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ABSTRACT   

SHARK-NIR is an instrument which provides direct imaging, coronagraphic imaging, dual band imaging and low 

resolution spectroscopy in Y, J and H bands, taking advantage of the outstanding performance of the Large Binocular 

Telescope AO systems. Binocular observations will be provided used in combination with SHARK-VIS (operating in V 

band) and LMIRCam of LBTI (operating from K to M bands), in a way to exploit coronagraphic simultaneous 

observations in three different wavelengths.  

A wide variety of coronagraphic techniques have been implemented in SHARK-NIR, ranging from conventional ones 

such as the Gaussian Lyot, to others quite robust to misalignments such as the Shaped Pupil, to eventually techniques 

more demanding in term of stability during the observation, as the Four Quadrant; the latter is giving in theory and 

simulations outstanding contrast, and it is supported in term of stability by the SHARK-NIR internal fast tip-tilt loop and 

local NCPA correction, which should ensure the necessary stability allowing this technique to operate at its best. 

The main science case is of course exoplanets search and characterization and young stellar systems, jets and disks 

characterization, although the LBT AO extreme performance, allowing to reach excellent correction even at very faint 

magnitudes, may open to science previously difficult to be achieved, as for example AGN and QSO morphological 

studies. 

Adaptive Optics Systems VIII, edited by Laura Schreiber, Dirk Schmidt, Elise Vernet,
Proc. of SPIE Vol. 12185, 1218522 · © 2022 SPIE

0277-786X · doi: 10.1117/12.2630083

Proc. of SPIE Vol. 12185  1218522-1
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 09 Jan 2023
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



 

 
 

 

The institutes participating to the SHARK-NIR consortium which designed and built the instrument are Istituto 

Nazionale di Astro Fisica (INAF, Italy), the Max Planck Institute for Astronomy (MPIA, Heidelberg, Germany) and 

University of Arizona/Steward Observatory (UoA/SO, Tucson, Az, USA). 

We report here about the SHARK-NIR status, that should achieve first light at LBT before the end of 2022. 
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1. INTRODUCTION  

SHARK (System for coronagraphy with High order Adaptive optics from R to K band)
 [1]

 is an instrument proposed for 

the LBT
[2]

 in the framework of the “2014 Call for Proposals for Instrument Upgrades and New Instruments”. It is 

composed by two channels: SHARK-VIS
[3]

, working from 0.5µm to 1µm, and SHARK-NIR
[4]

, working in the near 

infrared bands, Y, J and H, operating from 0.96µm to 1.7µm. These two coronagraphic cameras will take advantage of 

the extreme AO correction provided by LBT AO, which has been recently upgraded from FLAO (First Light Adaptive 

Optics
[5]

) to SOUL (Single Conjugated Adaptive Optics Upgrade for LBT
[6]

 ), the AO WFS system which is based on 

the pyramid WFS
[7]

 and using the Adaptive Secondary Mirror (ASM) corrector
[8]

. 

The Pyramid WFS has a demonstrated gain in sensitivity compared to other WFSs (
[10], [11], [12], [13], [14]

), giving in this way 

the possibility to achieve, with SOUL, high SR (of the order of 70%) at moderately faint magnitude (R~13 or even 

occasionally fainter, depending on the observing conditions
[6]

). 

This performance will open the field of high-contrast AO coronagraphic imaging to stars much fainter than required by 

other coronagraphic instruments, allowing deep search for planets around targets like, e.g., M dwarfs in nearby young 

associations and solar type stars in nearby star-forming regions (Taurus-Auriga at 140 pc). Also in the extragalactic field, 

the sample of AGN and, above all, of Quasars to be explored will go from a few tenths to a few hundreds, changing the 

perspective of the science to be achieved. This is definitely the characteristic that may give to SHARK-NIR unique 

opportunities in the coronagraphic instrument scenario. 

Furthermore, the spectral coverage of the two SHARKS in coronagraphic direct imaging mode, used in combination with 

LMIRcam of LBTI
[15],[16]

, will go from V to M band, giving to LBT the unique capability to make contemporary 

coronagraphic observations with the three instruments, a unique scenario for coronagraphy in the framework of the 

modern planet finders (see [17], [18], [19] and [20]). 

