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Abstract 

LINC-NIRVANA, an infrared camera working in a Fizeau interferometric layout, takes advantage of the Layer 

Oriented MCAO MFoV technique to correct a 2 arcmin FoV using only Natural Guide Stars (NGSs), exploiting 

the central 10 arcsec with a resolving power of a 23 meter telescope. For each arm of the LBT telescope 2 

WaveFront Sensors (WFSs) optically conjugated, respectively at ground and high (7 km) layers, are used to 

search for NGSs. To avoid unnecessary waste of photons the two sensors look at different FoVs. The  ground-

layer one, essentially limited by practical conditions, searches for up to 12 NGSs in an annular 2-6 arcmin FoV, 

while the high-layer one, limited by the pupils superposition, looks for up to 8 NGSs in the central 2 arcmin FoV. 

The concept has left paper's realm to become glass and metal a few years ago.  With the completion of the 2 high-

layer WFSs by INAF-Bologna and, recently with the successful tests performed on the first ground-layer WFSs 

by INAF-Padova, further followed by the GWS Pathfinder experiment to test the ground layer correction at LBT, 

in collaboration with MPIA-Heidelberg, the concept is finally getting closer to its on-sky commissioning, 

foreseen in the next very few years. 

In this paper the basic concepts of MFoV MCAO will be revised, the current status of the system described and 

the near future toward final completion of the instrument depicted. Moreover a possible path for this concept 

toward an ELT will be traced. 

1. Introduction 

Multiple FoV [1] adaptive optics has been theoretically devised as an evolution of Layer-orientedMulti-

Conjugated AO (MCAO)[2]in the early 2000s.Soon after, an instrument implementing this technique 

and looking up to 20 solely NGSs for each telescope arm, has been devised: LINC-NIRVANA (LN) 

[3], an interferometric imager for the Large Binocular Telescope (LBT), whose final design was 

approved in 2005. For each arm of the LBT telescope twoWaveFront Sensors (WFSs) optically 

conjugated, respectively at ground and high (7 km) layers, are used to search for NGSs. After almost a 

decadeLN MCAO subsystems have gone through a complex process of assembly, integration and 

verification and are now ready to be assembled onto the LN bench, which will delivered to the 

telescope in the next couple of years. Meanwhile, in the framework of Pathfinder experiment, one of 
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the Ground-layer Wavefront sensors has been installed onto the Gregorian Focal station of LBT to 

verify the ability to correct the ground layer turbulencethanks to its conjugation to the LBT adaptive 

secondary ([4], 672 actuators), looking up to 12  NGSs in a 2-6‟ FoV. 

A short description of the basic concepts behind Layer-Oriented MFoV technique will be presented in 

Section 2, along with the first on-sky results obtained; the main characteristic and actual state of LINC-

NIRVANA MCAO systems will be described in Section 3, and a possible path toward and ELT 

implementation of such a system will be sketched in Section 4. 

2. Multi-Conjugated Adaptive Optics 

Multi-Conjugated Adaptive Optics has been thoroughly described in previous papers [5], here will be 

recalled the main differences between the Star-Oriented (SO)technique and The Layer-Oriented  (LO) 

approach, differing in the way in which the WFSs operateand the DMs are controlled. 

In the first case, each WFS senses the whole column of atmosphere in the direction of a star (having 

one detector per reference object) and signals are combined during computation of turbulent layers, 

while in the LO case, the signal coming from all the reference stars is co-added (could be optically or 

numerically, but for what concerns this paper we just consider the first case), giving as main 

advantages a higher signal-to-noise ratio, therefore the limiting magnitude for guide stars is given by 

the integrated magnitude allowing to use fainter stars.  Moreover,each WFS is optically conjugated to a 

specific height and guides a DM conjugated to the same altitude.The LO method, having 2 independent 

loops,allows to vary the spatial and temporal samplingwhich optimizes the correction for each sensor, 

depending on r0 and τ0 estimated ateach altitude (r0 is usually higher for the higher layers while the 

wind speeds is lowerin the lower ones, allowing a longer integration time for the latter). The two 

concepts are represented schematically in Fig. 1. 

