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About

Motivation & Agenda

The last few years have seen ground-breaking scientific results in the field of optical/infrared
high angular resolution astronomy, opening up new opportunities for observations covering
a wide range of key astrophysical objects over a broad range of wavelengths and allowing
for the physical characterisation of astronomical objects on milli- and micro-arcsecond
scales. At the same time, improved imaging fidelity is opening up new scientific endeavours
in e.g. time domain astronomy.

Interferometry has enabled precision spectroscopy & astrometry of exoplanets, stellar
surface convection has been imaged on a star other than the Sun, and the broad-line region
of quasars have been spatially resolved on sub-parsec scales. Recent results have also
seen unprecedented tests of General Relativity, remarkable detail and complexity revealed
in the gas of a micro-quasar jet via milli-arcsecond resolution imaging spectroscopy, and
the distance to the Large Magellanic Cloud constrained to better than 1 per cent.

Further exciting opportunities lay ahead with current and upcoming infrastructure devel-
opment programmes, both at the CHARA Array (operated by Georgia State University at
Mount Wilson Observatory) and the VLT Interferometer (VLTI, built in Chile and operated
by the European Southern Observatory). We will discuss the science opportunities provided
by new & upcoming instruments (MATISSE, MIRC-X/MYSTIC, SPICA, GRAVITY+,
VLTI visitor instruments, etc) and explore synergies between different facilities (VLTI,
CHARA, NPOI, MROI, etc).

At this conference, we aim to discuss the latest science results from high angular resolu-
tion astronomy obtained using interferometric and non-interferometric techniques and
instruments (ALMA, VLT, Gemini, Subaru, NPOI. . . ), covering topics including (but not
limited to):

• Planet formation and the discs around young stars;

• Stellar astrophysics and fundamental parameters;

• Active Galactic Nuclei;

• Exoplanet atmosphere characterisation and detection;

• Orbital dynamics close to the Galactic Centre;
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• Evolved stars;

• The role of multiplicity in stellar evolution.

The meeting will be held in the tradition of the past CHARA Science Meetings and VLTI
Community Days, bringing both communities together for the first time. There will be
time provided for discussions regarding the recent and future technological development
of CHARA and VLTI and to discuss future directions for interferometry from the ground
and from space.

Scientific Organising Committee:

• Fabien Baron (Associate Professor of Astronomy, Georgia State University)

• Claire Davies (Lecturer in Physics & Astronomy, University of Exeter)

• Sebastian Hoenig (Professorial Fellow, University of Southampton)

• Stefan Kraus (Professor, University of Exeter; Chair)

• Antoine Mérand (VLTI Programme Scientist, European Southern Observatory,
Germany)

• Claudia Paladini (VLTI Operations Staff Astronomer, European Southern Observa-
tory, Chile)

• Rachael Roettenbacher (51 Pegasi b Postdoctoral Fellow, Yale University)

• Gail Schaefer (Associate Director, CHARA Array)

Local Organising Committee:

• Issy Codron

• Stefan Kraus

• Aaron Labdon

• Dan Mortimer

• Emma Way

• Sebastian Zarrilli
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Code of Conduct

“The Sharpest Eyes on the Sky” ’ is intended as a conference for the high angular res-
olution astronomical community. We, the Local Organising Committee (LOC), value
the participation of each member of the community and wish all attendees to have an
enjoyable and fulfilling experience. Accordingly, all attendees are expected to show respect
and courtesy to other attendees throughout the conference (including excursions and
other conference-related events). As the conference will be held on University of Exeter
premises, all conference participants are expected to show the same respect and courtesy
to university staff and students and conform to the following Code of Conduct. This is
aligned with the Royal Astronomical Society Code of Conduct. The LOC will enforce this
code throughout the event. “The Sharpest Eyes on the Sky” LOC are dedicated to provid-
ing a harassment-free environment for everyone, regardless of marital or parental status,
sex, gender identity, sexual orientation, disability, age, race, nationality, religion, physical
appearance or body size. We will not tolerate harassment of conference participants in
any form.

• All communication should be appropriate for a professional audience including people
of many different backgrounds;

• Sexual language and imagery of any form are not appropriate for any conference
venue, including talks;

• Be kind to others;
• Do not insult or put down other attendees;
• Behave professionally. Remember that harassment and sexist, racist or other
exclusionary jokes are not appropriate at the conference.

Attendees violating these rules may be asked to leave the conference, without a refund,
at the sole discretion of the LOC.

The LOC considers harassment to include offensive comments, gestures and behaviour
related to marital or parental status, sex, gender identity, sexual orientation, disability, age,
race, nationality, religion, physical appearance or body size; sexual images in public spaces;
deliberate intimidation; stalking, following, harassing photography or recording; sustained
disruption of talks or other events; inappropriate physical contact, and unwelcome sexual
attention. Conduct can be harassment even if it was not intended to violate the recipient’s
dignity, if it had that effect. A single incident may amount to harassment if it is sufficiently
serious. Conduct normally becomes harassment if it persists once it has been made clear
that the behaviour is regarded as offensive. Participants asked to stop any harassing
behaviour are expected to comply immediately.

Thank you for helping make this a welcoming, respectful conference for everyone.
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Matthew Alexander Willson (1990–2022)

Matthew Willson was an expert in the realm of high angular resolution imaging from
ground-based telescopes. He explored planet formation in the accretion disc of young
stellar objects and he helped develop software tools for wavefront sensing with the
European Extremely Large Telescope.

Whilst visiting his long-term girlfriend Katherine
Shepard (a PhD student in astronomy at Georgia
State University in Atlanta), he was struck by a
stray gunshot that entered the apartment where he
was staying. He died in hospital a few days later
on January 18th, 2022. This premature and tragic
end to the life of such a promising young scientist
has devastated his colleagues on both sides of the
Atlantic.

Matthew made friends wherever he travelled in his
journey in astronomy. His quick wit, infectious smile,
and gentle nature contributed to him being a much-
loved member of his various research groups. He will
be deeply missed by his family, friends, colleagues,
and the students he inspired at Royal Holloway, Uni-
versity of Exeter, Georgia State University, and Uni-
versity of Liège. Therefore, the SOC and LOC
dedicate this meeting to his memory.
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Timetable

CT: Contributed Talk, IT: Invited Talk.
Please note that all times are in BST (UTC +1).

Monday, 25th April

8:30–9:00 Registration
9:00–9:15 Welcome – Tribute to Matt Willson

Session 1: Interferometry Introduction
Chair: C. Haniff

9:15–9:45 IT
Mercedes Filho

University of Oporto
The VLTI Expertise Centre

Network

9:45–10:00 CT
Gail Schaefer

The CHARA Array
Open Access Time at the CHARA

Array

10:00–10:30 CT
Laurent Bourgés

JMMC, OSUG, CNRS
Preparing observations with JMMC
tools: New & Noteworthy features

10:30–11:00 Coffee
Chair: M. Koutoulaki

11:00–11:15 CT
Ferreol Soulez

CRAL / Observatoire de
Lyon

OImaging: a single interface for
interferometric image

reconstruction softwares
Session 2: Young Stellar Objects

11:15–11:30 CT
Ágnes Kóspál

Konkoly Observatory

Massive Compact Disks around FU
Orionis-type Young Eruptive Stars

Revealed by ALMA

11:30–11:45 CT
Fernando Cruz Sáenz de

Miera
Konkoly Observatory

Outflows, jets and chemistry in
L1551 IRS 5 with ALMA and VLA

11:45–12:00 CT
Foteini Lykou

Konkoly Observatory
Looking at the disk of FU Orionis

with MATISSE/VLTI

12:00–12:15 CT
Christian Ginski

Leiden Observatory

Imaging the cradles of planet
formation with

SPHERE-DESTINYS
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12:15–12:30 CT
Evan Rich

University of Michigan

Gemini-LIGHTS: a survey of Herbig
Ae/Be and massive T-Tauri

protoplanetary disks imaged with
Gemini Planet Imager

12:30–14:00 Lunch
Chair: A. Labdon

14:00–14:30 IT
Karine Perraut

IPAG (CNRS/UGA)
High angular resolution

observations of protoplanetary disks

14:30–14:45 CT
Lei Chen

Konkoly Observatory

Asymmetric circumstellar dust
distribution after an exosolar

asteroid collision

14:45–15:00 CT
Julia Kobus
Kiel University

Temporal variability of the potential
planet-forming regions in
protoplanetary disks

15:00–15:15 CT
Benjamin Setterholm
University of Michigan

A temporal study of a Herbig Ae
inner disk

15:15–15:30 CT
Jozsef Varga

Leiden Observatory
Harnessing the full power of the
VLTI to resolve planet-formation

15:30–16:00 Coffee
Chair: P. Ábrahám

16:00–16:30 IT
Zhaohuan Zhu

University of Nevada, Las
Vegas

Theoretical Studies on Disk
Misalignment and Spirals

16:30–16:45 CT
Noura Ibrahim

University of Michigan
Characterizing the inner AU of

V1295 Aql

16:45–17:00 CT
Emma Bordier

ESO / KU Leuven

Probing the multiplicity of massive
pre-main sequence stars with

VLTI/GRAVITY

17:00–17:30 IT
Evgenia Koumpia
European Southern

Observatory

An interferometric view on young
massive stars
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Tuesday, 26th April

Session 2: Young Stellar Objects
Chair: A. Frost

9:00–9:15 CT
Péter Ábrahám

Konkoly Observatory
A sharp view of the silicates in the
young outbursting star V900 Mon

9:15–9:30 CT
Valerio Ganci

University of Cologne

The GRAVITY young stellar object
survey. VIII. Gas and dust faint
inner rings in the hybrid disk of

HD141569

9:30–9:45 CT
Alexander Wojtczak
University of Cologne

Interferometric studies of
Br-Gamma gas emission in T-Tauri

stars with GRAVITY

9:45–10:00 CT
Maria Koutoulaki
University of Leeds

Spatially resolving the CO overtone
emission in young stars: The case

of 51 Oph

10:00–10:15 CT

Sebastián
Zúñiga-Fernández

ExoTIC Lab - University
of Liege

The HD 98800 quadruple pre-main
sequence system Towards full
orbital characterisation using

long-baseline infrared
interferometry

Session 3: Stars

10:15–10:30 CT
Sebastian Zarrilli
University of Exeter

Modelling the close Be binary
MWC166A (and its circumstellar
environment) with near-infrared

interferometry
10:30–11:00 Coffee

Chair: Á. Kospál

11:00–11:30 IT
Katie Lester
NASA Ames

Review of Binary Star Science with
Interferometry

11:30–11:45 CT

Muhammad Zain
Mobeen

Nicolaus Copernicus
Astronomical Center

The mid-IR environment of V838
Monocerotis as revealed by
MATISSE and GRAVITY

11:45–12:00 CT
Abigail Frost
KU Leuven

Probing interacting massive stellar
systems with infrared

interferometry

12:00–12:30 IT
Jacques Kluska

KU Leuven

A sharp view on circumbinary disks
around evolved stars: do they form

planets?
12:30–14:00 Lunch
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Chair: G. Schaefer

