be performed, 
we decided to have in the baseline design an insertable ADC system. Just after the ADC area, still in the collimated 
beam, two additional filter wheels (6 filters each) are foreseen, carrying the required narrow and broad band filters for 
each channel plus the neutral density filters of the other channel. The second off-axis parabola is then folding the light 
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Figure 13. Two different views of the current opto-mechanical concept. 

toward the IR camera and, just before it, a flat mirror can be inserted to fold the beam toward the exit window, where the 
volume dedicated to the visible option is foreseen. 
The plate scale has been set by sampling the Airy radius at wavelength of 1 µm with 3 pixels of the HAWAII II RG 
detector (18 µm). Maintaining the same plate scale for the VIS channel, at 0.5 µm we have a 3 pixels sampling of the 
Airy radius with a pixel size of 9 µm. 
By considering to use only 1024×1024 pixels of the HAWAII II RG (Engineering  Grade A), the covered Field of View 
will be 10.2×10.2 arcsec2. Assuming the same detector format for the Vis channel, the covered Field of View will be 
5.1×5.1 arcsec2. 
The optical quality of the camera itself presents a Strehl ratio better than 99% for both the IR and VIS channel but, of 
course, the real optical quality will be driven by the FLAO module and coronagraph performances.  
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