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… and initiated at the VLTI with MIDI.

• ISI, 3  telescopes of 1.6 m diameter, baseline up to nearly 100 m. Spectral domain
centered around 11 microns.

• SOIRDETE, 2 tel. of 1 m diameter, baseline of 15 m. N band spect. domain from 8 
to 13 microns. 

• MIDI, 2 tel. of the VLTI using either Auxilary Tel. or Unit Tel. Baseline up to 150 m. 
N band spect. domain from 8 to 13 microns. 

• MATISSE, 4 tel. of the VLTI, UTs or ATs. L, M and N band spect. domains from 3 to 
13 microns.

MATISSE has been built on those instrument expertises and also on the AMBER one. 

Mid-infrared interferometry has started with the pioneering work of 
the SOIRDETE and ISI teams 



Pionniering research conduced by SOIRDETE and ISI teams 
B. Lopez

SOIRDETE team : Jean Gay, Djamel Mékarnia, Yves Rabbia,… CERGA

ISI Team : Charles H. Townes, William C. Danchi, … University of Berkeley

MIDI Team : Christoph Leinert, Uwe Graser, Walter Jaffe, … MPIA and Univ
of Leiden

… Keck Interferometer, LBTI, Betty



The SOIRDETE Interferometer on the plateau de Calern



2 one meter telescopes for a 15 m baseline





The SOIRDETE delay line moving by discret steps



The delay line movement and the passing train of fringes



Direct fringes in N band (8-13 micron)



Associated spectrum with the ozone absorption band



SOIRDETE was a novative instrument

• First heterodyne fringes were obtained in 1978.

• Most important : direct interferometry was realized for the first time at 
SOIRDETE in 1988. 



First Heterodyne fringes on Betelgeuse at SOIRDETE (August 3 1978)



Visibility Function of Betelgeuse in N band
The low frequencies are those measured by the ISI interferometer.

The SOIRDETE dot measurements completing the information on the dust
shell surrounding the Red Supergiant star.



The ISI – Infrared Stellar Interferometer - interferometer at Mont Wilson



The ISI – Infrared Stellar/Spatial Interferometer - at Mont Wilson



The ISI – Infrared Stellar Interferometer - interferometer at Mont Wilson



ISI Detection System



• First survey of circumstellar dusty environments by mid-infrared interferometry, 
Danchi et al. 1994

• Dust is very close to photospheres for oxygen-rich Mira variables and Carbon stars, 
typically < 5 R* or so.  Implies dust forms within a pulsation cycle or every few cycles, 
time scale within a few years (<10).

• Dust is far from the photosphere on average for Supergiants like  Ori,  Sco.  
Implies dust formation is infrequent, time scale ~50-100 yrs.

• Multi-epoch study of o Ceti, provided evidence for dust formation and destruction in 
clumps.  Motivated imaging program (third telescope).

• Location of SiO masers + inner radius of dust shell allowed approximate 
determination of atmospheric scale height for VX Sgr.

• Evidence for episodic dust formation for NML Tau and NML Cyg.

• Location of molecular shells of Silane and Ammonia relative to dust inner radius. 
Found Rsilane and Rammonia >> Rdust for IRC +10216.

• Precise determination of stellar diameters, (1%), with absence of contamination 
from molecular blanketing and hot spots.

ISI was a novative and reliable instrument,

a large number of publications have resulted from its use



Proper Motion of Dust Shells Surrounding NML Cyg

• Observed change in visibility data between 1993 and 1999

• Evidence for two discrete dust shells moving away, emission of shells 65+/-14 years

• If dust velocity same as masers, distance is 1220+/-300 pc

W.C. Danchi, W. Green, D.D.S. Hale, K. McElroy, J.D. Monnier, P.G. Tuthill, and C.H. Townes, 
Astrophysical Journal,  555, 405 (2001).



For several of us, the encounters with Jean Gay and with the Pr. Townes and 
the surrounding teams have contributed to the progress of our works and 
more than this. 

It has also created a nice link between people. 

I could say the same with the MIDI and AMBER teams.

…



Illustration of a FU Ori event, credit JPL 

Malbet et al. 1998, Palomar Testbed Interferometer at 2.2 microns



The Solar System formation according to Emanuel Swedenborg, 1734, 
Museum d’Histoire Naturelle, Paris 



A subset of the DSHARP program  protoplanetary disks, showing a variety
of gaps and rings possibly generated by ice lines or planets



‘Tchouri’ seen by Rosetta – Credit ESA







Leinert et al. 2004, A&A.

The building blocks of planets within the `terrestrial' region
of protoplanetary disks



Leinert et al. 2004, A&A.
von Boeckel et al. 2004, Nature.

The building blocks of planets within the `terrestrial' region
of protoplanetary disks



Leinert et al. 2004, A&A.
von Boeckel et al. 2004, Nature.