14:00–14:15 CT
Akke Corporaal

KU Leuven

Full VLTI observations of
circumbinary discs around evolved

binary systems

14:15–14:30 CT
Narsireddy Anugu
The CHARA Array

Imaging disk-binary interactions in
post-AGBs with CHARA/MIRC-X

and MYSTIC

14:30–14:45 CT
Abel Rosales-Guzman
Instituto de Astronomia

(UNAM)

K-band interferometric study of the
M-type Mira star R Car

14:45–15:00 CT
Thomas Gaudin

New Mexico Institute of
Mining and Technology

Investigating Mass Transfer in
Symbiotic Stars

15:00–15:15 CT
Matthew De Furio
University of Michigan

The Small Separation A-Star
Companion Population: First
Results with CHARA/MIRC-X

15:15–15:30 CT
Idel Waisberg

Weizmann Institute of
Science

Beyond binarity: investigating the
higher multiplicity of A-type stars
with near-infrared interferometry

15:30–16:00 Coffee – Conference Photo
Chair: M. Montargès

16:00–16:15 CT
Robert Klement
The CHARA Array

New Interferometric detections of
sdO companions orbiting Be stars

16:15–16:30 CT
Cyprien Lanthermann
The CHARA Array

Multiplicity of Northern bright
O-type stars with optical long

baseline interferometry: Results of
the pilot survey

16:30–17:00 IT
Roxanne Ligi

Observatoire de la Côte
d’Azur

Interferometry and Exoplanets

17:00–17:15 CT
Ellyn Baines

Naval Research Laboratory
Stellar Diameters and 6-way Data

from the NPOI

17:15–17:30 CT
Narsireddy Anugu
The CHARA Array

Accurate & Precise Radii of
exoplanet host candidates with

CHARA/MIRC-X
17:45 Catering before public talk

(Physics Building, 7th Floor SCR; Building 21 on page 103)
19:00 Doors open for public talk

19:30–20:30 Public talk by Frank Eisenhauer
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Wednesday, 27th April

Session 3: Stars
Chair: J. Kluska

9:00–9:30 IT
Susanne Hoefner

University of Uppsala

Dynamical atmospheres and winds
of evolved stars: Explaining

emergent structures

9:30–9:45 CT
Andrea Chiavassa

Lagrange, Observatoire de
la Côte d’Azur

Resolving convection-related stellar
surface structures of cool evolved

stars

9:45–10:00 CT
Markus Wittkowski
European Southern

Observatory

Interferometric constraints on the
mass-loss process of cool evolved

stars

10:00–10:15 CT
Miguel Montargès

LESIA - Observatoire de
Paris PSL

The Great Dimming of Betelgeuse
at high angular resolution

10:15–10:30 Poster flash presentations
10:30–11:00 Coffee

Chair: A. Soulain

11:00–11:15 CT
Julien Drevon
ESO, UCA/OCA

MATISSE first pictures of dust and
molecules around R Scl

11:15–11:30 CT
René Oudmaijer
University of Leeds

GRAVITY data of post-Red
Supergiants: Multiple mass loss

events on timescales of hundreds of
years and real time evolution

11:30–12:00 IT
Keiichi Ohnaka

Universidad Andres Bello

Imaging the surface, atmosphere,
and innermost circumstellar

environment of stars – much more
complex than thought

12:00–12:15 CT
Rachael Roettenbacher

Yale University

Aiding the Search for Exoplanets
with Interferometric Images of

Stellar Surfaces
12:15–18:00 Excursions
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Thursday, 28th April

Session 4: Exoplanets
Chair: D. Defrère

9:00–9:30 IT
Arnaud Cassan

Institut d’Astrophysique
de Paris

Gaia19bld: Microlensing mass
measurement from long baseline
interferometric observations

9:30–10:00 IT
Sylvestre Lacour

LESIA / Observatoire de
Paris

On the characterisation of
exoplanets with optical

interferometry

10:00–10:15 CT
Vito Squicciarini

University of Padova -
INAF/OAPD

Substellar companions to B stars:
exploring the frontier of planet

formation

10:15–10:30 CT

Keegan
Thomson-Paressant
European Southern

Observatory

Searching for exoplanets in the
Alpha Centauri system using

GRAVITY

10:30–11:00 Coffee
Chair: J. Leftley

11:00–11:30 IT
Tyler Gardner

University of Michigan

Probing Unique Exoplanet Regimes
with Micro-Arcsecond Astrometry
and Precision Closure Phases at

CHARA and VLTI
Session 5: Galactic Centre / AGNs

11:30–11:45 CT
Felix Widmann

Max Planck Institute for
Extraterrestrial Physics

The Galactic Center with
GRAVITY

11:45–12:00 CT
Antonia Drescher

Max Planck Institute for
Extraterrestrial Physics

Imaging of faint stars in the
Galactic Center with GRAVITY

12:00–12:15 CT
Matt Anderson

The CHARA Array
First Extragalactic Results for the

CHARA Array

12:15–12:30 CT
Jinyi Shangguan

Max Planck Institute for
Extraterrestrial Physics

Spatially resolving the inner parsec
of AGN with VLTI/GRAVITY

12:30–14:00 Lunch
Chair: R. Petrov

14:00–14:30 IT
Violeta Gámez Rosas
Leiden Observatory

Resolving the dusty heart of NGC
1068 with MATISSE
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14:30–14:45 CT
James Leftley

Observatoire de la Côte
D’Azur

A panchromatic study of a type 1
AGN

14:45–15:00 CT
Jacob Isbell

Max Planck Institute for
Astronomy

Imaging the Circumnuclear Dust in
the Circinus Galaxy with MATISSE

15:00–15:15 CT
Konrad Tristram
European Southern

Observatory

A complementary view on the torus
in the Circinus galaxy from ALMA

interferometry

15:15–15:30 CT
Maciek Wielgus

Max Planck Institute for
Radio Astronomy

Extreme resolution imaging with
the Event Horizon Telescope

15:30–16:00 Coffee
Session 6: Facilities and Technology

Chair: M. Horrobin

16:00–16:30 IT
Xavier Haubois

European Southern
Observatory

Current status of VLTI operations
and future plans

16:30–16:45 CT
Jordan Stone

Naval Research Laboratory

The Large Binocular Telescope
Interferometer: Status, Upgrades,

and Science

16:45–17:00 CT
Gerard van Belle
Lowell Observatory

NPOI for the 2020s and Beyond

14:30–14:45 CT
Benjamin Setterholm
University of Michigan

The Michigan Young STar Imager
at CHARA

17:15–17:30 CT
Alexander Chaushev
University of California

Irvine

Spectral differential imaging with
SCExAO/CHARIS kernel phase

19:00 Conference Dinner – Reed Hall (Building 14 on page 103)
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Friday, 29th April

Session 6: Facilities and Technology
Chair: D. Mortimer

9:00–9:15 CT

Km Nitu Rai
Indian Institute of Science
Education and Research,
Thiruvananthapuram

Simulation Of Intensity
Interferometry For Binary Star

System

9:15–9:30 CT
Nolan Matthews

Institut de Physique de
Nice

Intensity Interferometry at Calern
and Beyond

9:30–9:45 CT

Aline Dinkelaker
Leibniz-Institut für

Astrophysik Potsdam
(AIP)

A 6-input laser-written Discrete
Beam Combiner for stellar

interferometry in the J- and H-band

9:45–10:00 CT
Marc-Antoine Martinod

KU Leuven

Towards broadband nulling and
fringe tracking with 3D-photonic

tricouplers on GLINT

10:00–10:15 CT
Matthew Horrobin
University of Cologne

GRAVITY+: The GRAVITY-wide
and GRAVITY-faint upgrades

10:15–10:30 CT
Guillaume Bourdarot
Max Planck Institute for
Extraterrestrial Physics

Optical aberrations and systematics
analysis for astrometry in GRAVITY

10:30–11:00 Coffee
Chair: M. Martinod

11:00–11:15 CT
Bruno Lopez

Observatoire de la Côte
d’Azur

MATISSE, the VLTI mid-infrared
imaging spectro-interferometer

11:15–11:30 CT
Denis Defrère
KU Leuven

L-band nulling interferometry at
the VLTI with Asgard/Hi-5

11:30–11:45 CT
Germain Garreau

KU Leuven

Design and optimization of the
ASGARD/Hi-5 injection system
into a mid infrared photonic chip

11:45–12:00 CT
Romain Petrov

Observatoire de la Côte
D’Azur

Sensitivity, sky coverage and the
impact on the VLTI AGN program

from 1 to 13 µm
12:00–12:30 VLTI Discussion (Moderator: C. Hummel)
12:30–14:00 Lunch
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Chair: M. Anderson

17:00–17:15 CT
Chris Haniff

New Mexico Tech / MRO
Interferometer

Update on the Status and Progress
of the Magdalena Ridge

Observatory Interferometer

14:00–14:15 CT
Stefan Kraus

University of Exeter

High spectral resolution
interferometry at 1 micrometer
with Asgard/BIFROST: Science
drivers and instrument design

14:15–14:30 CT
Stefan Kraus

University of Exeter

The MIRC-X 6-telescope imager at
CHARA: Performance, science, and

future development program

14:45–15:00 CT
Denis Mourard

Observatoire de la Côte
D’Azur

Towards the first light of
CHARA/SPICA

15:00–15:30 IT
Doug Gies

Georgia State University
News from the CHARA Array

15:30–16:00 Coffee
Chair: J. Young

16:00–16:15 CT
Nic Scott

The CHARA Array
An update on the status and health
of the CHARA Array telescopes

16:15–16:30 CT
Matt Anderson

The CHARA Array
Update on the Adaptive Optics

Program at CHARA

16:30–16:45 CT
Jeremy Jones

The CHARA Array
CHARA Remote Operations and

Data Access

16:45–17:00 CT
Robert Ligon

The CHARA Array
Current Progress on the CHARA

Michelson Array Pathfinder
17:00–17:30 CHARA Discussion (Moderator: G. Schaefer)

17:30 Adjourn
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Public Talk

Please join us on the evening of the 26th of April for a public talk by Dr. Frank
Eisenhauer. Frank is senior staff scientist at the Max Planck Institute for extraterrestrial
Physics (MPE), where he is leading the development and science exploration of large
astronomical instruments and experiments. Two of them, SINFONI and GRAVITY, were
employed in the discovery and characterization of the Galactic Center Black Hole, for
which several researchers were awarded the 2020 Nobel Prize in Physics. Eisenhauer was
awarded the Tycho Brahe Medal of the European Astronomical Society for his leadership
of the SINFONI and GRAVITY instruments, the Stern-Gerlach Medal of the German
Physical Society (DPG) for his pioneering work in high-resolution infrared astronomy,
and the Jackson-Gwilt Medal of the Royal Astronomical Society for the development of
astronomical instrumentation. Following his studies of physics at the Technical University
of Munich, he started his Master- and PhD theses at MPE, where he continued his
scientific career to date. Over the years his experimental focus has moved from adaptive
optics imaging, to integral field spectroscopy, and now to optical/infrared interferometry,
always with the goal of ever better understanding of the physics of black holes and
their environment. Frank Eisenhauer is Adjunct Teaching Professor (Privatdozent) at
Technical University of Munich, where he lectures astrophysics and high angular resolution
astronomy.

