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ABSTRACT 

A lot of scientific interest around both seeing limited wide field imaging and wide field spectroscopy has been shown in 
the recent past. Technological difficulties have indeed been identified when proposing classical prime focus corrector for 
8 meters class telescopes with Field of View bigger than one degree, because of the huge opto-mechanics and of the very 
large arrays of detectors required. A new concept, the Smart Fast Camera, has been recently proposed: the idea behind 
relays on splitting the huge Field of View in smaller portions, each of them re-imaging onto a reasonable size detector a 
part of the scientific Field of View. In this way, one could think to build a modular instrument, with most of the 
components identical for each module, with the exception of the field corrector, which is of course radial dependent. In 
this paper, a further development of this concept, allowing for spectroscopy, is presented, applied to an existing 8 meter 
class telescope, the Large Binocular Telescope. A preliminary study is traced out, with the aim to find a feasible optical 
design for such an instrument. 
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1. INTRODUCTION 
Segmentation of the focal plane, in order to replace a single focal reducer with an array of smaller one, is not a brand 
new idea as one can recollect ideas on the topics as fare as [1]. In fact, some existing optical instruments already 
implement an extremely moderate 2x2 segmentation like in the Wide Field Planetary Camera and in VIMOS onboard 
respectively the HST and the VLT. 

Of course, as the size of the instruments scales with the size of the telescope, such a demand of segmentation grows with 
time and it is expected to be dramatic for the next generation ELTs ([2], [3], [4]). Moreover, as we touched with our 
hands the level of difficulty to turn into reality big optical systems including the assessment of the risk linked with big 
pieces of optics ([5], [6], [7] [8], [9], [10]), we introduced time ago what we termed "Smart Fast Camera" ([11], [12]). In 
this concept, we introduced both an extreme form of segmentation and the idea of correcting the off-axis optical quality 
by an on-pupil corrector. This device will introduce, in principle, uniform correction over the whole Field of View. That 
means that one have to decide which is the maximum allowed degradation of the optical quality, then decide a size of 
each small Field of View where the variation of the aberrations is within twice such an amount. 

Usually, for typical centered optical systems, this effect is steeper at the edge of the field so that the number of segments 
basically depends upon the maximum field of view one intend to cover. 

As LSST is supposed to be a milestone in the realm of wide field imaging, we used it as a benchmark. The key point here 
is anyway that a camera of this kind is doable, at least in principle, on existing 8m class telescope. Also, we speculated 
that this approach could make a seeing limited camera for an ELT feasible. However, due to the obvious  lack of 
scientific interest in the realm of seeing limited imaging with ELTs, this approach has not been studied in detail even if 
recent options on providing ELTs of a ground layer, seeing reduced modes could raise interest in this option as well. 

In the following however, we focus on the optical design for an existing 8m class telescope. Namely we used the primary 
mirror of LBT, that is just a purely parabolic surface (LBT is a pure non aplanatic Gregorian). The tow main issues of 
turning the concept into a working optical design are mainly concerning the quality of the pupil image and the 
chromatism of the system. 

It is worth noting that another crucial point of this approach is to make mass production of the optical elements. 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. An obvious way to achieve it is to have two "coma-like" plates that 
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can be mounted in order to cancel out or to double their effect, with all the possible solutions within these two limits with 
a certain way of mounting one with respect to the other. 

In fact, given that the aberration to be corrected can be very high at the edge of the field, particular care shall be given to 
the quality of the re-imaging of the pupil. As an example, at the edge of a 1.25 degree field of view (thinking to a 
reasonable FoV of 2.5 degree in diameter ), aberrations pile up to the order of 100 micron, thus causing that even a small 
difference in the pupil shape or size at this level can change the amount of correction to be applied. To some extent, this 
could even be part of the game: in fact, one could "tune" the degradation of the quality of the pupil in order to make a 
uniform correction over each individual FoV. However, being this a preliminary study, we did not take this fact into 
account in the optimization process and we estimate that, for our purposes, the quality of the pupil must be of the order 
of 2%. 