 

 

Fig. 1.Left: SO concept. Right: LO concept.In the SO one WFS is associated to each GS and a computer in real-

time sends commands to DMs, taking into account all the retrieved measurements. In the LO, instead,  the WFS is 

conjugated to a specific height associated to a DM and the 2 loops are independent. 

 

2.1. On-sky results 

In the last few years  two MCAO systems have succeeded into getting scientific results: MAD (Multi-

conjugate Adaptive-optics Demonstrator)and GeMS (Gemini MCAO System). 

MCAO adaptive optics has been demonstrated for the first time thanks to ESO‟s MAD, installed at 

VLT telescope, where both the SO and LO techniques have been implemented and tested, 

demonstrating the possibility to obtain a uniform and stable PSF over a 2' FoV, achieving around 25% 

SR in K-band [6].It is worth highlighting that even being just a demonstrator, MAD allowed to obtain 

science results. The complete list of published scientific papers is reported in [7]. On 23 nights of 

observations (to be devised under rigid constraints), 19 papers were published on refereed journals and 
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on 6 nightsin which the LO mode was used, 7 papers were published, showing the great impact on 

science of this technique. 

The second and yet the only MCAO science instrumentis a laser system,whose first light was in 2011 

andhas achieved a 35 % SR in H-band for a large FoV of 85 x 85 arcsec and excellent PSF uniformity 

[8].More on-sky results have just been presented but are not fully available at the time of this writing 

[9]. 

2.1. Multiple Field of View 

Multiple Field of View (MFoV) Layer Oriented conceptis an extension of the previously described LO 

technique, where every sensor looks, though, ata different FoV.In this way one of the main issues 

related to LO, especially if using NGSs, the splitting of the light towards the 2 sensors, is 

overcome.The concept is linked both to the fact that the telescope entrance pupil superimpositionon the 

WFS decreases as the FoV and the altitude increase (see Fig. 2 representation) and to the fact that 

enlarging the corrected FoV, a minor depth of focus is corrected (FoV vs. thickness rule recalled in 

[10]). The best compromise for this two issues is that a larger FoV will be used for the ground-layer 

conjugated WFS, recalling that ground-layer has been proved to be the strongest layer at every studied 

site and is concentrated in a few tenth of meters. 

In such a system, the probability of finding reference stars, and consequently the sky coverage, is 

increased.The corrected area is anyhow equivalent to the one sensed by the high layer WFS. 

 
Fig. 2. MFoV technique sketch: on the left is shown how it is possible to look at wide FoV for lower layer 

correction, while for upper layer correction is fundamental to search for star in a smaller FoV to maintain pupil 

overlap. 

3. LINC-NIRVANA 

LINC-NIRVANA, a near infrared camera working in a Fizeau interferometric layout, takes advantage 

of the Layer Oriented MCAO MFoV technique to correct a 2 arcmin FoV using only Natural Guide 

Stars (NGSs), exploiting the central 10 arcsec with a resolving power of a 23 meter telescope. For each 

arm of the LBT telescope 2 WaveFront Sensors (WFSs) optically conjugated, respectively at ground 

(about 100 m) and high layers, are used to search for NGSs. With respect to previous designs of the 

system [11], the height of the high layer, instead of being repositionable, will be fixed to approximately 

7 km height. 

As foreseen by MFoV technique, the two sensors look at different FoVs. The ground-layer one (GWS), 

essentially limited by practical conditions, searches for up to 12 NGSs in an annular 2-6 arcmin FoV, 

while the high-layer one MHWS, limited by the pupils superposition, looks for up to 8 NGSs in the 

central 2 arcmin FoV. The separation of the two beams is realized through an annular mirror positioned 

close to the GWS entrance focal plane. It can be seen, along with main LN components in the CAD 

drawing of the LN optical bench, in Fig. 3.Very close to the GWS entrance focal plane (characterized 

by an F/15 focal ratio), 24motorized remotely-controlled stages (in an x-y configuration) can position 
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up to12 optical devices named Star Enlargers (SE) inside the FoV, in order to select the NGSs to be 