Abstract:

Black Holes are among the most mysterious objects in the Universe. They are so massive
and compact that nothing - not even light - can escape their gravity. The talk will
portray the 40 year journey from the first indications to the overwhelming observational
evidence for an extremely heavy and compact object in the Galactic Centre, for which
a supermassive black hole is the best explanation. Using the world’s largest telescopes
and most advanced technology, astronomers can now follow the stars orbiting the central
object, precisely measure its mass, detect the stunning effects of general relativity, and
even measure the orbital motion of hot gas close to the event horizon. Specifically
highlighted will be the spectacular observations from the GRAVITY interferometer, which
has transformed high angular resolution astronomy by combining the light from several
telescopes to form a super-telescope with an equivalent diameter of 130 metres. Its
upgrade will soon boost optical interferometry to the next level, opening up the extra-
galactic sky to the highest resolution observations, and providing ever sharper images for
the observation of exoplanets.
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List of Abstracts – Talks

Monday, 25th April

Session 1: Interferometry Introduction

The VLTI Expertise Centre Network

M. Filho

Faculty of Engineering, University of Oporto, Portugal

The VLTI Expertise Centre (VEC) Network aims to make the VLTI accessible to a wide
range of audiences. Its first and primary target are early stage to senior researchers,
providing support in all stages of proposal preparation, observation and data analysis. The
VECs also provide training in infrared interferometry through dedicated VLTI schools and
dissemination of the VLTI through community days and dedicated talks in conferences and
workshops. This talk is aimed at presenting each of the VECs, their support strucuture
and their mode of action.

Open Access Time at the CHARA Array

G. Schaefer

The CHARA Array

The CHARA Array offers open access time to the community through the NOIRLab time
allocation process. The program is supported by the Mid-Scale Innovations Program
through the National Science Foundation. We continue to increase the number of nights
offered to the community, with a total of 40 nights available in the 2022B semester.
CHARA staff provides assistance to new observers for planning observations, collecting
data, and processing data through the reduction pipeline. I will provide an overview of
the open access program at the CHARA Array and highlight recent science results.
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Preparing observations with JMMC tools: New & Noteworthy fea-
tures

L. Bourgès

JMMC / OSUG / CNRS

The Jean-Marie Mariotti Centre (JMMC) maintains and develops Aspro2, a tool that
allows observabilities at the two main interferometric facilities, VLTI and CHARA, to
be explored. It integrates a description of the infrastructure and instrument relevant
characteristics as up-to-date as allowed. In this presentation we will advertise, through
example and tutorials, new or poorly known capabilities of Aspro2 related to CHARA and
dual-field GRAVITY observations, use of astrophysical models through the JMMC-AMHRA
service and exploration of existing observations and datasets through the JMMC-OIDB
service.

Analysing interferometric data with JMMC tools

F. Soulez

CRAL / Observatoire de Lyon

The Jean-Marie Mariotti Centre (JMMC) develops tools to make the interferometric data
analysis easier for the astronomical community using e.g. the VLTI or CHARA instruments.
In particular it provides softwares either to fit to the data a set of combinable models
(LITpro) or to apply and compare several image reconstruction algorithms (OImaging). It
also provide an online quick view tool to see if any data set fits a simple model (Calliper
service). All these tools are used through graphical user interfaces. They benefit from
the powerful Virtual Observatory framework and the interoperability existing between
the JMMC tools (ASPRO2, OIFITSExplorer, OIdb, AMHRA,...). These developments
accessible at the JMMC website (https://www.jmmc.fr/) are continuously improved. We
will take advantage of this presentation to deliver the latest release of OImaging and show
its new features in a tutorial.
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Session 2: Young Stellar Objects

Massive Compact Disks around FU Orionis-type Young Eruptive Stars
Revealed by ALMA

Kóspál

Konkoly Observatory

The FU Orionis-type objects (FUors) are low-mass young stars undergoing a temporary
but large increase of mass accretion rate from the circumstellar disk onto the protostar.
It is not yet clear what triggers the accretion bursts and whether the disks of FUors
are different from the disks of nonbursting young stellar objects. Motivated by these
questions, we conducted a 1.3 mm continuum survey of 10 FUors and FUor-like objects
with ALMA, using different configurations to recover emission at various spatial scales.
We detected all targeted sources and several nearby objects as well. Thanks to the
extended configuration providing 0.15 arcsec resolution, we spatially resolved most of the
FUor disks. To constrain the disk structure, we fitted the data with models of increasing
complexity from 2D Gaussian to radiative transfer. The radiative transfer modeling
gave disk masses that are significantly larger than what is obtained from the measured
millimeter fluxes assuming optically thin emission, suggesting that the FUor disks are
optically thick at this wavelength. In comparison with samples of regular class II and class
I objects, the disks of FUors are typically a factor of 2.9-4.4 more massive and a factor of
1.5-4.7 smaller in size. A significant fraction of them (65%-70%) may be gravitationally
unstable. It is still an open question whether the observed peculiarities of FUor disks is a
reason or a consequence of their eruptive nature.
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Outflows, jets and chemistry in L1551 IRS 5 with ALMA and VLA

F. Cruz Sáenz de Miera

Konkoly Observatory

L1551 IRS 5 is a Class 0/I protobinary star located in the Taurus star forming region. It’s
been classified as a FUor-like eruptive young star, indicating that it is currently experiencing
an elevated mass accretion rate. The effects that these accretion events can have on
their disks and their environments is still a matter of investigation. We have carried out
observations with ALMA and VLA to obtain high angular resolution data of L1551 IRS 5,
which allow us to study the inner regions of the system with a spatial resolution of a few au.
The ALMA observations covered a wide range of the uv space, ensuring we recovered the
most extended emission while keeping a high angular resolution. From CO isotopologue
observations, we recovered the inner 2,500 au of the bipolar molecular outflow, where we
have found high-velocity bullets and hints of episodic outflows, and we have recovered
emission from both protostellar disks and from the circumbinary disk, allowing us to study
their kinematics and separate the emission of the infalling envelope from the Keplerian
circumbinary disk. We detected several chemical species (e.g. H2S, DCO+, CH3OH)
with which we studied the composition of the system, and we present the comparison
between the two protostellar disks and between L1551 IRS 5 and other young stellar
objects. Finally, we will present our VLA observations from which, in combination with
archival VLA data, we have studied the proper motions of the jet knots emanating from
L1551 IRS 5.
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Looking at the disk of FU Orionis with MATISSE/VLTI

F. Lykou

Konkoly Observatory

FU Orionis is the archetype of a class of young eruptive pre-main sequence stars that
experience fast increases in brightness in the visual and near-IR, which are thought
to be the result of enhanced accretion from their circumstellar disks. Although it is
unclear whether such processes constitute a typical step in early stellar evolution, they are
noteworthy and make FU Orionis-type stars ideal laboratories in studying the evolution
of protoplanetary disks within a few years after an eruptive event. We will present our
work on mid-infrared (L,M and N bands) observations with MATISSE/VLTI of the disk of
FU Orionis. Our interferometric results constrain the size of the hot inner region of the
disk at 3.5 micron, since we find that it is marginally resolved. We employ dust radiative
transfer simulations to model the protostellar disk using the interferometric data and
contemporary photometry. We find an inner radius <1 AU for its outer, silicate-rich, dusty
disk, and an accretion rate of the order of 2× 10−5M�/year. The models suggest that
the orientation of the disk is in accordance with previous works, while we cannot constrain
any disk misalignment with the current measurements.

Imaging the cradles of planet formation with SPHERE-DESTINYS

C. Ginski

Leiden Observatory

In the past decades we have found thousands of extrasolar planets with a huge diversity in
masses and orbital periods. Strikingly all of them are different from the planets in our own
solar system. To understand this diverse population we need to go back to the beginning
and study the initial conditions of planet formation. Advances in instrumentation allow
us today to observe the planet forming environment on scales of 10 au in nearby star
forming regions with high-resolution imaging. I will give an overview of the DESTINYS
(Disk Evolution Study Through Imaging of Nearby Young Stars) ESO large program and
present some of our latest results. In DESTINYS we use the extreme adaptive optics
imager SPHERE at the ESO VLT to observe planet forming disks in the near-infrared
and search for young planets. One of the most spectacular early results are our recent
observations of the SU Aur system, in which we can trace material infall on scales of
hundreds of au and connect it to interferometric observations on scales of less than 1 au.
With our observations we can link the disk-cloud interaction to disk misalignment and
possibly spin-orbit misalignment in evolved planetary systems.
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Gemini-LIGHTS: a survey of Herbig Ae/Be and massive T-Tauri
protoplanetary disks imaged with Gemini Planet Imager

E. Rich

University of Michigan

We present a sample of 44 protoplanetary disks from the Gemini- Large Imaging with
Gpi Herbig/T-tauri Survey (Gemini-LIGHTS), which observed bright Herbig Ae/Be stars
and T-Tauri stars to search for signatures of disk evolution and evidence of ongoing
planet formation. We utilized high-contrast polarized imagery in J- and H-bands with the
Gemini Planet Imager (GPI) at the Gemini South Observatory. Targets in the sample
were selected based on their near- and mid-infrared colors selecting a less-biased number
of transitional, pre-transitional, and full disks. We detect scattered light signatures
around 75% of our 44 targets. We also detected point-like companions for 47% of the
targets within the 2" field of view, including 1 super-Jupiter mass candidate and 4 brown
dwarf candidates. We searched for correlations between the polarized flux with system
parameters, finding a few clear trends: far-IR excess in the SED correlates with polarized
flux, presence of a companion star drastically reduces the scattered light levels, and
systems hosting disks with ring structures have less than 3 solar masses. Our sample
also included four hot, dusty "FS CMa" systems and we detected large-scale (>100 au)
scattered light around each, signs of extreme youth for these enigmatic systems. Data
from this survey is publicly available using a new FITS file standard jointly developed with
members of the VLT/SPHERE team.