Chromatism being a different issue. The main topic being in fact related to the point mentioned above, as the quality,  the 
shape and the displacement of the pupil are wavelength dependent. Existing optical systems can be ok from the imaging 
viewpoint but sometime are lacking on the image quality point. Additionally, one should recall that even the pupil 
corrector is likely to introduce chromatism. For all these reasons, an integrated approach is likely to be cost effective, 
above all when the design is approaching the ultimate level of required quality. As a preliminary study, we are initially 
setting up the design as a combination of independent optical systems, i.e. making a collimator with a possibly high 
quality achromatic pupil, an achromatic corrector, and so on, considering every sub-system as a piece of a block design, 
but we are ready to switch to a global approach as soon as it will be required. Indeed, given the huge number of degrees 
of freedom, we also want to perform several optical designs in order to acquire the "sensitivity" to choose among 
different optical solution. In fact, being this a relatively new approach, there is very little in the literature we can base our 
choices upon. 

Eventually, in order to diversify from LSST, we are deeply studying the option of making each camera a small 
spectrograph as well. This option can be achieved introducing a second pupil re-imager and a camera where a grism can 
be inserted and movable slit can be positioned in front of the already corrected intermediate focal plane. This approach 
automatically would solve any kind of astrometric problem (blind pointing) that one would have to face with a multi 
fiber mechanism since the position of the required object would be experimentally measured on the same detector. 

Given the vast amount of objects, slits, and spectra involved, we raise a flag on the need on one side of procedures and 
software for the automatic instrument set -up and on the other side of a dedicated pipeline and archiving system. 

 

2. SIMULATIONS AND DESIGN 
In the following sections, we outline a possible optical design for the wide field spectrograph concept, trying to first 
identify, through a simulation and ray-tracing process, a reasonable sampling of the FoV (that we consider 2.5 degrees 
on the diagonal) and after to obtain the optical design of an individual module for each radial position of the FoV.  
In this preliminary study, we obtain a full coverage of the 2.5degrees FoV, even if still not completely satisfactory in 
term of image quality, above all at the edge of the field; we emphasize that the work is in progress and that, for the time 
being, we have used the "block diagram" approach (each sub-system is designed as a stand-alone component) reaching 
probably a kind of limit after which we shall switch to a global module design. 
We have adopted 1arcsec of optical quality over the complete FoV as a goal for such a seeing limited spectrograph. 
 
2.1 Simulation 

In order to demonstrate the reliability of the optical concept and better understand the applicable limits of the system, we 
have initially simulated the theoretical expected optical quality over the Field of View. To determine the size of each 
single module composing the camera on the base of the optical quality we achieve, and as function of the correction 
imposed, we used a Ray-Trace procedure. 

Once decided a telescope configuration (see subsection 2.2), procedure starts optimizing a number of Zernike 
polynomials decided by the user in the center of the Field of View. Than it applies the same correction moving in the 
radial direction along the Field of View, measuring the optical quality as long as it remains under a value decided by the 
user as acceptable. When the optical quality get worse, the procedure starts again optimizing the Zernike polynomials 
and it returns the size of the box inside of which the optical quality is acceptable applying the same correction. 
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Being the instrument working as a spectrograph in seeing limited mode, we decided to declare optical quality acceptable 
within 1 arcsec. The number of Zernike polynomials used have been tuned by trying many simulations and at last we 
adopt 37 terms. 

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 Fig. 1, diamond dots). For the optical design 
we assume a common square Field of View for all the modules having a diagonal of 3 arcmin. In the future, we will 
consider more classes of modules having different size depending on their radial position.   

 
Fig. 1. Comparison among the simulation and the designed modules in the case of flat focal and curved plane module allocations. The 
plots shows the maximum field of view of the module having an optical quality better than 1 arcsec as function of the distance from 

on-axis field.  

2.2 Telescope design 

As stated before, the reference telescope we have considered is the Large Binocular Telescope (LBT). The mechanical 
structure allows the insertion of a “trapped” secondary mirror and of the instrument over the primary mirror with 
relatively low difficulties. Moreover, the double-eye permits to double also the instrument allowing multiplexing or, if 
necessary, to separate the wavelength range into two bands with an optimized instrument for each one, in a similar way 
to what has been done for the Prime Focus Camera, actually mounted at LBT ([13],[14]). 