The building blocks of planets within the `terrestrial' region
of protoplanetary disks



Menu 2015 & Varga 2018, Mid-IR interferometric survey of Herbig sources 
and T Tauri







MATISSE in the VLTI focal lab

Instrument FDR Garching 25 – 27 April 2012
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The signal on the detector(s)



The signal on the detector(s)



The pupil configuration and the shaping of the signal
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The fringes and their Fourier transform
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The fringes and their Fourier transform



The fringes and their Fourier transform



The fringes and their Fourier transform



The fringes and their Fourier transform



The role of the OPD – Optical Path Difference - modulation



The role of the OPD – Optical Path Difference - modulation



MATISSE ETC
https://www.eso.org/observing/etc/bin/gen/form?INS.NAME=MATISSE+INS.MODE=CFP



The asymmetric inner disk of the young star HD 163296
J. Varga et al., 2021, A&A.
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SPIPS : ✓UD = 2.89 mas

FIT : RCSE = 1.76R?; f cse = 7.0%; χ2 = 0.2

• From closure phase :  no asymmetry in L, M and N

• From total and coherent fluxes : No dust signature

• From 𝑉2 : Resolved environment in L band

Mid-infrared circumstellar emission resolved around the Cepheid 𝒍 Carinae
with VLTI/MATISSE
V. Hocdé et al., 2021, A&A.

(CSE model : Gaussian)
𝑅𝐶𝑆𝐸 = 1.76 +/-0.28  𝑅𝑠𝑡𝑎𝑟
𝑓𝐶𝑆𝐸 = 7.0 +/-1.4%

Nature of the circumstellar envelopes of Cepheids

Shell of ionized gas at 1.15 𝑅𝑠𝑡𝑎𝑟 ?  (Hocdé et al. 2020a)
Chromosphere at 1.50 𝑅𝑠𝑡𝑎𝑟 ? (Hocdé et al. 2020b)
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Imaging of Eta Car's wind collision cavity at periastron passage (Feb 2020):
Velocity-resolved images across the Br ⍺ 4.05 µm line (G. Weigelt et al., submitted to A&A)

• Dependence of the intensity distributions of the wind-wind collision cavity on LOS radial velocity

• Diameter of the spatially and spectrally resolved wind collision region: ~ 40 mas (~ 94 au; 1 mas = 2.35 au)

• In blue-shifted light (e.g. -443 km/s): Extension of the images to the SE in agreement with wind collision models

• Diameter of the resolved stellar wind of the primary star: ~ 2 mas (for comparison, the radius of the primary is ~ 0.20 mas)

• The MATISSE observations allow us to constrain stellar wind and wind collision models (Hillier + 2001, Madura + 2013)

Velocity-resolved images at LOS radial velocities from -927 to +685 km/s (FOV = 80 mas; resolution = 7 mas; R = 959)



The image at left shows a color representation of a 2-component gaussian fit to the
multiwavelength data.
We provisionally identify the Northern component with the disk found by MIDI and GRAVITY.
The color shifts of the Southern component indicate a temperature gradient. The plots show
2-blackbody fits to the emission spectra of the Northern (left) and Southern components,
with MIDI and GRAVITY data also indicated.

Models of the nuclear emission from NGC 1068 constructed from MATISSE data
V. Gamez et al. in preparation.



Imaging of the unclassified B[e] star FS CMa (HD 45677) in the L- & N-bands 
(K.-H. Hofmann et al., in preparation)

3.4 - 3.8 µm L-band image 8.6 - 9.0 µm N-band image

1.6 µm PIONIER 
image
(Kluska + 2020)

• L- and N-band aperture-synthesis images of FS CMa reconstructed in the wavelength bands of 3.4 - 3.8 
and 8.6 - 9.0 µm (FOV: 64x64 mas; North is up, and East is to the left).

• The size of the resolved inner dark disk gap in the L-band image is about 6x12 mas. 

• In the bright, inner north-western disk region, we are directly looking at the inner disk rim wall, which is
not in the disk shadow as the south-eastern rim region. 

• The N-band image shows only the north-western disk region. The disk is much more extended to larger 
radii than in the L band.

mas

uv coverage



L-band images
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Imaging of the carbon star R Scl (J.Drevon et al., in preparation)



L-band imagesα Ara and other Classical Be stars
(A. Meilland et al., in preparation)

The many emission lines of the L band

MATISSE High resolution (R≈1000)  spectrum in L 

MIDI and MATISSE visibility comparison

Two similar baselines

Full datasetRotating disk toy-model in the Brα lines



L-band images

Survey on B[e] stars (A. Meilland et al., in preparation)

L Pup MIDI (red) MATISSE (blue) comparison

‘’Good’’ u-v plan on 12 B[e] stars
Observations In February 2020

L-band data
All objects at least partially
resolved

Example of constraints
on inner rim (MWC300)



Van Boekle et al. 2004

From mineralogy of silicate to carbon solid material



Van Boekle et al. 2004

From mineralogy of silicate to carbon solid material



First MATISSE L-band observations of HD 179218. Is the inner 10 au region rich in 
carbon dust particles? E. Kokoulina et al., accepted for A&A, under revision



https://www.eso.org/sci/facilities/paranal/instruments/matisse/doc.html



Sensitivity at https://www.eso.org/sci/facilities/paranal/instruments/matisse/inst.html



MATISSE Pipeline
ftp://ftp.eso.org/pub/dfs/pipelines/instruments/matisse/matisse-reflex-tutorial-1.6.0.pdf













https://www.matisse.oca.eu/en/journey-diary





Next steps for pushing the instrument performance :

• Final Commissioning of MATISSE 19th-23rd of June

• Ongoing Commissioning of GRA4MAT+MATISSE

• MATISSE Wide in the context of VLTI+ and GRAVITY+

• New generation Fringe Tracker through the Vermillon J band visitor instrument

Room for the maximisation of the MATISSE performance