High angular resolution observations of protoplanetary disks

K. Perraut

IPAG (CNRS/UGA)

In this contribution, I will review the recent advances in star and planet formation studies
that have been allowed by observations at high-angular resolution in the last few years. Star
and planet formation involves a complex interplay of physical processes (accretion/ejection,
planet-disk interactions), many of which can be studied and constrained observationally. Of
particular importance is to investigate the physical conditions prevailing in protoplanetary
disks at all scales, from the stellar surface up to beyond the ice-lines. Through a few
examples, I will show the high complementarity between optical interferometry, that
probes the inner disk on sub-au scales, and adaptive optics techniques and millimeter
interferometric imaging that unveil features extending over tens of au, all together bringing
unprecedented details on the structure of planet-forming disks.
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Asymmetric circumstellar dust distribution after an exosolar asteroid
collision

L. Chen

Konkoly Observatory

Extreme debris discs often exhibit variability on yearly time scale, indicating production
and dispersal of ephemeral dust. In one scenario for these variable systems, the dust is
supplied by a collision between two large asteroids, similar to the giant impacts in the
early history of our own solar system. The immediate aftermath of such an impact event
would be an optically thick dust clump, which would then spread out azimuthally due to
its velocity dispersal, evolving first into a spiral structure and finally into a circular ring.
The azimuthal spreading together with the orbital motion and collisional evolution of the
dust could be responsible for the observed photometric variability. However, this scenario
is supported mainly by photometric observations, while direct detection of the predicted
asymmetry remains absent. A year-long mid-infrared brightening of HD 166191 was
detected in 2019, and was interpreted as the aftermath of a collision between two large
asteroids at 0.5 au from the star. Taking this unique opportunity for detailed study of
the dust evolution immediately after a major collision event, we observed HD 166191 with
VLTI/MATISSE in 2019 and 2021 to spatially resolve the newly formed dust. We found
strong asymmetry in dust distribution in 2019 but much weaker asymmetry in 2021. Our
results provide the first observational evidence for a time-evolving asymmetric structure
in an extreme debris disk, providing strong support for the giant collision scenario.
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Temporal variability of the potential planet-forming regions in proto-
planetary disks

J. Kobus

Kiel University

Optical and infrared spatially unresolved multi-epoch observations have revealed the
variability of pre-main sequence stars and/or their environment. Moreover, structures
in orbital motion around the central star, resulting from planet-disk interaction, are
predicted to cause temporal variations in the brightness distributions of protoplanetary
disks. Long-baseline interferometry provides the opportunity to observe the temporal
variability of these structures and thus to study time-dependent phenomena of the planet
formation process on scales of ∼1 au - corresponding to timescales of months to years
- in nearby star-forming regions. Through repeated observations with beam-combiners
of the Very Large Telescope Interferometer (VLTI) operating at near- to mid-infrared
wavelengths over nearly two decades, the ESO Archive has become a treasure chest
containing unprecedented high-resolution multi-epoch observations of the potential planet-
forming regions in protoplanetary disks. We make use of this opportunity and investigate
whether the existing multi-epoch observations obtained with the VLTI for 68 pre-main
sequence stars provide evidence for the variability of the brightness distributions of the
innermost few astronomical units of protoplanetary disks and to quantify any variations
detected. We find seven objects with significant variations. By classifying the symmetry
of the variations, we find that in addition to the two known binaries DX Cha and AK Sco,
HD 50138 and V856 Sco show signs of variability caused by variations of asymmetric
structures in the brightness distributions.

A temporal study of a Herbig Ae inner disk

B. Setterholm

University of Michigan

Combining observations of HD 163296 from the MIRC-X (CHARA) and PIONIER (VLTI)
instruments, over a span of 2 months in summer 2019, we investigate the inner-disk of
this near-by Herbig Ae star. Utilizing the long baselines available with CHARA, together
with the sensitivity improvements afforded with MIRC-X, we provide a clearer look at the
disk geometry than previously available. We show strong evidence for a moving feature
near the dust sublimation rim of the disk, orbiting at a period of around 25 days.
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Harnessing the full power of the VLTI to resolve planet-formation

J. Varga

Leiden Observatory

Recent ALMA and SPHERE observations have revealed the rich sub-structure of planet-
forming disks. The most common features are rings and gaps, along with clumps, and
spiral arms. There are a various theories for the physical origin of these sub-structures,
among them the planetary origin has a certain prominence. Indeed, hydrodynamical
simulations show that gaps can be opened by massive planets. Such gaps can be seen in
ALMA images at tens to hundreds of au distance from the central star, but not in the
inner regions because of the lack of spatial resolution. Currently, optical interferometers
have alone the resolving power needed to detect sub-structure in the inner few au disk
region, where terrestrial planets can form. VLTI is highly suited for that task, as its
instruments work at near- and mid-IR wavelengths, where the inner disk thermal emission
peaks. I will present a new technique how VLTI can used to reveal the architecture of
inner disks better than before. The core of our approach is to combine data from all
VLTI instruments to create a virtual interferometer working between 1.6 and 13 microns.
Using these data in hand, we fit physics-based advanced models which approach image
reconstruction. Our method is demonstrated for the case of HD 144332, a young star
with a well-studied planet-forming disk. HD 144432 is an ideal laboratory for such studies,
as it has long been postulated that is has a structured inner disk.

Theoretical Studies on Disk Misalignment and Spirals
Z. Zhu, University of Nevada, Las Vegas

Disk shadows and spirals have been discovered in optical/near-IR observations. They are
also associated with submm crescents and cavities. I will first discuss how an embedded
massive planet can break a disk, leading to disk misalignment. We can use disk shadows
to study disk precession and constrain the potential perturber’s properties. Then I will
discuss why spirals are ubiquitous in disk systems and how we can use spirals to probe
perturber’s mass and eccentricity. Finally, I will present recent simulations on particle
trapping in spirals of gravitationally unstable disks, and how such particle concentration
can lead to direct planet formation.
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Characterizing the inner AU of V1295 Aql

N. Ibrahim

University of Michigan

The inner AU of protoplanetary disks host many complex physical processes such as
star-disk interactions, magnetic fields, dust destruction, planet formation, and migration.
To directly study this region requires Milli-arcsecond angular resolution, beyond the
diffraction limit of the world’s largest optical telescopes and even too small for the
mm-wave interferometer ALMA. However, we can use infrared interferometers now to
image the inner astronomical unit and we present new results from the CHARA and
VLTI Arrays for the young and luminous Herbig Ae star v1295 Aql. We clearly detect a
sub-au dust-free cavity surrounded by a ring-like structure that we interpret as the dust
destruction front. We model the shape with different radial profiles and also present a
model-free image reconstruction. The inner rim is not perfectly sharp and the cause for
the transition region is still unclear, perhaps due to different dust grain compositions or
diffusion effects.
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Probing the multiplicity of massive pre-main sequence stars with
VLTI/GRAVITY

E. Bordier

ESO / KU Leuven

Characterizing the multiplicity of young massive stars has seen some significant progress
over the past years, thanks to the advent of optical/IR high-angular resolution facilities.
Most main sequence massive stars (∼70%) belong to short-period binaries, a fact that
does not reflect the binary parameters measured among populations of newly born massive
stars. To bridge the gap between these two regimes, we need to obtain strong constraints
on the multiplicity properties at birth and the origin of the pairing mechanism. Still, being
deeply embedded in their natal envelope, a definitive observational sequence for their
formation is lacking. A worthwhile compromise is to spatially resolve young binaries by
means of near-IR high-angular resolution. Being one of the youngest clusters in our Galaxy,
M17 is an unprecedented laboratory where pre-main sequence binaries can be caught.
In my talk, I will describe how the mas resolution scale achieved with VLTI/GRAVITY
provides an unparalleled opportunity to investigate binarity among a population of young
massive stellar systems. From the interferometric model fitting of visibility amplitudes
and closure phases, I will present statistics on young massive stars multiplicity tracing
1-100mas in M17, including multiplicity and companion fraction. These results will be
compared to other studies involving different star populations and covering different mass
regimes. Finally, I will discuss the connection with the current star formation theories and
relate with the migration scenario.

28



An interferometric view on young massive stars

E. Koumpia

European Southern Observatory

The formation of massive stars (> 8 M�) has been a challenging topic for many decades.
Our understanding of massive star formation is advancing due to new, high angular
resolution observations. Here, I provide an overview of the progress made over the
past decade using powerful interferometers at different wavelength regimes (e.g., VLTI,
ALMA). Impressive structures and phenomena, such as discs and multiplicity, have now
been observed, advancing our understanding of the nature of MYSOs, and therefore of
high mass star formation.

