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SCIENCE TARGETS

Main science target: direct imaging of exo-planets/ BDs (detection and characterization):

- require high angular resolution and contrast

- can be observed at different wavelength

Other science:

ÅProtoplanetary disks

ÅStellar jets

ÅAGN/ QSOs

ÅSolar system bodies (Main belt &

trans-neptunian obj.)



THE SHARK-NIR CONSORTIUM

VStewardObservatory(LBTIinterfaces, NIRcamerasub-system)

VMPIA(Motors electronicsandSWdesignsupport)

VIPAG(Coromaskdesign)

VINAF-Brera(Dispersiveelementsdesign)

VINAF-Trieste(Dataarchiving)

VINAF-Arcetri(AOInterface)

VINAF-Roma(Synergywith VISChannel)

VINAF- Padova(seenextslide)

VScienceteam (astronomersfrom 12 institutes, coordinatedby Valentina5ΩOrazi)



THE Padova SHARK-NIR TEAM

VPI: J. Farinato

VSystemEngineer: V. Viotto

VProjectManager: M. Bergomi

VOpticaldesign: D. Greggio, D. Magrin

VMechanicaldesign: TomelleriSrlwith a localinterface: L. Marafatto

VProcurement: M. Bergomi, D. Greggio,D. Vassallo,V.5ΩOrazi, L. Marafatto

VAIV Team: L. Marafatto, F. Biondi, E. Carolo, L. Lessio, G. Umbriaco,
M.Bergomi, J. Farinato, M. Dima,D. Greggio,D. Vassallo, K. Radhakrishnan

VSWTeam: M. DePascale, A. Baruffolo, D. Ricci,B. Salasnich, D. Fantinel

VDatareduction: D. Mesa, E. Carolo,D. Vassallo

VCoronagraphicperformance& simulation: D. Vassallo, E. Carolo

VScienceTeam: V.5ΩOrazi, R. Gratton, S. Desidera



Weight : 350kg
Size: 1500x 800x 800mm

OPTO-MECHANICAL LAYOUT



INSTRUMENT SPECIFICATIONS

ÁWavelenghts : 960-1700nm Y, J,H bands
ÁFoV: 18õõx 18õõ,along the diagonal 25.5ôõ
ÁDetector format used area: 1220x 1220pixel
ÁAiry Radius @Ȋ= 0.96ȋm: 29mas / 2 px (36ȋm)
ÁPlate-scale: 14.5 mas/pixel
ÁNominal Strehl Ratio (in all bands) > 98%
ÁStar magnitude : up to R=12

ÁObservation modes:
ÁImaging
ÁCoronagraphic imaging
ÁLong-slit coronagraphic spectroscopy
ÁDual -band simultaneous imaging



A SCIENCE CASE EXPLOITING THE 
CHARACTERISTICS OF SHARK-NIR

Planets in wide orbits of low -massstars (K/M dwarfs )

Most of the direct imagingsurveysare young stars, as planets and brown dwarfs are
brighter at youngages,andareusuallyphotometricallyvariableon varioustimescales.

Theidentificationand the physicalpropertiesof planetsin their veryearlystagesallowsto
obtain crucial information on the formation mechanisms(core accretion,disk instability)
andstudyof the interactionsbetweenplanetsanddisks.

SimultaneouswavelengthobservationĄ no needfor secondepochobservationto confirm
that the faint objectcloseto the targetstar isboundrather thana backgroundstar.

LSScanbealsousedfor confirmation
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IMAGING: SCIENTIFIC FILTERS 



THE HIGH -CONTRAST IMAGING FORMULA

How do we obtain high contrast in the vicinity of such bright stars? 

XAO correction +

Optimized wavefront control strategy +

Coronagraph(s)                                              +

Post-processing pipeline                               =

High contrast

External : SOUL

Internal : TT and NCPA compensation

Internal : ShapedPupils , Gaussian, 
4QPM 
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WAVEFRONT CONTROL

WFS Camera

ÅInGaAs camera (C-RED2)

ÅSensitive in the full SHARK -
NIR waveband (0.96-1.7 ȋm)

ÅFrame-rate up to 14 kHz
(with 32X32 px window)

ÅLow RON (<30 e- )

Å3-5 mas precision up to R=10 
@ 1KHz

Deformable Mirror

ÅALPAO DM 97 -15

Å97 actuators, 13.5 mm pupil, up to 2 
kHz speed

ÅNCPA can be corrected internally 
without affecting pyramidõs 
performance

ÅNCPA measured with phase 
diversity on science image

A deformable mirror to correct for instrumental aberrations and to stabilize the PSF 



WAVEFRONT CONTROL

R 
magnitu

de

Frame 
rate 
[Hz]

Injected vibrations

15 mas 10 mas 5 mas 

Mag 8
500 5.7 4.6 2.1

1000 3.2 1.5 1.2

Mag 9
500 5.9 4.1 2.3

1000 3.3 3.2 2.9

Mag 10
500 6.8 4.3 2.8

1000 --- --- ---

Mag 11 500 7.5

Open loop
Closed loop

Deformable 
Mirror

R=8
1000 Hz

R=11
500 Hz
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CORONAGRAPHIC PERFORMANCE

5-Ȓ detection limit in H band for seeing 0.4ó, Rmag=10 with SOUL



CORONAGRAPHS
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CORONAGRAPHS - GAUSSIAN

