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… and long-term motivation: 
 

Thanks to βPic wonderful driver and to all the actors 
along this constantly renewed 30-year study   
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  High contrast detection capability 
 Extreme AO  
 Coronagraphy  
 Differential detection: high image stability, multi-lambda 
simultaneous observation (IFS, imaging), polarization  

  for a large sample of bright stars 
  optimal correction up to R ~ 9-10 (…and up to R>11 ! ) 

  Separations: optimized for the 0.2 – 0.8’’ range, with access 
to separations down to <50mas, and up to 6’’ 

  Complementary information in Vis and NIR: 
 High angular resolution imaging in a variety of filters 
 Spectral characterisation up to medium resolution 
 Polarization and diff. Imaging in NIR and VIS.  

Designed for planetary system studies 



 
 
 
 
Common Path 

Fore 
optics 

Extreme 
AO 

NIR 
Coronagraph 

Vis 
Coronagraph 

ZIMPOL 

IFS 

IRDIS 

High frequency AO correction (41x41 act.) 
High stability : image / pupil control 
Visible – NIR Refraction correction 
FoV = 12.5’’ 
40x40 SH-WFS in visible 
1.2 KHz, RON < 1e- 

Pupil apodisation,  
Focal masks: Lyot, A4Q, ALC.  
IR-TT sensor for fine entering 

Coronagraphic imaging: 
Dual polarimetry, direct BB + NB.  
λ = 0.5 – 0.9 µm,   
λ/2D @ 0.6 µm,  FoV = 3.5” 

0.95 – 1.35/1.65 µm  
λ/2D @ 0.95 µm,  
Spectral resolution: 
R = 54 / 33 
FoV = 1.77” 

0.95 – 2.32 µm; λ/2D @ 0.95 µm  
Differential imaging: 2 wavelengths, 
R~30, FoV = 12.5’’ 
Long Slit spectro: R~50 & 400 
Differential polarization Nasmyth platform, static bench,  

Temperature control, cleanliness control  
Active vibration control 

Beam control 
(DM, TT, PTT, 
derotation) 
Pola control 
Calibration 

Concept overview 



SPHERE: sub-systems main properties 
ZIMPOL IRDIS IFS 

FoV Sq 3.5’’ (instantaneous) 
Up to 4’’ radius (mosaic) 

Sq 11’’ Sq 1.77’’ 

Spectral Range 0.5 – 0.9 µm 0.95 – 2.32 µm 0.95 – 1.35/1.65 µm 
Spectral 
information 

BB, NB BB, NB 
Slit spectro: 50/400 

50 / 30 

Linear 
Polarisation 

Simultaneous on same 
detector, x 2 arms, 
exchangeable 

Simultaneous dual 
beam, exchangeable 

x 

Coronography: no /4Q / Lyot 
Rotation at Nasmyth: 

Pupil-stab. (instrument fixed wrt tel.) 
Field-stab (slit spectro, long DIT…) 
No rotation: minimize crosstalk…)   

  

AO sensitivity for high contrast: R=9.5 for 
NIR; R=9 for R; R=7.8 for whole VIS 

Separation range where improved contrast: 2 - 
20 λ/D, ie 30-300 mas in R, or 80 – 800 mas in H 

Mode switching: not VIS and NIR in same night 
   





  Acceptance in Europe: Dec. 2013 
  Packing and shipping: Jan.-Feb. 2014 
  AIT in Paranal: March-April 2014 
  1st light: May 4th 
  Commissioning: 4x12n May, July, 

August, October.  

  1st open Call for Proposal:  Sept 2014 

  Science Verification: Dec 2014 

First light (May 4th) 
 



High contrast in the correction area 

High resolution PSF Saturated PSF 

Coronagraphic image 

Image at 1.28 µm  
 

~ 3-20 λ/D 



Down to very short separations 

~ 4-20 λ/D 

Moderate contrast  Δm~5, at 95 mas ! 

Y band (1 µm) H band (1.6 µm) Ks band (2.2 µm) 

Apodised PSFs 

Coronagrpahic images 



0.15’’ 

Imaging in I band (0.8 µm) 

Zimpol PSF 

V band (0.55 µm) Hα (0.65 µm) I band (0.82 µm) 

Down to very short separations 



Up to « wide field » 

11’’  IRDIS FoV 

IFS: 1.8 ‘’ FoV 
 
ZIMPOL: 
 
-  3.5’’wide instantaneous 
-  up to 8’’ diameter with off-

axis mosaic (not offered in 
P95) 

 



High contrast in the correction area 

Image at 1.28 µm  
 

Role of AO spatial filter 



Deep companion search 

  « raw contrast » already helps a lot ! 

Real-time display: subtraction of 2 
single frames 
 
Reduction: none ! 
 
Conditions: moderate to poor 



Δmag = 10.75; sep=0.69″ 

 HD114174 (white dwarf companion) 



 HR7581 (IRDIFS mode) 

J band snapshot image 

IRDIS H2 band, simultaneously with IFS Y-J 
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Very high SNR detection of 
Δm~9 companion at 0.24’’ 



IRDIS H2 band, simultaneously with IFS Y-J 

Full automatic operations and high performance already demonstrated  
 
Ultimate performance: … following steep learning curve !  



Dual band Imaging 



IFS spectral characterization 
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Test case: PZ Tel b         (on-going IFS data analysis: Maire, Gratton, Bonnefoy, Vigan..)  



IRDIS Long Slit Spectroscopy 

LRS R~50 MRS R~350 
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Star core under blocking mask 

dispersed stellar speckle  

Spectral information up to Ks, or up to R~350 
Speckle subtraction down to >~ 105 contrast           (on going analysis; A. Vigan) 



SPHERE/IRDIS BH band (1.45-1.71µm) 
ADI intensity image    (not corrected from ADI artefacts) 
(Milli, Vigan et al: on-going) 

 HR 4796 disk in IR and visible 

SPHERE/ZIMPOL narrow R (photon-starving) 
Polarized intensity image 
(Avenhaus, Thalmann et al, on going) 
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 Contrast in visible 
speckle subtraction in dual-polarization 
demonstrated  down to few 10-6 

(without ADI or other technique) 

0.2’’ 

Δm ~12 

ADI intensity in I band  
                          (LOCI, Thalmann) 

ADI imaging also very efficient 
 
Plus Spectral Differential Capability 
(eg simultaneous Hα – Cnt Hα ) 
 

0.2’’ 



 
  1st open Call for Proposal:  Sept 2014 
  Science Verification: Dec 2014 

  A great step forward in contrast wrt 
previous generation 

  Comprehensive set of complementary modes: 
  Colour information (BB, NB) from V to Ks band 
  Spectroscopy (IFS, slit spectro) 
  Polarization information(*) 
  Various PSF subtraction possible approaches 

  Science to be produced by a large community 
  





ZIMPOL filters 



 Titan in NIR and visible 

Methane band at 1.59 µm Mistral deconvolved image  Cassini synthetic data 

Thick polar haze Polarimetry allows to study limb 







RMag 9.5                                                                                   Vmag 13.5  

   SR = 88 ± 3  %                                                   SR = 45  ± 3 %        in H band  


