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Optical interferometry in astronomy : a clear filiation
® Hippolyte Fizeau (1851 to 1868), Albert Michelson (1891 to 1920), Antoine Labeyrie (1975 to today)

1975, Nice

Building the GI2T
Calern ca. 1978

* Michelson, Phil.Mag.30, 1890

* Michelson, Nature, 45, 1891
Archives Académie des sciences,

Fonds 64J, H. Fizeau File 9.01, 1851
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Two fertile interferometric decades (1980-2000)

Triggered by Labeyrie’s success, small interferometers are built in Australia and USA,
while Europeans plan for a VLT Interferometer : 4 telescopes (8-m) +4 (1.8-m)

Exploring and solving critical issues
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Adaptive optics is the key for the interferometric future “The gambling taken by ESO

in 1985 seems to have paid off*
Nature, October 1989

US Defence Programs : 1966-1992
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Speckles and fringes in Arizona

Premiére démonstration en astronomie de la correction
en temps réel de la turbulence atmosphérique
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1981 - 1985: Developments of ACE

(Atmospheric Compensation Experiment) at MIT-LL. /Z“
Installed at AMOS 60-cm in 1982. 4
On loan to Mt Wilson in 1992 (astronomical use) Lo
1992: Special issue of JOSA. Declassified results. %P o
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A small community,

A constant and fertile collaboration(1980-2000) but organized exchanges
ESO - NOAO £50-NOAO

(Oracle, Ariz, 1987)
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The 2025 interferometric landscape

CHARA, LBT, MROI, NPOI, LBT in United States
VLTI in Europe

What is next ?

January 27-30, 2025, celebrating the 40 anniversary of VLTI start (1985)

Horizons for Optical —
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Could some of these rich Horizons help shaping the future ?
Could one learn from some similarities with the 1980s
when ESO (for VLT) and NOAO (for NNTT) were exploring this future ?

\SS’ Australian KYOTO YIRS IY O,
GeorglaState ‘@ ‘ NOIR I’.@vatowe LESIA SYDNEY National SANGYO EXETER
University. o oo University UNIVERSITY

il

6




Transforming Astronomy in the 2040s

The next ESO Programme should be identified in line with ESO’s vision and strategy. It should be
a transformational facility in the 2040s landscape : http://next.eso.org (Mérand*, in Horizons Conf. 2025)

Preparatory

phase

July 2024-Q3 2026 Q3 2026—Q2 2027 Q3 2027-Q3 2028

* Present and explain  « Launch of call: Q3 * Performed by SSC * Presented at STC a
the process to the 2026 and ESO Executi Finance Committee
community * Letters of Intentdue  « Transparently shiire

« Trigger dialogue 1 Dec 2026 what ideas are b@ing L
about astronomy .p s due: proposed at a Dtegm?[\hls not the
challenges & 1 TDOSZ’E(!)ZS? ue: dedicated commu ;a ofthe new
disruptive un workshop rogramme
technologies in
2040s
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Horizons for Galactic & Extragalactic astronomy

105=; Resolving an ‘S2’ pericenter — fﬁ o
Shimizu T (Garching), in Horizons 2025 7 —_— - g
e *J0920: First dynamically measured SMBH masses 108 M, at z=2.3 (Abuter+ 2024) = '3 \
* The curious case of the Little Red Dots JWST (Matthee+ 2024) % T
* Resolving the accretion disks of SMBH 103
* *The S2 Experiment in other galaxies s
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Eisenhauer F (Garching), in Horizons 2025
* Kilometers baseline interferometer
* Resolution 10 marcsec, Sensitivity m,,=28

Isbell J (Tucson), AGN in the 2040, in Horizons 2025
* Shape and nature of the BLR

Measured with GRAVITY
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Current Resolution

m Genzel R (Garching), in Horizons 2025
I « Massive black holes in galaxies (beyond Gravity, LIGO, EHT)
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Kervella P (Meudon), in Horizons 2025
e Stellar activity
* Seeds of SMBH on Gaia astrometry

Astrometric orbit
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Panuzzo P+, Gaia Coll. 2024
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Horizons for Stellar astronomy

Stellar physics and interferometry in the 2040s

* Many exciting scientific questions:

» Star formation, late stages of stellar evolution, angular momentum transport,
convective energy,transport, role of magnetic fields, stellar activity and star-planet
interactions, most massive stars, Population Il stars...

« Key technical requirements:

» High spectral resolution mode (R=100,000) broadband spectroscopy with
exoplanet-level stability (spatially resolved,RVs on stellar disks and binaries)

* High angular resolution (<100 pas), matching theinterferometer sensitivity, to
resolve fine surface structures, reach extragalactic objects, rare MW stars and
compact objects

* Microarcsecond astrometry, wide-angle phase referencing and dual field for Gaia
follow-up and dynamical studies of multiple star systems
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Flux ratio to host star
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Horizons for Planets, YSOs, Moons, Small bodies

Lacour S+ (Meudon), in Horizons 2025
* Exoplanets in reflected starlight
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Some concluding remarks

During the 1980s, physics was clear, instruments were primitive, early scientific prospects were great,
while adaptive optics was the major stumbling block and the community at large remained skeptical

Three major factors played favorably : some key person’s vision, a strong cooperation on both sides of Atlantic

and agreement to postpone space interferometry to a remote future

Adaptive optics was solved (1989) + Spatial Fitering (SM fibers)
CHARA, KECK and VLTI followed with superb engineers

At the 2040 Horizon
No guestion anymore on the science potential of an ambitious, ground-based interferometry program

FUTURE 2
A new kilometric Array is a formidable and costly task
Stumbling blocks :
Km beam transport Phase delay compensation
Overall Throughput Sky coverage (dual beam)

FUTURE 1
Upgrading existing instruments
(CHARA, VLTI at ELT era) seems feasible

Organize broad, transatlantic continuous exchanges (ESO, NoirLab)....
Dare exploring unconventional solutions (Quantum physics...)
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