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  Bruno	
  Lopez,	
  Stéphane	
  Lagarde	
  and	
  the	
  project	
  ConsorCum	
  



Descartes	
  and	
  Swedenborg,	
  	
  
17th	
  and	
  first	
  part	
  of	
  the	
  18th	
  centurie.	
  

	
  



The	
  protosolar	
  nebula	
  of	
  Kant	
  (1724-­‐1804)	
  &	
  	
  
Laplace	
  (1749-­‐1827)	
  



Known	
  at	
  the	
  Kant	
  and	
  Laplace	
  epoch	
  

-­‐	
  Planets	
  :	
  Mercure,	
  Venus,	
  Mars,	
  Jupiter,	
  Saturne,	
  (1781)	
  Uranus,	
  (1847)	
  Neptune.	
  
-­‐	
  Galilée	
  refractor	
  (1609)	
  et	
  Newton	
  telescope	
  (1668).	
  
-­‐	
  Kepler	
  planet	
  orbits	
  (1571-­‐1630).	
  
-­‐	
  Messier	
  planetary	
  nebulae	
  catalogue.	
  Charles	
  Messier,	
  1730-­‐1817.	
  
	
  
	
  
Not	
  known	
  :	
  the	
  galaxies	
  :	
  Hubble	
  1889-­‐1953.	
  











How	
  the	
  planets	
  form	
  and	
  evolve,	
  requires	
  
the	
  understanding	
  of	
  protoplanetary	
  disks	
  
	
  



How	
  the	
  planets	
  form	
  and	
  evolve,	
  requires	
  
the	
  understanding	
  of	
  protoplanetary	
  disks	
  
	
  



Angular distance Earth-Sun at 140 parsecs = 7 milli-seconds of arc (7mas).  
… Jupiter-Sun   = 36 mas 
… Neptune-Sun = 215 mas 

d=140pc 

The	
  potenCal	
  of	
  opCcal	
  interferometry	
  and	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  the	
  use	
  of	
  the	
  mid-­‐infrared	
  domain.	
  
	
  





















Intermède	
  musical	
  	
  



TF	
  

Real	
  part	
  

Imaginary	
  part	
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Imaginary	
  
	
  filtered	
  

Real	
  filtered	
  

The	
  ‘Trophée	
  des	
  Alpes’	
  seen	
  
by	
  a	
  telescope	
  of	
  100	
  meter	
  
diameter	
  at	
  2000	
  kilometers.	
  

	
  Fourier	
  Transform	
  

Filter	
  :	
  	
  
‘the	
  modulaCon	
  transfer	
  funcCon’	
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A	
  10	
  m	
  telescope	
  
diameter	
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A	
  2	
  meter	
  telescope	
  

TF	
  



TF	
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imaginaire	
  REEL	
  

Annular	
  filter	
  





TF	
  

х	
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An	
  interferometer	
  
composed	
  of	
  2	
  meter	
  
telescopes	
  



TF	
  

х	
   =	
  

TF⁻¹	
  

An	
  interferometer	
  of	
  2	
  m	
  
class	
  telescopes	
  +	
  a	
  10	
  
meter	
  diameter	
  telescope.	
  



TF	
  

х	
   =	
  

TF⁻¹	
  







Concept	
  of	
  the	
  instrument	
  

Spatial filter Delay lines 

Anamorphic 
optics  
Filters 
Polarizers  
Dispersive elements  
Camera optics 
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modulation 

L band 

N band 

Spectral  
separation 

Anamorphic 
optics 

Beam 
commutation 
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Beam configuration 



Spatial filter Delay lines 

Interferometry/ 
photometry 
splitter 

Anamorphic 
optics  

Photometry Units 

Filters 
Polarizers  
Dispersive elements  
Camera optics 

3D         9D         6D 
 

OPD 
modulation 

Beam configuration 

L band 

N band 

Spectral  
separation 

Anamorphic 
optics 

Beam 
commutation 

Thermal background  +  photometry  for each beam  

+ 



MATISSE	
  FUNCTIONS	
  

ARTICIAL SOURCES BEAM COMMUTATION 

BEAM ANAMORPHISM (1) 

CO-ALIGNMENT  

CO-PHASING  

BEAM SELECTION 

SPATIAL FILTERING 

BEAM CONFIGURATION 

BEAM ANAMORPHISM (2) 

SPECTRAL FILTERING 
 
POLARIZATION SELECTION 

SPECTRAL DISPERSION 

BEAM COMBINATION DETECTION 

OPD MODULATION SPECTRAL SEPARATION 
 

PHOT/INTERF SPLITTING 

VLTI 

ADAPTIVE OPTICS 

TIP/TILT CORRECTION 

PUPIL MONITORING 

MATISSE 

L band 

Photometry 

N band 

Interferometry 

FRINGE TRACKING 
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FRINGE TRACKING 
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MATISSE	
  in	
  the	
  focal	
  laboratory	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Instrument	
  FDR	
  Garching	
  25	
  –	
  27	
  April	
  2012	
  