Tuesday, 26th April

A sharp view of the silicates in the young outbursting star V900 Mon

P. Ábrahám

Konkoly Observatory

Mid-infrared interferometry is a powerful method to characterize the inner disk of a young
stellar object. Based on high resolution measurements, we can determine disk geometry,
search for companions, and study dust properties, including grain growth and crystallinity.
As part of the interferometry program on young stellar objects at Konkoly Observatory,
here we present VLTI/MATISSE observations of V900 Mon, an FU Orionis-type young
outbursting star. We determined the dist geometry, and confirmed the presence of the
silicate emission feature already indicated by MIDI. The spectrally resolved correlated
MATISSE fluxes on different baselines revealed a shocking radial variation of the silicate
profile. This radial trend cannot be explained by grain growth effects alone, and an
absorption component toward the innermost part of the system had to be assumed, which
was unexpected in light of the close to face-on geometry of the disk. We found no sign
of crystalline silicates, thus the long-standing mystery of the lack of crystalline silicates
in FU Orionis-type objects remains unsolved. We explored the surrounding nebulosity,
and searched for jets possibly related to the outbursts by looking for forbidden atomic
lines in our new VLT/MUSE optical spectra. Finally, based on multifilter photometric
observations obtained at different phases of the eruption, we studied the long-term
evolution of the outburst.
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The GRAVITY young stellar object survey. VIII. Gas and dust faint
inner rings in the hybrid disk of HD141569

V. Ganci

University of Cologne

The inner regions of protoplanetary disks, where key processes directly linked to planet
formation like gas accretion flows, winds, and dust sublimation take place, are of prime
interest. Only milliarcsecond resolution observations can discriminate between competing
models, and characterize the star–disk mechanisms traced by emission lines like the
hydrogen Brackett-Gamma. HD141569 is the only known pre-main sequence star charac-
terized by a hybrid disk. Extensively studied from 10 au and outward, it show a complex
multi-ring environment. We aim at probing the very center of the system with GRAVITY,
to reveal the geometry and dynamics of its internal structure. HD141569 was resolved
for the first time. Due to a featureless SED, the near-IR flux contribution of a dust disk
was considered absent, but now, thanks to interferometry, the presence of dust in the
first au of the system is a more robust piece of evidence and the K-band flux excess is
clearly detected and constrained to be 6.2% of the total flux. Data modeling suggests
that the dust is located in a thin ring (<0.3 au in width) at a radius of 1 au from the
star, coplanar with the outer rings. Radiative transfer modeling favors a small amount
(1.4× 108 Mearth) of quantum-heated particles making up the ring, in contrast with large
silicate grain models. Finally, GRAVITY detected a significant amount of BrG gas and
constrained it in a Keplerian disk-like structure confined within 12.9 Rstar and oriented as
the outer rings.
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Interferometric studies of Br-Gamma gas emission in T-Tauri stars
with GRAVITY

A. Wojtczak

University of Cologne

As YSOs advance towards their main sequence stage, they will eventually form a circum-
stellar disk from which they accrete more material. To describe this process in T Tauri
stars, earlier concepts of accretion have been abandoned in favour of magnetically driven
scenarios, where, due to their strong magnetic fields, material is prevented from direclty
spiralling inwards in the disk plane through magnetic pressure. Instead, under the paradigm
of magnetospheric accretion, it is funnelled from the edges of a magnetically truncated
inner disk along the field lines onto the star at high latitudes. Hydrogen Br-Gamma
emission is produced in those hot magnetic funnel flows and thus serves as an important
tracer for magnetospheric accretion. Since the relevant processes take place on spatial
scales of a few stellar radii, only optical long baseline interferometry is capable of allowing
us to constrain the spatial extent of the emitting hydrogen region and to analyse the
kinematics of the gas in the accretion flows. To this end we studied the Brγ emission
region in the inner disk for a sample of 7 T-Tauri stars, observed with VLTI GRAVITY
in the NIR K-band at a spectral resolution of 4000, in order to test the magnetospheric
accretion scenario and to identify trends based on the varying stellar parameters. We
present our analysis based on qualitative comparisons with known characteristic parame-
ters derived from magnetospheric accretion models, such as the corotation radius, and
synthetic observables derived from a series of radiative transfer image cubes, as well as
the trends that we were able to extrapolate from our sample.
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Spatially resolving the CO overtone emission in young stars: The case
of 51 Oph

M. Koutoulaki

University of Leeds

A first step towards understanding planetary formation is the characterisation of the
structure and evolution of protoplanetary discs. Although the large scale disc is understood
in some detail, especially with the recent ALMA studies, very little is known about the inner
5 au in which main processes take place like accretion, ejection and planetary formation.
YSOs are known to display Brγ emission and more rarely the CO ro-vibrational emission.
In Herbig Ae/Be stars the Brγ emission seems to be bright. This emission is used to
infer an accretion rate for YSOs through an empirical relation between the accretion
and Brγ line luminosities. Yet, the origin of the Brγ emission is still unclear and may
in fact have contributions from mass ejection as well as accretion. A better tracer of
accretion in the disc is the CO ro-vibrational emission. Until VLTI/GRAVITY came along
this emission was only spatially resolved in a handlful of objects and that mostly in the
visibilities. In order to more comprehensively understand the origin of this line and the
physical processes that take place we are performing a detailed spectro-interferometric
study of the CO emitting region at high spectral resolution using VLTI-GRAVITY. Here
I will present our results on Herbig star 51 Oph. We model the CO spectrum and the
differential phase signal with an LTE model and we find that the line emission originates
from a dust free, hot, and dense region at 0.1 au from the star. We finally demonstrate
that although the system is quite compact, using the differential phases can give us a
good constraint on the location and environment of the emitting region.
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The HD 98800 quadruple pre-main sequence system Towards full
orbital characterisation using long-baseline infrared interferometry

S. Zúñiga-Fernández

ExoTIC Lab - University of Liege

HD 98800 is a young (∼10 Myr old) and nearby (∼45 pc) quadruple system, composed
of two spectroscopic binaries orbiting around each other (AaAb and BaBb), with a gas-
rich disk in polar configuration around BaBb. A full characterisation of this quadruple
system can provide insights on the formation of such a complex system. We used long-
baseline interferometric observations with the VLTI instrument PIONIER to obtain relative
astrometric positions and flux ratios for both AaAa and BaBb subsystems. Combining the
astrometric points with radial velocity measurements, we determine the orbital parameters
of both subsystems. We refined the orbital solution of BaBb and derived, for the first
time, the full orbital solution of AaAb. We confirmed the polar configuration of the
circumbinary disk around BaBb. From our solutions, we also inferred, for the first time,
the dynamical masses of AaAb. The orbital parameters are relevant to test the long-term
stability of the system and to evaluate possible formation scenarios of HD 98800. We
show that the system should be dynamically stable and we present preliminary predictions
for the transit of the disk in front of AaAb. We discuss the lack of a disk around AaAb.
Future high-resolution infrared spectroscopic observations would provide radial velocities
of Aa and Ab (blended lines in contemporary observations), which would allow us to
calculate the dynamical masses of Aa and Ab independently of the parallax of BaBb.
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Session 3: Stars

Modelling the close Herbig Be binary MWC166A (and its circumstellar
environment) with near-infrared interferometry

S. Zarrilli

University of Exeter

Our understanding of the formation and evolution of massive stars is heavily dependent
on finding unbiased estimates of their mass. This traditionally involves studying the
orbits of pre-main-sequence binary systems. However, due to instrumental limitations
this has traditionally only been possible for a handful of systems. The arrival of second-
generation interferometric instruments allows astrometry accurate to micro-arcsecond
scales, increasing the number of potential candidates. One such system is MWC 166A: a
young, high-mass, single-lined spectroscopic binary located in the CMa OB1 association.
In this talk, I will present the first full three-dimensional orbit solution for the system,
where we incorporate historical RV data with astrometry from continuum observations
at VLTI and CHARA over 8 years. Our solution differs substantially from the existing
RV orbits and allows us to determine model-independent dynamical masses for both
components of the system. I will also discuss results of spectral line fitting for our
GRAVITY data at multiple epochs, using PMOIRED. Simultaneous analysis of differential
phases, visibilities, closure phases and system flux have revealed a previously-unseen level
of activity in the circumstellar environment. Our line models show regions of He-I and Br-
emission localised around the primary component, with evidence of rotation. This could
be a sign of active accretion onto the primary, or of a Classical Be decretion disc.

Review of Binary Star Science with Interferometry

K. Lester

NASA Ames

Binary stars are unique laboratories for many areas of stellar astronomy, such as orbital
dynamics, star formation and evolution, and the cosmic distance ladder. I will review the
current observational methods and science goals for studying binary stars with interferom-
etry, and highlight recent work to measure the orbits, stellar properties, interactions, and
surrounding environments of multiple star systems.
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The mid-IR environment of V838 Monocerotis as revealed by MA-
TISSE and GRAVITY

M. Z. Mobeen

Nicolaus Copernicus Astronomical Center

In 2002 V838 Monocerotis (V838 Mon) erupted in a luminous red novae event as a result
of which its brightness increased by several orders of magnitude. Soon after the eruption,
the source began to cool down, and its spectra evolved to that of a late L type supergiant
with prominent molecular emission features. This outburst is believed to be the result
of a stellar merger between an 8 solar mass main sequence B-type star and a 0.8 solar
mass young stellar object. Infrared observations of the V838 Mon suggest that dust
formation had also occurred in the post-merger vicinity. As a result of V838 Mon’s infrared
brightness, it is an ideal candidate for mid-IR interferometric studies, which have in the
past decade revealed the presence of a disk like feature surrounding the central merger
remnant. In this talk, I shall present and discuss the results of recent interferometric
observations of V838 Mon using the VLTI instruments MATISSE and GRAVITY. I will
talk about what these results reveal regarding the circumstellar environment in V838 Mon
in terms of morphology and chemical composition, and how it furthers our understanding
of stellar merger events, especially the post merger phase.
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Probing interacting massive stellar systems with infrared interferome-
try

A. Frost

KU Leuven

Massive stars (M > 8M�) form from the same clouds of dust and gas as low-mass stars.
However they lead much more influential lives, affecting both their own stellar environment
and whole galaxies through their powerful luminosities, stellar winds and supernovae, and
through the generation of heavy elements and gravitational waves. One key aspect of
massive stars is their multiplicity – most massive stars have been shown to exist in at
least a binary system, with higher order systems such as triples also existing. Furthermore,
a large portion of massive binary systems are expected to be on periods short enough
that the stars in their systems can interact, for example via merging or engaging in stellar
envelope stripping. Such interactions can greatly alter the chemical and physical evolution
of the stars in such systems and therefore in turn affect their influence and final fates.
In this talk I will provide examples of how optical/infrared interferometry can allow us
to probe massive binary systems that can and have interacted. I will include recently
published results on the system HR 6819, a post-interaction binary system that was
masquerading as a triple system including a black hole, and preliminary results of the
massive binary system HD 148937, where a previous merger appears to have generated a
magnetic field in one of its stars.
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A sharp view on circumbinary disks around evolved stars: do they
form planets?