Being the wide field astronomy the target of the instrument, a new secondary mirror is necessary to convert the actual 
F/14.7 Gregorian configuration of LBT to a faster one. Due to considerations on the focal plane dimensions and 
instrument allocation, we have modified the secondary mirror to obtain a classical Ritchie-Chretien configuration giving 
a telescope F/4 and a focal plane location at about 3 m over the primary mirror. The dimension of the obtained secondary 
mirror (diameter 1.56m) allows an unvignetted Field of View of about 2.5 degrees, corresponding to a focal plane of 
1.55 m. Currently, we have not considered the insertion of aspheric terms on the mirror shape but this solution will be 
investigated in future if the final optical quality obtained will turn out to be not satisfactory. An overview of the F/4 LBT 
is given in Fig. 2. As expected, on this focal plane, the optical quality is quite poor having diffraction limited quality on 
axis but deteriorating quickly as we move to off-axis fields. We emphasize that this is the quality provided by the 
Ritchie-Chretien configuration with a curve focal plane over a wide FoV, being thus very difficult to obtain better 
performance at this stage, and leaving the additional correction to be performed by each individual module of the wide 
field spectrograph. 
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Fig. 2. LBT in F/4 Ritchie-Chretien configuration.  

2.3 Modules design 

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. Fig. 3 shows the concept and the dimensioning of a single 
module, to which we will refer in the following explanation. Each channel has a size (LFP1), with an angular dimension 
of 3 arcmin, corresponding to 29.3 mm at the focal plane: this gives 50 channels along the diagonal of the field of view. 
The pupil re-imager 1 is a group of lenses starting with a square field lens, and reforms the telescope exit pupil with a 
dimension lower than the field lens one. For each module, an ad-hoc off-axis corrector plate is placed at the re-imaged 
pupil location and corrects the “common” aberration over the field of view; for this reason, it is the only optical element 
specialized for each module. The following camera 1 reforms a F/2 focal plane (LFP2 14.6mm). The focal plane FP2 is 
where the slits have to be placed for a classical spectrograph configuration or where the optical fibers should be feed in 
the case of a spectrograph located elsewhere. We consider in the following a classical spectrograph, here represented by 
the 1 to 1 re-imaging system (pupil re-imaging 2, camera 2) with a dispersion grism in the intermediate pupil. 

F/4 
F/2 

F/2 

 
Fig. 3. Scheme of the optical concept of a single channel. 
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One of the main issue for the design is the pupil re-imager 1. It is basically a focal reducer starting with a square field 
lens and having the following group of lens smaller then the field lens to allow multi-modules and micro-mechanism 
allocation. Moreover, being the optics group equal for all the channels, the collimator of the pupil re-imager 1 has to 
work with an angle greater than the one subtended by the telescope exit pupil by a quantity depending on the position of 
the channel at the edge of the field of view. In particular, for the case study, the subtended angle by the telescope exit 
pupil is 14.25 degrees while the collimator has to work with 26.45 degrees. The collimator is quite fast, i.e. F/1.6. The 
obtained pupil quality for the monochromatic case is better then 2% of the pupil size while it is about 4% over the whole 
spectral range. 

Currently, the correctors have been represented with a plate of BK7 with the shape determined by 37 Zernike terms as 
coherently with the simulations. The correctors shape has been optimized for each module separately.  

The camera 1 has then been designed to have an F/2 focal plane, taking into account that all the lenses have to be smaller 
then the initial field lens. The focal reducer with pupil corrector for the central module is shown in Fig. 4. 

The 1 to 1 re-imaging system has been design with the same size limits for the lenses, paying attention to have enough 
focal extraction in FP2 and in the pupil P2 to allow the mechanism to change slits positions and grisms respectively. The 
1 to 1 re-imaging system is shown in Fig. 5. 