used for the wavefront sensing. Each SE increases the F/# of the light coming from a reference star, 

enlarging the stars dimension but not their reciprocal distances, and focuses it on the pin of a refractive 

pyramid, afterwhich four beams are produced. AF/0.9 Schmidt-folded camera collects the beams 

produced byeach pyramid and superimposes them producing four common images of the entrance pupil 

of the telescope on the CCD (a Scimeasure CCD50 with 128 × 128 pixels, pixel-size 24 μm). The 

differential intensity distribution of the light between the pupils allows the reconstruction of the 

incoming wavefront, according to the PyramidWFS concept [12]. 

Another crucial characteristic of LN MCAO system is the fact that wavefront sensors are pyramid 

wavefront sensors, and, therefore, the gain in magnitude provided by optical co-addition of the lightcan 

be further extended as shown in [13, 14]. 

 

Fig. 3: LINC-NIRVANA optical bench. In the orange window is shown the annular mirror and a sketch of how it 

allows to split the incoming beam into twoFoVs. The inner 2‟ goes to the MHWS sensors, while the external 

annular 2-6‟ to the GWS sensors. 

The MHWSs operate on the identical principle as the GWSs, however guide-stars only partially 

overlap.The output slopes of the MHWS drive theXinetics-349DM.  

The 2 high-layer WFSs have been through the AIV process atINAF-Bologna, ended in early 2009, and 

afterwardseach one at a time has been integrated at MPIA laboratory in Heidelberg with its 

DM.Together with a telescope simulator, including a rotating field and phase screens that introduce the 

turbulence of the atmosphere,the acquisition of multiple guide stars was tested, the system was 

calibrated with the push-pull method and the AO loop was closed with up to 200 Zernike modes and 

multiple guide stars, achieving a uniform correction along the FoV. Further details on this topic can be 

found in [15]. 
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Fig. 4: MHWS sensor optical assembly in MPIA Heidelberg lab [Picture Credits: T. Herbst] 

Concerning the GWS subsystems, their assembly and internal alignment have been performed at 

INAF-Padova. The first of the two sensors, GWS DX, has successfully performed in all tests, despite 

the challenges in maintaining pupils superimposition for the light coming from the 12 pyramids. The 

details of aligning such a complex system with more than 100 degrees of freedom can be found in 

[16].In mid 2012 at MPIA premises flexures test have been performed. LN bench has been tilted up to 

60° (see Fig. 5 right) and the performance optically analysed. The final results, translated from RMS 

pupil blurs(Fig. 5 left) in terms of  achievable SR on the WFS camera, can be seen in Table1. Even in 

the worst condition (60° bench tilt), which will unlikely take place during a 10 minutes observation 

(max allowed for interferometric reasons),  the system is fulfilling the top-level requirements. GWS 

SX, internally aligned, is at the moment on its way from Padova to Heidelberg, where flexure tests will 

be performed early 2014. 

Table 1. Top-level requirements in J and K and the relative values obtained during flexure tests for 15, 30, 45 and 

60 degrees of LN bench tilt. 

Bench Tilt Req 15° 30° 45° 60° 

SR (J) 0.60 0.76 0.73 0.65 0.60 

SR(K) 0.85 0.92 0.90 0.87 0.85 
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Fig. 5 Right: GWS installed on LN optical bench for flexure tests.Left:final results obtained from flexures tests 

expressed in RMS blur. This values have been converted to SR and are shown in Table 1. 

A further step on MFoV way to the sky,concerning GWS DX is Pathfinder experiment at LBT, whose 

first light is foreseen in November 2013.The main components of the systemareGWS DX, the annular 

mirror and IRTC, a scientific test camera. They have been assembled and aligned wrt to the telescope 

optical axis (further up-to-date information can be found in [17]).Pathfinder main goal is to test the 

ground-layer correction at LBT, driving the Adaptive Secondary Mirror.Moreover, due to the high 

complexity of LNcomplete instrument it is extremely important to get prepared step by step to its  on-

sky commissioning, foreseen in the next couple of years. 