J. Kluska

KU Leuven

Most of the planets were formed around young stars. But can they also form around
evolved ones? The origin of the diversity and complexity of the detected exoplanetary
systems stems from how they form in protoplanetary disks. These disks are intensively
studied around young stars thanks to the high-angular resolution provided by the VLT
or ALMA. However, similar disks are also found around evolved stars, namely post-AGB
binaries, raising the exciting but yet unanswered possibility of second-generation planet
formation.
We can now probe this possibility using high angular resolution instruments. In this talk, I
will show the latest results of an extensive observing campaign of these disks using infrared
interferometry at the VLTI (PIONIER, GRAVITY, MATISSE), the combination with
larger scale observations with ALMA or SPHERE, and an innovative image reconstruction
technique to reveal the complex circumbinary environments. These observations show
that these disks share many similarities with protoplanetary disks around young stars.
Whether or not planet formation is possible at the end of stellar evolution, these disks
enable us to test planet formation processes in a parameter space that is unmet around
young stars (e.g., short disk lifetime, high stellar luminosity) and further constrain planet
formation processes.
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Full VLTI observations of circumbinary discs around evolved binary
systems

A. Corporaal

KU Leuven

High angular resolution observations have been improving our understanding of circumstel-
lar discs tremendously. In this talk, I will focus on a class of evolved stellar systems that
show stable, dusty circumbinary discs, namely post-asymptotic giant branch (post-AGB)
binary systems. These circumbinary discs show remarkable, but unexpected, similarities
with planet forming discs around young stellar objects. Using infrared interferometric
techniques to spatially resolve the emission from the very inner regions of these discs, we
gain insight into both the dynamical disc-binary interaction and the physical conditions in
the inner disc regions. In this talk, I will present the results of our thorough observing
campaign using all the current VLTI instruments, PIONIER, GRAVITY, and MATISSE,
to reveal the circumbinary disc around one such post-AGB binary system. I will show
model results that reproduce the visibility data of all bands, providing strong implications
on the inner disc properties and disc-binary interactions and I will discuss the importance
of interferometric high angular resolution observations at different stellar evolution stages
to further constrain both the structure of and the physical processes in the inner regions
of circumstellar discs.

Imaging disk-binary interactions in post-AGBs with CHARA/MIRC-X
and MYSTIC

N. Anugu

The CHARA Array

We investigate binarity evolution in low, and intermediate-mass (0.8-8 M�) stars through
the study of post-AGB binaries. The post-AGB binaries are ideal laboratories to study
disk-binary interactions such as misalignments and disk warps because these binaries are
surrounded by circumbinary disks similar in many ways to the protoplanetary disks seen
around young stars. We exploit near-infrared interferometry, CHARA/MIRC-X+MYSTIC,
to study these targets in H and K-band wavelengths with up to 0.5 mas angular resolutions.
The CHARA high-angular resolutions allow us to simultaneously resolve the inner binary
and the circumbinary disk, giving us an unprecedented insight into disk-binary interactions.
We made observations of six targets, which enabled us to recover the binary astrometric
positions and start comparing the orbit orientation to the circumbinary disk and seem
to discover misalignments. We also detect the first clear indication of a spiral in a disk.
This presentation details our observing strategy and results.
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K-band interferometric study of the M-type Mira star R Car

A. Rosales-Guzman

Instituto de Astronomia (UNAM)

One of the final stages of low- to intermediate-mass stars is the Asymptotic Giant
Branch (AGB) phase. During this phase, mass loss is important for both the star’s
evolutionary track and the chemical enrichment of the interstellar medium. However, the
mass-loss mechanisms are still not well understood, especially on M-type AGBs. One
way to understand the physical conditions in the close vicinity of these stars is through
high-resolution observations of the stellar of the stellar surface and its closest environment.
In this talk, we explore K-band interferometric data (at two different epochs) of the
M-type (M5/8) Mira star R Car, obtained with the instrument GRAVITY at the Very
Large Telescope Interferometer (VLTI). Our program aimed to dig into the gaseous and
dusty structures that are formed at the innermost part of R Car to gain more insights
into the mass-loss mechanisms. Our analyses include (i) parametric model fitting of the
interferometric data, (ii) image reconstruction of the continuum and the CO band-heads
and (iii) a physical model of the CO distribution. In the talk, we will discuss the results
from our analyses in the context of the asymmetric and variable structures observed in
the morphology of R Car and their implications on the dust-formation and mass loss.
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Investigating Mass Transfer in Symbiotic Stars

T. Gaudin

New Mexico Institute of Mining and Technology

Symbiotic stars are a type of wide interacting binary system consisting of a cool giant
star and a hot companion, typically a white dwarf. These systems are characterized by
wide binary separation, a long orbital period, and a dense circumstellar medium produced
by mass transfer from giant to companion. The rates and mechanisms that govern the
mass transfer process within symbiotic stars are currently poorly understood. Improving
our understanding of mass transfer in these systems is important in connecting them
to important stellar objects such as planetary nebulae and Type Ia supernovae and in
determining the role that symbiotic stars play in the late stages of stellar evolution.
Research suggests that the ideal method of investigating mass transfer in symbiotic stars
is to directly image the cool giant in these systems with an optical interferometer. This
work presents the initial results of an optical interferometry study to use the Center
for High Resolution Angular Astronomy (CHARA) Array for the purpose of imaging
symbiotic stars. The techniques of model fitting and direct imaging of the cool giant in
four symbiotic star systems were used in an effort to search for the presence of radial
asymmetry such as a Roche lobe. Once the radial diameter of each system was known,
the Roche filling factor was able to be determined, giving valuable information about the
mass-loss mechanism at work in each system.
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The Small Separation A-Star Companion Population: First Results
with CHARA/MIRC-X

M. D. Furio

University of Michigan

We present preliminary results from our long-baseline interferometric survey to constrain
the multiplicity properties of intermediate-mass A-type stars within 75 pc. Previous
multiplicity studies of nearby stars exhibit orbital separation distributions well-fitted with a
log-normal with peaks >15au, increasing with primary mass. The A-star multiplicity survey
of DeRosa et al. (2014), sensitive beyond 30au, found a log-normal peak around 390
au. Radial velocity surveys of slowly-rotating, chemically peculiar Am stars identified a
significant number of very close companions with periods <5 days, 0.1au, a result similar
to surveys of O- and B-type primaries. Our initial sample consists of 27 A-type primaries
with estimated masses between 1.44-2.49 M and ages 10-790 Myr, which we observed
with the MIRC-X instrument at the CHARA Array. We use the open source software
CANDID to detect five companions, three of which are new, and derive a companion
frequency of 19%+11%-6% over mass ratios 0.27-1.0 and projected separations 0.3-3.3
au. We find a probability of 10=7 that our results are consistent with extrapolations
based on DeRosa et al. (2014) over mass ratios and separations sampled, with a higher
companion frequency in our sample. We also find a probability of 0.02 that the A-type
companion frequency is the same as the solar-type companion frequency over common
mass ratios and separations, strong evidence for a higher companion frequency for A-type
stars.
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Beyond binarity: investigating the higher multiplicity of A-type stars
with near-infrared interferometry

I. Waisberg

Weizmann Institute of Science

A-type stars are the main progenitors of the white dwarfs we see today, around 1% of
which are believed to eventually explode as type Ia supernovae. In contrast to low and
high mass stars, however, the multiplicity of A stars has been comparatively much less
studied and is not well known (in particular beyond binarity), even though it is tightly
related to the multiplicity and the poorly understood fate of the resulting white dwarfs.
We have started a near-infrared interferometric survey with VLTI/GRAVITY of a sample
of nearby (< 100 pc) A stars that show large long-term proper motion changes between
Gaia and Hipparcos — indicative of a massive (> 1 solar mass) companion —, and which
have been previously observed with adaptive optics (AO). The full sample of twenty stars
includes targets that (i) have no AO companion, (ii) have an AO companion but it cannot
cause the observed acceleration, and (iii) have an AO companion capable of causing the
acceleration. We will present the results of the observations of a sub-sample of nine
of these targets which include the detection of new stars in all three categories above
and non-detections in two systems of categories (i) and (ii), and which are therefore
candidates for being Sirius analogues (i.e. A stars with a white dwarf companion). The
revised multiplicity of these systems is important not only in the supernovae Ia context
but also for the understanding of star formation and multi-body dynamics. In particular,
we will present a detailed analysis of a hierarchical triple (which is itself part of quintuple
system) containing a close (13-day period) eccentric main sequence binary in which the
combination of NIR interferometry, AO, radial velocities and Gaia-Hipparcos astrometry
indicates that the mutual inclination between the inner and outer orbits is low, challenging
a dynamical Kozai-Lidov plus tidal dissipation migration mechanism for the formation of
the inner binary.
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New Interferometric detections of sdO companions orbiting Be stars

R. Klement

The CHARA Array

Classical Be stars are possible products of close binary evolution, in which the mass donor
becomes a hot, stripped O or B-type subdwarf (sdO/sdB), and the mass gainer spins
up and grows a disk to become a Be star. While around 20 Be+sdO binaries have been
identified spectroscopically, dynamical masses and other fundamental parameters have until
recently been available only for a single Be+sdO system, limiting the confrontation with
binary evolution models. In this contribution, I will report on new direct interferometric
detections (with CHARA/MIRC-X) of sdO companions around several classical Be stars,
some of which were previously found in UV spectra. For the detected binary systems, we
present the first astrometric orbits and - upon combination with spectroscopy and Gaia
distance - preliminary dynamical masses of the components. One of the binary systems is
massive enough so that it could be the first identified progenitor of a Be/X-ray binary with
a neutron star companion. These results provide new sets of fundamental parameters
that are crucially needed to establish the evolutionary status and origin of Be stars. I will
also report on the on the progress of the ongoing CHARA/MIRC-X Be star survey and
outline future work.
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Multiplicity of Northern bright O-type stars with optical long baseline
interferometry: Results of the pilot survey

C. Lanthermann

The CHARA Array / GSU

The study of the multiplicity of massive stars gives hints of their formation processes and
their evolution path. Optical interferometry is mandatory to fulfill our knowledge on their
multiplicity by probing the separation’s gap between 1 and 50 mas. We demonstrated the
capability of the new interferometric instrument MIRC-X, located at the CHARA array,
to study the multiplicity of O-type stars. With a large interferometric survey of Northern
O-type stars multiplicity, we would be able to probe the full range of separation of more
than 120 massive stars (H < 7.5). To do so, we built a pilot survey of bright O-type
stars (H < 6.5) observable with MIRC-X. We observed as many of these systems as we
could. We systematically reduced the obtained data with the public reduction pipeline
of the instrument. We analyzed the reduced data with CANDID, a software dedicated
to the detection of companions in interferometric observables. We observed 29 O-type
star systems, including a couple of systems in average atmospheric conditions around
a magnitude of H = 7.5. Out of these 29 systems, we detected 17 companions in 15
different systems, resulting in a multiplicity fraction fm = 15 / 29 = 0.52, and a companion
fraction of fc = 17 / 29 = 0.59. Those results are in agreement with the results of
SMASH+ survey. We observed for the first time 10 of these detected companions. This
study concludes that a large survey on more than 120 Northern O-type stars is possible
with MIRC-X.
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Interferometry and exoplanets

R. Ligi

Observatoire de la Côte d’Azur

The detection and characterization of exoplanets complement each other, as they are
both needed to obtain a clear vision of exoplanetary populations. Interferometry provides
quasi-direct and very precise angular diameters. The stellar radius intervenes in the
determination of many other stellar parameters obtained through various techniques
(asteroseismology, models. . . ). Since established links between stellar and exoplanetary
properties (mass, metallicity,. . . ) are now well known, the knowledge of precise stellar radii
plays a major role to understand the link between stars and planets. The determination of
exoplanets masses, radii and densities is mandatory to derive their bulk composition, itself
related to exoplanets formation and potential habitability. However, these parameters
totally rely on their host star parameters. Indeed, the transit method and radial velocity
measurements provide the ratio of planetary and stellar radius (resp. mass). Knowing
the radius of the star is essential to derive the radius of the planet. Moreover, transit
light curves also provide the stellar density which, combined to the interferometric radius,
give the stellar mass independently of stellar models. Finally, the resolving power of
interferometry combined with high-contrast devices offer new detection possibilities.
Nulling interferometry, non-redundant aperture masking and kernel-phase analysis are
interferometric techniques applied to single or multiple apertures that allow the detection
of faint companions inside the detection limit of telescopes. This opens a new path to
probe the inner parts of exoplanetary systems, and fill the empty parts of exoplanets
populations. In this talk, I will review how interferometry can be a real asset for exoplanet
search and characterization in many ways.