SHARK-NIR recently passed the Preliminary Acceptance Europe (PAE) and it has been shipped and successfully re-

integrated in the LBT laboratories. During the next pre-commissioning runs, it will be installed on the telescope and 

extensively tested day-time, to possibly start the on-sky commissioning in January 2023. 

2. SHARK DESCRIPTION 

SHARK-NIR is a camera for direct imaging coronagraphy and spectroscopy, using the corrected wavefront provided by 

the LBT Adaptive Secondary Mirror (ASM), operated through one of  the LBTI SOUL WFS. In Figure 1 and Figure 2 

the opto-mechanical bench and the optical concept of the instrument can be respectively seen. 

 

 
Figure 1: the SHARK-NIR opto-mechanical bench (CAD view on the left, real instrument on the right) 
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The instrument is designed to deliver a very good optical quality, in order not to limit the performance provided by the 

AO system. In this way, the Strehl Ratio achievable by SHARK-NIR should as high as possible, in order to concentrate 

the majority of the light within the PSF star core, to maximize the achievable contrast. 

Thus, all the optical components have been machined to reach a very good flatness and a very small roughness, and they 

have been assembled in stiff mounts and aligned interferometrically to ensure the best possible final optical quality. The 

mechanical bench that is holding the opto-mechanical components has been designed to be stiff and compact, and a 

system of astatic leverages has been implemented to minimize the effect of the flexures with gravity changes (the 

instrument will move with the telescope altitude and will de-rotate for field stabilization on a bearing).  

An Atmospheric Dispersion Corrector (ADC) is permanently inserted into the optical beam, in order to maintain a very 

good performance also at large zenithal distances.  

The scientific camera is based on a Teledyne H2RG detector, providing a FoV of about 18”x18”. The wavelength range 

of the camera is between 0.9 and 1.7 microns, and the plate scale is such that the camera is Nyquist sampled in Y band 

(the are a bit more than two pixels on the diffraction limit PSF at 0.96µm). 

An internal low order DM (ALPAO DM 97-15, with 97 actuators), positioned in the pupil plane, is used for two very 

important purposes: 

 To locally correct for the instrument Non Common Path Aberrations (NCPA), thus allowing to avoid 

introducing them on the ASM (as it is done for the other LBT instrument using AO), in a way to keep the star 

image on the pyramid WFS as small as possible, not to decrease the AO loop performance; in this way, the 

instrument can take full advantage of the pyramid sensitivity gain, which is maximized when the PSF becomes 

diffraction limit. 

 To compensate for local vibrations not seen by the AO WFS, in a way to minimize the residual star jitter; such a 

fast tip-tilt loop is closed using a dedicated T-T sensor (based on the First Light C-RED2 camera), which has 

been placed after the first pupil plane, where a beam splitter positioned into the collimated beam picks-up few 

percent of the light (10%) and sends it to the sensor. A Wave Front Computer (WFC, which is realized by 

Microgate) allows the fast T-T correction achieved with the DM, which maintains at the same time the proper 

shape for the Non Common Path Aberrations (NCPA) local compensation. 

 

Two filter wheels placed in the collimated beam are carrying the scientific and the neutral density filters, to optimize the 

amount of light reaching the scientific camera and to select the proper filter for the scientific observations. 

 

 
Figure 2: the optical path of SHARK-NIR 
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On the coronagraphic side, the planes available within SHARK-NIR are two pupil planes and one focal plane, as it is 

shown in Figure 2. After a long trade-off study, performed during the instrument design, also based on end-to-end 

simulations, three different coronagraphic techniques have been implemented: 

 The Gaussian Lyot, which foresees a Gaussian stop positioned on the focal plane and a Lyot stop on the second 

pupil plane 

 The Shaped Pupil (SP), which foresees an apodizing mask positioned close to the first pupil plane, a stop in the 

focal plane and a Lyot stop on the second pupil plane 

 The Four Quadrant Phase Mask (FQPM), which foresees a “knife edge” like mask in the focal plane and a Lyot 

stop on the second pupil plane 

 

Three filter wheels are placed close to the first pupil plane, on the focal plane and on the second pupil plane, with the 

purpose to introduce the just mentioned coronagraphic masks, depending on the technique selected for the observations. 