 

Fig. 6 GWS DX installed at LBT Gregorian Focal Station for Pathfinder experiment. lab [Picture Credits: H. 

Baumeister] 

4. MFoV path toward ELTs 

To get a better understanding of the feasibility of a 6‟FoV GWS onto an ELT, GMT has been taken as 

example. 

In Table 2 are summarized the main values related to the telescope (first three lines) and values related 

to 6‟ FoV LN GWS system at LBT translated into GMT in a simplified approach.  

It looks like most of the issues related to technology are already solvable, except for the realization of 

an F/0.9 optics of larger size, which might be challenging. Furthermore at the moment a single CCD 

would not be able to contain the 4 pupils imaged through the pyramid, but in case 512 x 512 CCD will 

not become available on time, a mosaic of 4 CCD220 could be used. Concerning SEs, they  would 

certainly be very huge probes, and smarter ideas might be considered to replace them. 

Therefore, in principle, and considering the higher challenge in realizing such a system with larger 

optics, linear stage needing a very low wobble on a wider range solvable with technology of next years, 

thinking to devise a smart solution to obtain the needed F/0.9, we can consider GWS sensor scalable to 

an ELT telescope. 

We dare saying that LN can be already considered an ELT instrument due to its high complexity. 
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Table 2. Main characteristics of a 6‟ FoV GWS for LBT (real) hypothetically translated for GMT. 

 LBT GMT 

Primary mirror 8.4 7 x 8.4 m (25.5 m effective area) 

Focal ratio F/15 F/8.2  

Plate-scale 1.65 ”/mm 1 ”/ mm 

6’ FoV 218 mm 360 mm 

Stages range 100 x 100 mm 165 x 165 mm 

Pupil Re-Imager F/0.9 F/0.9 Larger optics (possible issue) 

Enlarging factor 

SEs 

12.5 (~ 350 mm long 

device) 

37.4 (~ 1000 mm long device, can be reduced by a 

factor 2) 

Pupil size 48 pixels (24μm) 145 pixels (24μm) 

CCD dimension  

(same sampling) 

e2v CCD50 128 x 128 

pixels 

4 * e2v CCD220 

4 * (240 x 240 pixels)  

or CCD 512 x 512 (TBD) 

 

5. Conclusions 

After revising basic concepts behind Multiple FoV LO technique, an update of the MCAO subsystems 

of LINC-NIRVANA has been given. All 4 WFSs have been designed, integrated and internally aligned 

at Italian premises: GWSs at INAF-Padova (March 2012 and September 2013) and MHWS at INAF-

Bologna (2008). GWS DX and MHWSs have been tested to perform inside top-level requirements in 

all working conditions, in particular GWS flexure was the one with higher risk coefficient, since, being 

a system with so many degrees of freedom it was hard to simulate its behavior. MHWSs full optical 

train have been aligned and tested at MPIA and, simulating turbulence,  the loop has been closed, with 

up to 200 Zernike modes on Xinetics-349 DM looking at multiple stars. GWS SX will be very shortly 

shipped to Heidelberg where flexure tests will take place. Finally, GWS DX is the main component of 

the Pathfinder experiment, whose first light is foreseen in November 2013 and whose main aim is to 

verify the ability of the system to close the loop on the LBT ASM with its 672 actuators. 

Despite the high complexity of LINC-NIRVANA, where two up to 40 solely NGSs MCAO systems 

are foreseen  for the infrared interferometric imager, and even though just over a decade has gone since 

the “first light” of MFoV concept, we can affirm that the paper‟s realm has certainly been replaced by 

heavy but finely refined metal, which carries a lot of manpower behind and which is, at the moment, 

fulfilling the top-level requirements in terms of achievable SR on the WFSs, making the MFoV way to 

the sky very realistic to happen in the next very few years. 

At last a path to the feasibility of a possible ELT application of MFoV considering  the scaling of LN 

GWS system has been sketched on GMT, showing how technology should not be a show-stopper for 

such a realization. 
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