L Band 
cryostat

N Band 
cryostat
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Highlights: L& M band ~  2.9 – 5.0 mm 
•  Transition from dust scattering to dust emission 
•  New dust species:  e.g., H2O ice at 3.14 µm  
•  H2O gaz broad band feature (2.8 – 4.0 µm) 
•  H recombination lines, Bra 4.05 µm, Pfb at 4.65 µm  
•  Polycyclic Aromatic Hydrocarbons (PAHs): 3.3 µm, 3.4 µm 
•  Nano-diamonds: 3.52 µm 
•  CO fundamental transition series (4.6 –4.78 µm) 
•  CO ice features 4.6 – 4.7 µm 

N Band ~ 7.5 – 13.5 µm 
•  Spectral features to be investigated with MATISSE will be similar to 

those studied with MIDI : Silicates, Olivine, Forsterite, SiC. 

Spectral	
  domain	
  &	
  signatures	
  in	
  the	
  MATISSE	
  domain	
  



Van	
  Boekle	
  et	
  al.	
  2004	
  

Mineralogy	
  and	
  radial	
  transportaAon	
  in	
  protoplanetary	
  disks	
  





Example	
  of	
  PAHs	
  and	
  Brα	
  emission	
  

ISAAC	
  L	
  band	
  observaCons,	
  Geers	
  et	
  al.	
  2007,	
  A&A	
  476,	
  279	
  



Example	
  of	
  CO	
  line(s)	
  emission	
  

GEMINI	
  AO	
  observaCons,	
  Goto	
  et	
  al.	
  2006,	
  ApJ	
  652,	
  758	
  



Performance	
  

L	
  band	
  (4T	
  SiPhot,	
  Low	
  ResoluAon)	
  

L band 
Low resolution 

Technical Specifications Estimated Performances 
without FT Specifications Goals 

Sensibility AT 7.5 Jy (L=3.95) 1.5 Jy 2.85 Jy (L=5); (L=6.8 with FT) 

UT 0.75 Jy (L=6.45) 0.15 Jy 0.26 Jy (L=7.6); (L=9.5 with FT) 

For a 20 Jy source 

Visibility AT ≤ 7.5 % ≤ 2.5 % ≤ 1.6 % 
UT ≤ 7.5 % ≤ 2.5 % ≤ 2.3 % 

C l o s u r e 
Phase 

AT ≤ 80 mrad - ≤ 20.3 mrad 
UT ≤ 40 mrad ≤ 1 mrad ≤ 20 mrad 

Differential 
Visibility 

AT ≤ 3 % ≤ 1 % ≤ 0.7 % 
UT ≤ 1.5 % ≤ 0.5 % ≤ 0.8 % 

Differential 
Phase 

AT ≤ 60 mrad - ≤ 19.3 mrad 
UT ≤ 30 mrad ≤ 1 mrad ≤ 22.2 mrad 



Performance	
  

N	
  band	
  (4T	
  SiPhot,	
  Low	
  ResoluAon)	
  

N band 
Low resolution 

Technical Specifications Estimated Performances 
(without FT) Specifications Goals 

Sensibility AT 60 Jy (N=-0.55) 12.5 Jy 14.6 Jy (N=1) 

UT 4 Jy (N=2.4) 1 Jy 0.9 Jy (N=4) 

For a 20 Jy source 

Visibility AT ≤ 30 % ≤ 10 % ≤ 8.6 % 
UT ≤ 7.5 % ≤ 2.5 % ≤ 2.8 %  (≤ 1.2 % with FT) 

Closure 
Phase 

AT ≤ 80 mrad - ≤ 28.2 mrad 
UT ≤ 40 mrad 1 mrad ≤ 13.6 mrad 

Differential 
Visibility 

AT ≤ 30 % ≤ 10 % ≤ 8.4 % 
UT ≤ 5 % ≤ 2 % ≤ 1.5 %  (≤ 0.8 % with FT) 

Differential 
Phase 

AT ≤ 60 mrad - ≤ 26.1 mrad 
UT ≤ 30 mrad 1 mrad ≤ 24.9 mrad 



Basic	
  equaAons	
  

D/λ	
   Bij/λ	
  

I(u)	
  

Coherent	
  flux	
  	
  Thermal	
  background	
   Photometry	
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Sky	
  +	
  Object	
  

Interferogram:	
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Sky	
  only	
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SNR	
  on	
  coherent	
  flux	
  

Ø 	
  OPD	
  modulaAon	
  

Ø 	
  MulA-­‐axial	
  configuraAon	
  	
  

⇒	
  EliminaAon	
  of	
  the	
  thermal	
  background	
  
However	
  residual	
  contaminaAon	
  of	
  the	
  thermal	
  background	
  on	
  fringe	
  peak	
  (windowing	
  effect)	
  