Stellar Diameters and 6-way Data from the NPOI

E. Baines

Naval Research Laboratory

We recently used the Navy Precision Optical Interferometer (NPOI) to measure the angular
diameters of 44 stars spanning 0.9 mas to 12 mas with a wide range of temperatures,
from 3400 K to over 12,000 K. We took advantage of the extensive 20+ year NPOI data
archive combined with new observations for this sample. We will present these results as
well as the results of 6-way data collected at the end of 2021.
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Accurate & Precise Radii of exoplanet host candidates with CHARA
/ MIRC-X

N. Anugu

The CHARA Array

Fundamental parameters of exoplanet host stars are vital to constrain the physical
properties of their planets. Direct measurement of stellar diameter to ∼ 1% accuracy
with long-baseline interferometry is one way to constrain one of these critical parameters.
Host star sizes also play an important role in habitable zone determination and transit
spectroscopy of atmospheres. In this work, we use CHARA/MIRC-X to determine the
sizes of four stars selected from the larger radial velocity (RV) survey sample of the new
extreme precision NEID spectrometer. For the accurate measurement of radii, we used
proven observing strategies such as each star being observed with more than one calibrator
and on more than one night. By exploiting the MIRC-X capabilities of 15 visibilities, 20
closure phases, and ∼0.5 milliarcseconds angular resolution, we estimated the radii of
stars with 1% accuracy, leading to less systematics than previous measurements. This
presentation details the observing, data reduction, and data-fitting strategies.
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Wednesday, 27th April

Dynamical atmospheres and winds of evolved stars: Explaining emer-
gent structures

S. Hoefner

University of Uppsala

Asymptotic giant branch stars and red supergiants are prime targets for spectro-interferometric
studies and imaging due to their large sizes. Recent observations of nearby objects have
shown variable surface patterns, probably related to large-scale convective motions, and
complex dynamical structures in their extended atmospheres and stellar winds. Through
their winds, evolved stars enrich the interstellar medium with newly produced elements and
dust grains. To understand the underlying physical processes, and to quantify the effects
on stellar and galactic chemical evolution, it is necessary to construct self-consistent global
dynamical models of evolved stars, including their convective interiors, their shock-levitated
atmospheres, and their wind-driving regions. I will give an overview of recent progress in
this field, and present first results of global 3D radiation-hydrodynamical star-and-wind-
in-a-box simulations of AGB stars. Observations with advanced instruments, which can
resolve the stellar atmospheres and wind formation regions, are essential for testing the
models.
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Resolving convection-related stellar surface structures of cool evolved
stars

A. Chiavassa

Lagrange, Observatoire de la Cote d’Azur

Evolved cool stars of various masses are major cosmic engines, providing strong mechanical
and radiative feedback on their host environment and contributing to enrich the interstellar
medium with chemical elements, which are the building blocks of planets and life. These
stars are known to propel strong stellar winds with mechanism poorly understood that are
intimately linked with the dynamics of their stellar surfaces. These stars have large radii
and luminosities, peaking in the infrared, making them a perfect target for long-baseline
interferometric. Thanks to the higher angular resolution of VLTI and CHARA, it has
become routinely possible to achieve extremely detailed images that unveil the stellar
surface dynamics and contribute to solve the mystery of mass-loss mechanism. I will
present two recent examples of interferometric images: [1] the Asymptotic Giant Branch
star CL Lac, first image of MIRC-X (CHARA), for which we confirmed the presence
of convection-related surface structures on its surface, detected with Gaia astrometric
measurements. [2] The Red Supergiant star VX Sgr, first star of this kind resolved with
MATISSE (VLTI), for which we explored the extended atmosphere and circumstellar
environment.

References
[1] CL Lac: Chiavassa, Kravchenko, Millour et al. 2020, AA, 640, id.A23
[2] VX Sgr: Chiavassa, Kravchenko, Montargès et al., 2022, AA, in press, arXiv:
2112.10695
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Interferometric constraints on the mass-loss process of cool evolved
stars

M. Wittkowski

European Southern Observatory

Cool evolved stars, including asymptotic giant branch (AGB) and red supergiants (RSGs)
form molecules and dust in their atmospheres, which are subsequently expelled into the
interstellar medium via stellar winds. For AGB stars, it has been shown that pulsation and
convection lead to strongly extended molecular atmospheres, where the temperature is
cool enough for dust to form. For RSGs, however, current dynamic model atmospheres of
RSGs, based on pulsation and convection alone, cannot explain observed extensions of RSG
atmospheres by far. I will present observations obtained with the Very Large Telescope
Interferometer that spatially and spectrally resolve extended atmospheric layers of these
stars aiming at investigating similarities and differences between AGB and RSG stars and
at providing constraints to latest dynamic model atmospheres. These observations include
new imaging observations with the PIONIER instrument in the near-IR H-band and with
the MATISSE instrument in the thermal-IR L, M, and N bands.

MATISSE first pictures of dust and molecules around R Scl

J. Drevon

ESO / UCA / OCA

Carbon-rich dust is known to form in the atmosphere of the semiregular variable star R
Sculptoris. This stardust, as well as the molecules and gaz produced during the lifetime of
the star, will be spread into the Galaxy via the mass-loss process. Probing such a process
is crucial to understand the chemical enrichment of the Galaxy. Using the ESO/VLTI
MATISSE instrument,we locate simultaneously the molecular building blocks of dust
and the dust itself around this bright AGB star" and we produced the first wavelength-
dependent images of the atmosphere between 3 and 10 stellar radii. We also propose an
original technique based on the Hankel Transform to reconstruct monochromatic radial
profiles in the LM- and N-bands. This Hankel reconstruction provides a better dynamic
range than classical image reconstruction for the faint structures around the star, and
reveal the location of molecules and dust in the close environment of the star. This
promising technique is foreseen to be used in the future to get a first view of the global
environment of AGB stars and identify the main structures around them.
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The Great Dimming of Betelgeuse at high angular resolution

M. Montargès

LESIA - Observatoire de Paris PSL

From November 2019 to March 2020, the second closest red supergiant, Betelgeuse
(alpha Ori), experienced the event that we now call its « Great Dimming ». The star
dimmed to a magnitude unobserved for the past 150 years. This event, visible to the naked
eye, attracted worldwide interest. I will present the results of our team that observed
the star before and during the event at high angular resolution with VLT/SPHERE,
VLTI/GRAVITY, and VLTI/MATISSE. These observations give us a unique insight into
the mass loss processes of red supergiants, for which the origin of the outflow remains a
mystery. This unknown prevents predictions of both the characteristics and evolution of
these massive stars. An understanding of these processes is crucial as they determine the
final mass of the star, the shape of the supernova light curve and the mass and nature of
the resultant compact object.

GRAVITY data of post-Red Supergiants: Multiple mass loss events
on timescales of hundreds of years and real time evolution

R. Oudmaijer

University of Leeds

The fate of a massive star during the latest stages of its evolution is highly dependent on
its mass-loss rate and geometry. The geometry of the mass-loss process can be inferred
from the shape of the circumstellar material, having a significant influence on the evolution
of massive stars (25 and 40 Msun), i.e., type II SN progenitors. In this context, yellow
hypergiants (YHGs) offer an excellent opportunity to study mass-loss events. I will present
the analysis of a large set of optical and near-infrared interferometry (GRAVITY/VLTI)
modes of 2 post-Red Supergiants. The objects IRC +10420 and IRAS 17163-3907, the
central star of the Fried Egg Nebula. This talk will cover the first reconstructed images
of IRAS 171633907 around the 2-micron emission tracing milli-arcsecond scales, but also
how our 2D radiative transfer modelling led to the discovery of a third hot inner shell
with a maximum dynamical age of only 30 yr. We find three observed distinct mass-loss
episodes which are characterised by different mass-loss rates and can inform theories of
mass-loss mechanisms, which is a topic still under debate both in theory and observations.
These will be discussed in the context of photospheric pulsations and wind bi-stability
mechanisms. I then go on to show how IRC +10420 has been evolving since our first
VLTI data more than a decade ago.
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Imaging the surface, atmosphere, and innermost circumstellar envi-
ronment of stars – much more complex than thought

K. Ohnaka

Universidad Andres Bello

Improving our understanding of fundamental physical processes in stars – such as con-
vection, pulsation, magnetic fields, mass loss, and binary interaction – is of paramount
importance in a wide range of topics in stellar astrophysics. To tackle these fundamental
problems, it is essential to spatially resolve the surface, atmosphere, and innermost
circumstellar environment of stars. This is now feasible by taking advantage of the
milliarcsecond spatial resolution achieved by optical/infrared interferometry. Detailed
images of the stellar surface and atmosphere allow us to directly test theoretical models
for dynamical atmospheres. By combining the milliarcsecond spatial resolution and high
spectral resolution, we can also witness the gas motion over the surface and atmosphere.
Furthermore, multi-wavelength high spatial resolution observations from the visible to the
infrared to the (sub)mm domain have revealed complex, multicomponent nature of the
stellar atmosphere. In this talk, I will review recent results of the imaging of the surface,
atmosphere, and innermost circumstellar environment of stars.
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Session 4: Exoplanets