Just before the lights enters the scientific camera, a pupil lens can be inserted into the optical path, with the purpose to 

create an image of the pupil on the detector, which is useful to properly co-align the pupil masks and to perform the 

alignment to the telescope pupil. 

Using the second pupil plane filter wheel, a Wollastone prism can be inserted into the beam, with the purpose to split the 

light into two beams orthogonally polarized, on which an additional filter wheel (positioned just before the scientific 

camera entrance window, to have the right separation of the two beams) can position couple of filters at different 

wavelengths, as it is shown in Figure 3. 

SHARK-NIR is also providing a low resolution spectroscopic mode, with the possibility to insert: 

 two coronagraphic slits with occulting masks in the focal plane wheel (100mas of slit width and two occulter 

sizes, 100 and 200 mas) 

 two dispersive elements on the second pupil plane filter wheel (a Prism with spectral resolution R=100 and a 

Grism with spectral resolution R=700)  

 

 
Figure 3: the Wollastone prism and the dual band filters available 

 

SHARK (VIS and NIR channels) will be installed at the entrance foci of LBTI (LBT Interferometer), as it is shown in 

Figure 4, using two deployable dichroics to feed the two SHARK channels. In this way, on the VIS side, the IR light is 

totally transmitted to LBTI, while on the NIR side, the Y, J and H bands will be sent to SHARK-NIR, while the bands 

≥K will go to LBTI. The dichroics is positioned just before the entrance window of LBTI, the latter transmitting the IR 

light to the interferometric focus and reflecting the VIS light to the Pyramid WFS . Such a dichroic, on the VIS channel 

would pick-up only a certain amount (selectable) of the VIS light, to feed with the rest the WFS, while on the NIR 

channel would pick up up only the Y, J and H bands, letting all the visible light going through. With this setup, SHARK 

will provide possible contemporary observations with three instruments at the same time from R to K bands. Such a 
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flexible configuration with several combined binocular observing modes is reflecting the request coming from the 

principal science cases, for which simultaneous observations in the VIS and NIR domain are required. 

 

 

Figure 4:  the two SHARK channels (red circles) installed at the LBTI entrance foci  

3. THE PRELIMINARY ACCEPTANCE EUROPE 

As already mentioned, SHARK-NIR has recently passed the PAE, which came at the conclusion of the extensive 

instrument testing phase performed in the laboratories of INAF Padova. In the following subsections we report a 

summary of the test performed and of the main results obtained. 

3.1 Final optical quality 

The optical quality of the instrument has been measured in J band with an interferometer on and off-axis against the 

bearing de-rotation, over the full 360⁰ rotation, although the real operational travel range of the bearing is 190⁰. The very 

good results obtained are reported in Figure 5. 

 

Figure 5: on the left side the on-axis optical quality vs bearing de-rotation, on the right side the off-axis optical quality 

(close to the edge of the field of view) vs bearing de-rotation 
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3.2 Coronagraphic masks test 

We tested all the coronagraphic masks on a dedicated coronagraphic bench at INAF Padova (which is sketched out in 

Figure 6), and we report in the following sections the test performed on the shape-pupil masks and on the four quadrant 

masks, with the purpose both to check the masks alignment procedure and to test their performance, in term of 

IWA/OWA and raw contrast. The Gaussian mask has not been tested on the coronagraphic bench since it had a very late 

delivery, and thus it has been installed directly on the instrument and tested successively there, as it will be shown in the 

following sections.  

 
Figure 6: bench setup scheme for the coronagraphic test bench. 