221644 bpb

C
nRONnnn

VnSNR
γ+ +  + 

=
2

Coherent	
  flux	
  

Thermal	
  background	
  	
  
photon	
  noise	
  

Science	
  target	
  photon	
  
noise	
  

Detector	
  read	
  out	
  
noise	
  

Thermal	
  background	
  
contaminaAon	
  in	
  fringe	
  peak	
  



SNR	
  on	
  photometry	
  

Ø 	
  Chopping:	
  Photometry	
  esAmaAon:	
  OBS(Target+Sky)	
  –	
  OBS(Sky)	
  

⇒	
  EliminaAon	
  of	
  the	
  thermal	
  background	
  

However	
  residual	
  contaminaAon	
  of	
  the	
  thermal	
  background	
  (variaAon	
  between	
  obs)	
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Photometry	
  

Thermal	
  background	
  	
  
photon	
  noise	
  

Science	
  target	
  photon	
  
noise	
  

Detector	
  read	
  out	
  
noise	
  

Thermal	
  background	
  variaAon	
  
between	
  obs	
  



SNR	
  on	
  visibility	
  and	
  phases	
  

22
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Visibility:	
  

Closure	
  phase:	
  

DifferenAal	
  phase:	
  

SensiAvity:	
  	
  	
  	
  	
  	
  	
  LimiAng	
  magnitude	
  SNRC	
  =	
  3	
  in	
  the	
  coherence	
  Ame	
  
(pessimisAc	
  →	
  coherent	
  processing)	
  



SNR	
  calculaAon	
  

Photons	
  from	
  science	
  target	
  n:	
  
• 	
  Brightness	
  of	
  the	
  source,	
  spectral	
  bandwidth,	
  telescope	
  surface,	
  …	
  

• 	
  Transmission	
  of	
  the	
  atmosphere,	
  of	
  the	
  VLTI,	
  of	
  MATISSE	
  

• 	
  Flux	
  loss	
  due	
  to	
  the	
  spaAal	
  filtering	
  
• 	
  Flux	
  loss	
  due	
  to	
  the	
  Ap/Alt	
  of	
  the	
  beams	
  before	
  the	
  SF	
  

• 	
  Flux	
  loss	
  due	
  to	
  the	
  non	
  perfect	
  WFE	
  of	
  the	
  beams	
  

• 	
  Flux	
  loss	
  due	
  to	
  the	
  pupil	
  moAon	
  

• 	
  Detector	
  Quantum	
  efficiency	
  

• 	
  ….	
  

Photons	
  from	
  the	
  thermal	
  background	
  nb	
  and	
  its	
  
variaAon	
  D,	
  γ:	
  
• 	
  Temperatures	
  of	
  the	
  opAcs	
  

• 	
  Transmission	
  of	
  the	
  atmosphere,	
  of	
  the	
  VLTI,	
  of	
  MATISSE	
  

• 	
  Field	
  of	
  view	
  
• 	
  Spectral	
  bandwidth,	
  telescope	
  surface,	
  …	
  

• 	
  Structure	
  funcAon	
  (temporal	
  variaAon	
  of	
  the	
  thermal	
  background	
  

• 	
  ContaminaAon	
  of	
  the	
  thermal	
  background	
  due	
  to	
  the	
  windowing	
  …	
  

• ….	
  

Instrumental	
  visibility	
  V:	
  
• 	
  Contrast	
  loss	
  due	
  to	
  the	
  imperfect	
  overlap	
  of	
  the	
  beams	
  	
  

• 	
  Contrast	
  loss	
  due	
  to	
  the	
  non	
  perfect	
  WFE	
  of	
  the	
  beams	
  

• 	
  Contrast	
  loss	
  due	
  to	
  the	
  pupil	
  moAon	
  

• 	
  Contrast	
  loss	
  due	
  to	
  the	
  OPD	
  jiber	
  

• 	
  Contrast	
  loss	
  due	
  to	
  the	
  OPD	
  non	
  equalizaAon	
  
• 	
  Contrast	
  loss	
  due	
  to	
  the	
  detecAon	
  vibraAon	
  

• 	
  Contrast	
  loss	
  due	
  to	
  the	
  polarizaAon	
  effects	
  
• 	
  Contrast	
  loss	
  due	
  to	
  the	
  detector	
  pixel	
  crosstalk	
  

• ….	
  

Detector	
  read	
  out	
  noise	
  RON:	
  
• 	
  Pixel	
  Read	
  Out	
  Noise	
  

• 	
  Number	
  of	
  illuminated	
  pixels	
  

Fundamental	
  Noise	
  

+	
  VariaAon	
  between	
  target	
  and	
  calibrator	
  
(OPD	
  jiber	
  Strehl	
  raAo	
  Image	
  overlap	
  Pupil	
  
jiber	
   Errors	
  on	
  the	
  calibrated	
  data	
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