


Descartes and Swedenborg,
17t and first part of the 18t 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.
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How the planets form and evolve, requires
the understanding of protoplanetary disks




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




The potential of optical interferometry and
the use of the mid-infrared domain.

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



n..,\zq. X ,_‘A* e ,’, il : .

v‘ s ;" ". ‘:" :
. Carin agltg‘us L %/ .
. : v 'J

W _Norma Ar

200 .
St 00
% s

Perseus Arm ¥ e v \ ’

1 .‘\

e - . % <-Our Solar Syste?n\

: > 000 - . \
| | = Local or Orion Arm = °






' e -
™ ‘
- . ]
-~ .- eV g ta
\"_ /
. !
<N
> % T P I
- T e o W
g SNEE Wt )i S fa
oL 4 e X .
y P - v .
" -
. ” v » & -
~ o o
5 -
» P A : 4
. £ : <4
» ‘. ¢ » F



i

11

I\ I
\






















~ MR - ?‘E'.‘
l Fourier Transform

Filter :

Real part

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

‘the modulation transfer function’

Real filtered

Imaginary
filtered




A 10 m telescope
diameter




A 2 meter telescope
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An interferometer
composed of 2 meter
telescopes

TF




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

TF













Concept of the instrument
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MATISSE FUNCTIONS
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MATISSE in the focal laboratory
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Spectral domain & signatures in the MATISSE domain

Highlights: L& M band ~ 2.9 — 5.0 mm

« Transition from dust scattering to dust emission

* New dust species: e.g., H,O ice at 3.14 um

« H,0O gaz broad band feature (2.8 — 4.0 um)

« H recombination lines, Bra 4.05 um, Pfb at 4.65 um

« Polycyclic Aromatic Hydrocarbons (PAHSs): 3.3 um, 3.4 um
« Nano-diamonds: 3.52 um

« CO fundamental transition series (4.6 —4.78 um)

« COce features 4.6 — 4.7 um

N Band ~7.5-13.5um

« Spectral features to be investigated with MATISSE will be similar to
those studied with MIDI : Silicates, Olivine, Forsterite, SiC.



Mineralogy and radial transportation in protoplanetary disks
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Example of PAHs and Bra emission

Norm. Flux (Jy) + offset
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Example of CO line(s) emission
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Fic. 2.—Radial profile of CO line emission at the central part of the disk. A
power-law radial profile (dotted line) was fit to the observation after convolution
with the PSF (solid line)to find the best-fit cutoff radius at r;, = 11 £ 2 AU. The
error bars (1 ) are given by the standard deviation of the radial profiles extracted
from CO v =21 R(5) to R(9).

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

Offset [AU]




Performance

L band (4T SiPhot, Low Resolution)

L band Technical Specifications Estimated Performances
Low resolution Specifications Goals without FT
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% <25% <1.6 %
uT <7.5% <25% <23%
Closure|AT < 80 mrad - < 20.3 mrad
SRR UT | <40mrad <1 mrad < 20 mrad
Differential | AT <3% <1% <0.7%
ViSOt T <1.5% <0.5% <0.8%
Differential | AT < 60 mrad - <19.3 mrad
UEEE UT | <30mrad <1 mrad < 22.2 mrad




Performance

N band (4T SiPhot, Low Resolution)

N band Technical Specifications Estimated Performances
Low resolution Specifications Goals (without FT)
Sensibility | AT | 60 Jy (N=-0.55) 12.5 Jy 14.6 Jy (N=1)

uT 4 Jy (N=2.4) 1Jy 0.9 Jy (N=4)
For a 20 Jy source
Visibility AT <30 % <10 % <8.6%

uT <7.5% <25% <2.8% (=£1.2 % with FT)
Closure AT < 80 mrad - < 28.2 mrad
ik UT | <40mrad 1 mrad <13.6 mrad
Differential | AT <30 % <10 % <8.4%
Visibility 1y <5 % <2 % <1.5% (< 0.8 % with FT)
Differential | AT < 60 mrad - < 26.1 mrad
Phase uUT < 30 mrad 1 mrad < 24.9 mrad




Basic equations

1(u)
A

Sky + Object

ANNNNAN,

AN

Thermal background Photometry Coherent flux

\ \ Y

4 4 4 4
Interferogram:  1(u)= Mb(u).znlbi +M(U).El’l1i +y EM(u ~u; )\/n i’ Vi
i=1 izl i=1j=2
Jj>i

Photometry: Pu) = [Mb(u).npbi + M(u)-”Pi]

Sky only

4
« Interferogram »: ]S (“) = Mb (U )-Eln[bi
1=

Photometry: Si(u) = Mb(u)'npbi



SNR on coherent flux

» OPD modulation
» Multi-axial configuration

=> Elimination of the thermal background

However residual contamination of the thermal background on fringe peak (windowing effect)

/ Coherent flux

@ #167°n;
i

Thermal background Science target photon Detector read out Thermal background
photon noise noise noise contamination in fringe peak




SNR on photometry

» Chopping: Photometry estimation: OBS(Target+Sky) — OBS(Sky)
=> Elimination of the thermal background

However residual contamination of the thermal background (variation between obs)

/ Photometry
it < RON* < D11 7,.,)

_—/

Thermal background Science target photon Detector read out Thermal background variation
photon noise noise noise between obs




SNR on visibility and phases

1
Visibility: SR, = | 1
2 + 2
SNR: SNR,
o2 =2
Closure phase: , 9 SNRé
L1 1
Differential phase: O, = 5 SNRé

Sensitivity:  Limiting magnitude SNR = 3 in the coherence time
(pessimistic — coherent processing)



SNR calculation

Instrumental visibility V:

e Contrast loss due to the imperfect overlap of the beams

Photons from science target n:

* Brightness of the source, spectral bandwidth, telescope surface, ...
L. ¢ Contrast loss due to the non perfect WFE of the beams
¢ Transmission of the atmosphere, of the VLTI, of MATISSE
o ¢ Contrast loss due to the pupil motion
* Flux loss due to the spatial filtering
e ¢ Contrast loss due to the OPD jitter
¢ Flux loss due to the tip/tilt of the beams before the SF
¢ Contrast loss due to the OPD non equalization
¢ Flux loss due to the non perfect WFE of the beams
. . e Contrast loss due to the detection vibration
* Flux loss due to the pupil motion

. « Contrast loss due'tq_the polafization effects
¢ Detector Quantum efficiency

¢ Contrast loss due to the detector pixel crosstalk
® ... J

® e { ‘)

Photons from the thermal background n, and its

» Detector read out noise RON:
. PixéTR ad Out Noise

variation D, v:
e Temperatures of the optics

* Transmission of the atmosphere, of the VLTI, of MATISSE > - A . } Numb(‘er‘ of illuminated pixels

* Field of view
e Spectral bandwidth, telescope surface, ...

e Structure function (temporal variation of the thermal background

¢ Contamination of the thermal background due to the windowing ...

/

Fundamental Noise

+ Variation between target and calibrator
(OPD jitter Strehl ratio Image overlap Pupil

jitter Errors on the calibrated data
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