Shaped Pupil masks test 

Concerning the Shape-Pupil, 3 masks are foreseen to be implemented, characterized by different Inner Working Angles 

(IWA), Outer Working Angles (OWA) and discovery spaces. Figure 7 is showing the geometry of the 3 masks, and it is 

worth to be noted that: 

 The discovery space of the SP1 mask is 360⁰ 

 The discovery space of SP2a and SP2b is instead 210⁰, meaning that to exploit the whole area around the star 

two exposures with the 2 masks are needed 

 For all the masks shown it is evident the asymmetric shape, due to the fact that the design has been done to 

consider the peculiar shape of the LBT spider arm, holding the ASM 

 

Figure 7: the geometry of the 3 Shaped Pupil masks foreseen to be implemented in SHARK-NIR (left images), and the 

correspondent discovery space (right images) 
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The apodizing masks have been of course inserted in the dedicated wheel such that they are aligned with the LBT pupil 

orientation, and test concerning the foreseen alignment procedure have been carried on, showing that the masks can be 

aligned within the required accuracy. 

In Table 1 we report instead the measured Inner and Outer working angles, which are in very good agreements (within a 

few microns) with the requested ones. 

Coronagraphic mask 

technique 

IWA [µm] OWA [µm] 

theoretical measured Theoretical measured 

SP1_FPM_H 196 198 528 521 

SP2a_FPM_H 262 266 528 521 

SP2b_FPM_H 247 250 528 521 

Table 1: the IWA and OWA test result on the 3 Shaped Pupil masks 

 
We have also measured the raw contrast of the 3 shaped pupil masks, and compared them with the expected ones. Figure 

8 shows such a comparison, and it is quite evident that the measured raw contrasts are in very good agreements with the 

expected ones in the region of interest, which is between the IWA and the OWA. 

 
Figure 8: the measured raw contrast (compared with the simulated one) for the 3 shaped pupil masks 

 
Four Quadrant mask test 

 

The four quadrant mask realized for SHARK-NIR have been designed by Observatoire de Paris - LESIA, optimized at 

the wavelength of 1.6μm, in order to provide a rejection of more than a factor 500 in monochromatic light. The PSF peak 

intensity, with and without the coronagraph, is a function of  the wavelength; the phase mask is optimized to work at 

1.6μm but, in our case, we have a local minimum also at a wavelength around 550nm (see Figure 9), in a way that we 

can test this mask in the visible spectrum, which is for several reasons (essentially the typical wavelengths of the light 

sources and of the laboratories detectors) much easier in the laboratory. 

 

Figure 9: the attenuation of the four quadrant mask vs wavelength 
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Also in this case, we did set-up a coronagraphic bench to perform the test, which is shown in Figure 10 left side. On the 

same figure we also show the real images of the pupil and focal planes with the FPQM. 

In Figure 11 we report the remarkable result of the test, from which it looks clear that the achievable contrast (at 550nm 

wavelength) is of the order of 10
-5 

averaged over the full FoV of the mask, and it becomes even better in selected areas of 

the discovery space. 

  

Figure 10: on the left, the opto-mechanical setup used to test the FPQM; on the right, the real images of the mask 

generated in the intermediate pupil and focal planes 

 

 
Figure 11: The result of the FPQM test, in red the coronagraphic profile averaged over the whole discovery space 

 
3.3 Fast Tip-Tilt loop, NCPA correction and DM characterization 

We characterized the internal AO-channel in Padova laboratory in order to understand the capability to close the Tip Tilt 

loop at different R-magnitudes (R=9,10,11,12) and different frame rates (500, 1000, 2000 Hz) introducing a Tip Tilt 

history in the optical path (sending the disturbance directly to the DM) with different amplitude (15, 10, 5, 0 mas). In 

Table 2 we show which are the rms spread of the centroid positions when we close the loop starting from a combination 

of input parameters. 
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Table 2: performance of the tip-tilt loop in term of rms spread of the centroid position 

 
Then we explore which is the efficiency of the system to maintain a NCPA correction during a TT loop. To achieve this, 

we applied to the DM a shape characterized by a total rms correspondent to the one estimated through the instrument 

error budget (corresponding to about 100nm), generated with the proper spectrum, also estimated in the instrument error 

budget. In this case we use a SH-WF in order to track the stability of 30 Zernike’s modes during a TT loop: the rms of 

the distribution of the single aberration mode does not exceed 4 nm, and there is no significant difference among the 

values in open loop (with time history applied) and closed loop. The overall error on the wavefront in term of rms is 

given by the quadrature sum of each Zernike term rms contribution, and gives a value of the order of 8nm in the worst 

case. We can thus conclude that the shape assumed by the DM to correct for the NCPA is maintained down to <10nm of 

shape rms during the fast tip-tilt loop operations. 