 

 

FP1 FP2

Off-Axis 
Corrector 

Collimator Camera 

 
Fig. 4. Layout of the focal reducer F/4 to F/2.  

FP2 FP3 Collimator Camera Grisms 
location 

 
Fig. 5. Layout of the 1 to 1 re-imaging system. 

The optical quality has been compared with the simulations in the monochromatic case. As first step we have disposed 
the modules along the telescope flat paraxial focal plane. With reference to the squared dots curve in Fig. 1, the size of 
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the module field of view having image quality < 1 arcsec is slightly worse of the simulated one with a field of view 
reduction of about 50% at 1.25 degrees from telescope optical axis. Being the optical quality at the telescope paraxial 
focal plane very poor at the edge of the covered field of view (80% EE diameter is about 100 mm), the light coming from 
such a field will be spread over more than nine modules making the efficiency very poor (light split into several 
modules).  

A way to overcome the problem and, at the same time, to improve the corrected field of view of each single module is to 
position and tilt the modules along the telescope curved focal plane. For each module, we determined its position and tilt 
by considering the better image quality and the tilt of the chief ray of the local central field. The layout of the modules 
allocation is shown in Fig. 6. Moreover, this disposition guarantees also more space among the channels for the 
mechanism allocation. In Fig. 1 (circle dots line), the comparison with the simulations shows that the modules allocation 
along the curved focal plane ensures that the required image quality of 1 arcsec is achieved over a wider field of view 
with the only exception of the edge of the FoV. 

Of course, the problem of the common spots among different modules still exists but it is minimized. In the case of fields 
images falling at the edge between two modules, the light will be processed and focused by the two modules separately 
giving two images of the same field (see Fig. 7). This implies an oversize of each module focal plane (meaning an 
oversize of the detectors to be used) in order to capture the light from the overlapping fields and minimizing the 
vignetting effect. 

Currently, our polychromatic design has not the same performance as the monochromatic one but is approaching the 
arcsec class realm.  

 

 

Telescope 
Optical axis 

CH1 

CH5 

CH10 

CH15 

CH20 

CH25 

 
Fig. 6. Allocation of the modules along the curved focal plane (only the first collimator is shown). 
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Fig. 7. Behavior of an overlapping field falling between two modules. 

3. MICRO-MECHANISMS 
In the case of a conventional grism-based spectrograph, micro-mechanisms are required for movable slits and grisms 
insertion for each of the module. The worst situation is for the modules in proximity of the telescope optical axis where 
the relative tilt among the modules is almost zero. Currently, the space available is about 8 mm in the worst case that 
ensures enough volume for the last generation of motorized micro-mechanisms. Some smart solutions can be 
implemented on the lens holders to allow a convenient movement as, for example, the linear motorized axis shown in 
Fig. 8. A concept movie showing how each components works can be find at the web link: 

 http://www.youtube.com/watch?v=dDSBtJdaX-o  

 
 
 

 
Fig. 8. Possible linear motorized axis integrated on lens holder.   
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4. CONCLUSIONS 
As already mentioned, a lot of scientific interest has been shown in the recent past around such a seeing limited wide 
field spectroscopic instrument, as it can be seen from the high astronet (a consortium created by a group of European 
funding agencies with the aim to identify a mid/long term plan for the development of Astronomy in Europe) ranking 
achieved. 
Furthermore, in the era where the construction of Extremely Large Telescope is starting, a 10 meter wide field telescope 
assumes even more relevance also intended as science catcher for them. 
This is why this preliminary study, tuned for the LBT case (even if also a VLT study is going to start) assumes a lot of 
importance, showing a possible optical concept for such a wide field instrument. 
Indeed an approach looking at the system as a whole is probably required to obtain a good optical quality over the 
complete FoV, even if also with the serial approach used for this study (each modules group studied as an individual 
component) the result is not far from the goal of 1 arcsec of image size over the 2.5 deg FoV. 
INAF just gave to a few Italian institutes an initial funding, which can be the start of a more detailed study that might 
finish, in a few years from now, with a prototype of one complete module to be tested on a 8 meter class telescope. 
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