Apodizer Mask

1st pupil
plane

2nd pupil
plane

Occulter Mask Lyot Stop 
Scientific

image

Intermediate
focal plane

Science
focal plane

Weak 
companion

Lyotstop Weak 
companion

Field stabilized mode (de-rotator ON) requires circular symmetric masks

VGaussian Lyot
ÇOptimized for both J and H band 
ÇWhole FoV
ÇContrast 10-4 _10-5

ÇRobust to low -order aberrations, misalignments and jitter



CORONAGRAPHS ðSHAPED PUPILS

Apodizer Mask

1st pupil
plane

2nd pupil
plane

Occulter Mask Lyot Stop 
Scientific

image
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Science
focal plane

Weak 
companion

Lyotstop Weak 
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Pupil stabilized mode (de-rotator OFF)

VShaped pupil
ÇWorking in H band
ÇSmall FoV
ÇHigh contrast (10-5) near the star
ÇRobust to low -order aberrations, misalignments and jitter



CORONAGRAPHS ðSHAPED PUPILS
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CORONAGRAPHS - FQPM
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VFour-Quadrant Phase Mask
ÇWorking in H -band
ÇWhole FoV
ÇVery small IWA (from 2 Lambda/D)
ÇContrast 10-5

ÇHigh throughput

ÇBut more sensitive to misalignments / jitter



CORONAGRAPHS ðIN THE LAB



CORONAGRAPHS ðSPsIN THE LAB

SP1 APO+CORO SP2b APO+CORO

APO - PUPIL PLANE           PSF PLANE APO - PUPIL PLANE             PSF PLANE



CORONAGRAPHS ðFQPM IN THE LAB

Pupil plane FP w/ Lyot Stop

FP w/o Lyot Stop

Designed by Observatoire de Paris (LESIA )

In a squared area 25 ɚ\D



THE HIGH -CONTRAST IMAGING FORMULA
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SHARP ðThe SHARK pipeline



DUAL BAND IMAGING MODE

Radial FoV 1ó

DUAL BAND FILTERS

Name Ȋ1 [nm] ǤȊ1 [nm] Ȋ2 [nm] ǤȊ2 [nm]

HOLE (no DBI) - - - -

H2-H3 1593 53 1667 56

ContJ-Paȁ 1216 18 1282 21

ContH -Fe II 1558 25 1644 26

Phasediversity Window Defocusing lens
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WHEN: In the casewhere planetary objects have strong molecular
featuresin their spectrum,whereasthe host star hasa relatively flat
spectrum (e.g. T-Type sub-stellar objects showing deep molecular
absorptionbandscausedby H2O, CH4 andNH3).
HOW: By simultaneouslyacquiring two imagesof a system at two
close wavelengthslocated around one of these sharp features and
subtracting them, the star contribution can be partially eliminated,
andthe planetsignalrevealed

DUAL BAND IMAGING MODE SCIENCE EXAMPLE



SPECTROSCOPIC MODE (LSS)

DISPERSIVE ELEMENTS

Low Res Medium Res

Dispersing 
element

Prism Grism

R @ 1.33 um 100 700

CORO SLITS WITH OCCULTER

Slit width Occulter size

Coro slit 1 100 mas 100 mas

Coro slit 2 100 mas 200 mas

Focal plane

WHY: The implementation of a long-slit coronagraphic
mode allows spectral classification if Rṃ30 and
molecularband+atomicfeatureidentificationif Rṃ100



CURRENT SNAPSHOTs FROM THE CLEAN ROOM & 
LABs @OAPD



CURRENT SNAPSHOTs FROM THE CLEAN ROOM & 
LABs @OAPD

Main optical path aligned. Residual of the order of about 20 
nm rmsĄ 99% SR in J band
Verified also off-ŀȄƛǎ тΦрά ƻōǘŀƛƴƛƴƎ ŎƻƴǎƛǎǘŜƴǘ ǾŀƭǳŜǎ



MILESTONES

2016 Feb. Conceptual Design Review end 
2017 Jan. Final Design Review
2017 Apr . FDR delta review
2017 Jul. Board approval
2017 Aug . Start of procurement phase
2017 Nov . Start of AIV phasewith component tests
2017 Nov . Delivery of the Electronics Rack from MPIA to INAF 
2018 Oct. Delivery of the coronagraphic masks from IPAG to INAF 
2020 Jan. Delivery of the NIR camera sub-assembly from SO to INAF 
2020 May. Delivery of dispersive element
2020 Jun. End of SW MAIT 
2020 Jun. End of AIV phase
2020 Jul. PAE review
2020 Sep. Instrument arrival at LBT 
2020 Sep. Instrument pre-commissioning at LBT 
2020 Nov . Start of commissioning at LBT 
202   Jul. SHARK-NIR in operation



DONõT MISS the UPCOMING SHARK SCIENCE MEETING!!!

6-8 April 2020

INAF Headquarters, Monte Mario, Rome

The aim of this meeting is to bring the SHARK community together
(including new members!) in order to discuss the observational
strategy, the time sharing, and both corroborated and new science
cases.



Thank you for your
attention !



CORONAGRAPHS ðSP IN THE LAB FAKE PLANET

10-4

S/N = 36 @550nm

IWA