We did also perform some other test related to the DM, which are summarized here: 

 We didn’t see any impact of the magnetic fields induced by the filter wheels on the DM behavior 

 We measure a creep effect in open loop whose drift is about 1,5% of the largest recently applied command, for 

each poked mode 

 

Table 3: the results of the flexure test in terms of PSF and pupil shifts everywhere “on sky”: the worst values obtained 

during the test are reported in the tables 

 
3.4 Flexures 

The overall instrument has been attached to a mechanical telescope simulator, which was mimicking the altitude 

movement of the telescope going from horizon to zenith, in order to check for flexures (for more details see [21]). The 
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test have been performed combining various observing altitudes (0, 5, 10, 15, 20, 30, 45, 60 degrees of zenithal distance) 

with various internal bearing rotation angles in its 180 degrees operative working range (130, 160, 190, 220, 250, 280, 

310 degrees). The summary, comparing the worst results obtained in the various combinations of “telescope” altitudes 

and instrument rotation angles to the requirements, is that we are compliant (often better) with the error budget both in 

pupil stabilized mode (in terms of differential shift between the PSF on the scientific camera and the PSF on the 

coronagraphic plane, of differential shift between the Lyot masks and the pupil on the scientific camera and of 

differential shift between the apodizing masks and the pupil on the scientific camera) and in field stabilized mode(in 

terms of differential shift between the PSF on the scientific camera and the PSF on the coronagraphic plane, of 

differential shift between the Lyot masks and the pupil on the scientific camera). In Table 3 a summary of the flexure test 

results can be found. 

4. FIRST PRE-COMMISSIONING RUN AT LBT 

SHARK-NIR has been shipped mid-June 2022 at LBT, and the first pre commissioning run started on June 25 and 

finished on July 12. Overall, it has been very successful, all the activities foreseen have been carried out and here is a 

summary (more detail can be found in [21]) of the activities performed during the run, the purpose of which was to re-

integrate the instrument in the LBT clean laboratory in the high-bay: 

- The instrument didn’t need any re-alignment after the shipping (NCPA of the instrument of the order of 35nm, 

as they were in Padova) and everything was functionally working 

- The workstations have been installed in the server room and the instrument has been successfully connected to 

the network; all the SW has been functionally tested and communication with the Telescope Control System 

(TCS) was properly working (see Figure 12 for more details). 

- We upgraded the Phase Diversity technique (to measure the instrument NCPA) installing two new lenses in the 

apodizers filter wheel (to collect more out of focus images), and it is now working better than before, sensing 

about 20 modes in a reliable and very accurate way (see [23] and [24] for more details). 

- The DM has been extensively tested and is performing very good too. 

- The internal fast TT loop is working as it was in Padova 

- The SCICAM is working very good, and the movement of the detector while rotating the instrument bearing has 

decreased of a factor about 2, after the maintenance/ performed at Steward Observatory. 

- The coronagraphic performance is very good with the Gaussian and Shaped Pupils masks, while we still have 

some problems in properly centring the FQPM mask, we will address this issue when the camera will be back 

cold and in the next pre-commissioning runs (see also [25]). 

- The instrument has been vacuum cleaned and closed with the carter protection 

- The final optical quality is excellent both on and off axis: after measuring the NCPA with the phase diversity 

and removing them with the internal DM, the residual wavefront error is less than 10nm, giving in Y band a 

Strehl of the order of 99% (see Figure 12). 

 

Figure 12: the on-axis PSF in Y band 
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CONCLUSIONS 

SHARK-NIR successfully underwent the PAE, it has been shipped to LBT and it has been successfully re-integrated in 

the telescope clean laboratory. All the instrument functionalities have been extensively tested during the first pre-

commissioning run, and the instrument is now ready for the installation at the telescope, that will happen in the second 

pre-commissioning run, most probably toward the end of September/beginning of October 2022. A third pre-

commissioning run is foreseen before the end of 2022, for day time testing activities, and the first commissioning run on 

sky is already foreseen in January 2023. 
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