Aiding the Search for Exoplanets with Interferometric Images of Stellar
Surfaces

R. Roettenbacher

Yale University

The contribution of a stellar surface to radial velocity measurements can overshadow the
search for Earth-like planets. Even stars as quiet as the Sun have surface features and
motions that can overwhelm the radial velocity of a potentially habitable planet. Efforts
are being made with a variety of techniques to account for these stellar effects. Here,
we describe our novel technique using images of stellar surfaces and contemporaneous
extreme precision radial velocity data. We directly image the details of the spotted
surfaces of Sunlike stars for the first time with interferometry from the MIRC-X beam
combiner at the CHARA Array at Mount Wilson Observatory. These images are used to
model the radial velocity contribution of the stellar surface, which are then compared to
contemporaneous radial velocities from the EXPRES spectrograph on the Lowell Discovery
Telescope at Lowell Observatory. We share our results and future directions.
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Thursday, 28th April

Gaia19bld: Microlensing mass measurement from long baseline inter-
ferometric observations

A. Cassan

Institut d’Astrophysique de Paris

Gravitational microlensing is a powerful technique for measuring the mass of faint or non-
luminous objects in the Milky Way. These include distant exoplanetary systems, isolated
stars and brown dwarfs, as well as stellar remnants, in particular stellar mass black holes.
In most cases, however, additional observations to the photometric light curve are required
to obtain accurate mass measurements. Long-baseline optical/infrared interferometry
provides a new and efficient way to deliver such independent constraints. We present
PIONIER@VLTI interferometric data obtained on Gaia19bld, a microlensing event first
detected by the Science Alerts programme of the Gaia spacecraft, and subsequently
monitored photometrically by several ground-based telescopes. We obtained three epochs
of observations on this event (12, 19 and 21 July 2019), from which we were able
to image, for the first time, stellar gravitational microlensing arcs in rotation. From
interferometric data alone, we could directly measure the angular Einstein ring radius
of the microlens, to an unprecedented accuracy (0.7650± 0.0038 mas), as well as the
relative source-microlens direction of motion (152.6± 0.9◦). Combining interferometric
squared visibilities and closure phases with ground-based photometric light curves led
us to measure the mass of Gaia19bld to the best relative accuracy ever achieved for a
microlensing event (1.147± 0.039M�). We will finish by presenting perspectives of the
technique using instruments sensitive to fainter targets.

On the characterisation of exoplanets with optical interferometry

S. Lacour

LESIA / Observatoire de Paris

This presentation will have three parts. During the first part, I will give a brief technical
overview of the GRAVITY instrument, to explain how it has made possible the observation
of exoplanets with optical interferometry. In a second part, I will present the recent
results of the ExoGRAVITY large program. I will end this talk with the perspectives of
this technique, both in the short and longer term.
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Substellar companions to B stars: exploring the frontier of planet
formation

V. Squicciarini

University of Padova - INAF/OAPD

With a sample of almost 5000 objects at hand, exoplanet demographics is starting to
unveil how the complex process of planet formation has produced the multifaceted hues
of exoplanetary architectures that we see. However, the two most successful detection
techniques, namely like transits and radial velocities, are biased towards old planets orbiting
close to their stars. Complementing them, direct imaging is preferentially sensitive to
young giant planets in wide orbits, offering unique insights into the critical stages of giant
planet formation and early evolution. Here I will present intriguing recent results from
the ongoing B-star Exoplanet Abundance Study (BEAST), the first survey looking for
planets around young B stars (M > 2.4M�), and discuss their impact on our views of
giant planet formation. In the next few years, interferometric follow-up of these system
will crucially enable a better determination of orbital and spectral properties of B stars
companions, paving the way to a complete understanding of how giant planets and brown
dwarfs can come into being under such exotic conditions.

54



Searching for exoplanets in the α Centauri system using GRAVITY

K. Thomson-Paressant

European Southern Observatory

The α Centauri system comprises the two solar-like stars A and B and the red dwarf
Proxima, at a distance of only 1.3 parsec. The discovery of the planets Proxima b,
c and very recently d, have triggered considerable interest. Although no planet has
yet been confirmed around the main components α Cen A and B, they are excellent
candidates to host planets in their habitable zones. My work is focused on a complementary
approach to the direct imaging and radial velocity searches, namely very high precision
differential astrometry with VLTI/GRAVITY through a two-phase approach: i) repeated
measurements of the relative positions of α Cen A and B with a precision of a few dozen
micro-arcseconds to look for the telltale wobbles induced by a planet orbiting somewhere
within the system, ii) followed by the subsequent observations of conjunction events
between the two stars and background sources, where gravitational lensing will provide us
with the exact location of an eventual planet detected in the previous step. Through the
exploitation of the data during phase 1, we encountered a number of complications due
to the nature of the α Cen system that require individual treatment in order to achieve
the desired precision in our results. Many of these challenges result from the proximity
of the target, such as saturation issues due to the brightness of both stars, as well as
fringes appearing in the second and third lobes of their visibility functions due to their
large angular diameter. My contribution will focus on a more theoretical approach to the
project, presenting how the method is expected to work, what results we hope to achieve,
and our latest estimates for the precision of the instrument as a result of the work done
up to now.
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Probing Unique Exoplanet Regimes with Micro-Arcsecond Astrometry
and Precision Closure Phases at CHARA and VLTI

T. Gardner

University of Michigan

Current detection methods struggle to find exoplanets around hot (A/B-type) stars.
Searching for planets in this regime provides crucial information on how planet occurrence
rate scales with stellar mass. We are pushing the astrometric limits of ground-based
optical interferometers to carry out a survey of sub-arcsecond A/B-type binary systems.
We are achieving astrometric precision at the few tens of micro-arcsecond level in short
observations at CHARA/MIRCX and VLTI/GRAVITY. This incredible precision allows us
to probe the au-regime for giant planets orbiting individual stars of the binary system. I
will present the status of our survey, including newly detected tertiary companions. I will
show that we are able to detect the “wobble” of a star from orbiting companions down to
a few Jupiter masses, which allows us to constrain exoplanet demographic models in this
regime. Ground-based optical interferometry can also in principle be used to measure the
orbit-dependent spectra of close-in "hot Jupiter"-type exoplanets with precision closure
phases. Detecting the infrared spectra of such planets allows us to place constraints on
atmosphere circulation models. I will present our attempts to characterize the hot Jupiter
Upsilon Andromedae b using precision closure phases of CHARA/MIRCX, along with
prospects for the future of characterizing close-in exoplanets with this technique.
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Session 5: Galactic Centre / AGNs

The Galactic Center with GRAVITY

F. Widmann

Max Planck Institute for Extraterrestrial Physics

The Galactic Center offers the rare possibility to test general relativity in the so-far
unexplored regime close to the super massive black hole Sgr A*. I will present the main
results from the last four years of interferometric observations in the Galactic Center with
GRAVITY: the detection of effects of General Relativity in the orbit of the star S2, the
constrains on the mass distribution around the supermassive black hole, and the detection
of orbital motion close to the last stable orbit during a flare. The GRAVITY instrument,
which was developed specifically for the observations of the Galactic Center black hole
and its orbiting stars, is routinely achieving 3 milli-arcsecond imaging resolution with
a sensitivity several hundred times better than previous instruments. We demonstrate
this with the detection of new stars around Sgr A*, as faint as 19th magnitude in NIR.
GRAVITYs astrometric precision of few ten micro arcseconds corresponds to only few
Schwarzschild radii of Galactic Center black hole, which opens up the possibility to test
the fundamentals of gravity all the way from the underlying equivalence principles, to
considerations on new physics and their characteristic scales and strengths. I will show
the role of GRAVITY in the observations done so far and the possible observations and
results in the Galactic Center in the near future.
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Imaging of faint stars in the Galactic Center with GRAVITY

A. Drescher

Max Planck Institute for Extraterrestrial Physics

Stars around the supermassive black hole Sgr A* in the Galactic Center are an excellent
probe of its gravitational potential. Their orbits can be measured with unique precision
with the GRAVITY interferometer, whose angular resolution breaks the confusion barrier
for AO assisted imaging with a single telescope. Imaging the field around Sgr A* is
essential to search for faint unknown stars on short orbits that could potentially constrain
the spin of the black hole. With GRAVITY, we observed the central 100 mas around Sgr
A* over a period of four months in 2021. We detect almost a dozen stars, including S2,
S38, S42, S60, S63, as well as the stars S29, S55, S62, and S300, a newly discovered faint
star with a K-band magnitude mK 19.1. In this talk, we will present the methods used
for the image reconstruction, our findings on the gravitational potential, and constrains
on the dark matter distribution around SgrA*.

First Extragalactic Results for the CHARA Array

M. Anderson

The CHARA Array

In a first for CHARA, the Type-1 AGN NGC 4151 is resolved at a baselines of 250 m
with visibilities down to 0.3. Combining with previous measurements from the Keck
Interferometer, a structure is indicated consistent with thin-ring or Gaussian models
oriented perpendicular to the polar axis as defined by the radio jet and optical polarization.
This result is consistent with the evolving view of AGN developed from recent mid-
interferometric observations. Observational techniques required for successful AGN
observations at CHARA as well as prospects for further AGN science at CHARA will be
discussed.
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Spatially resolving the inner parsec of AGN with VLTI/GRAVITY

J. Shangguan

Max Planck Institute for Extraterrestrial Physics

With the unprecedented sensitivity and resolution, VLTI/GRAVITY allows us to resolve
the broad line region and hot dust continuum emission in the active galactic nuclei (AGNs).
In this talk, I will present the recent results based on our ESO Large Programme of AGN
science. We are able to resolve the broad line region of several AGNs on microarcsec scale
since the first detection of 3C 273. We find the BLR size correlates to the AGN luminosity,
overall consistent with results of the reverberation mapping technique. GRAVITY is very
efficient to probe the hot dust continuum emission on milliarcsec scale. This lead to the
first near-infrared image of hot dust emission of NGC 1068, a prototypical type-2 AGN.
Meanwhile, we measure the size of hot dust continuum for a dozen type-1 AGNs, which
double the entire sample of AGNs with interferometric measurements. I will discuss the
comprehensive constraints that GRAVITY is able to provide on the inner parsec structure
and supermassive black hole mass of AGNs. I will end the talk with the prospects of the
ongoing GRAVITY+ project, which will allow us to probe black hole evolution out to the
cosmic noon.

Resolving the dusty heart of NGC 1068 with MATISSE

V. Gámez-Rosas

Leiden Observatory

Mid infrared interferometry gives us the opportunity to study in detail the dusty structures
at the center of Active Galactic Nuclei. MATISSE, at the VLTI, is a second generation
spectro-interferometer that can combine the light of four telescopes at a time, making
possible to use image reconstruction methods to recover the morphology of the dusty
clouds close to the super massive black hole. Thanks to its high spatial resolution
comparable to the highest resolution ALMA observations, and its broad spectral coverage
we can also learn about the mineralogical composition and the physical properties of the
dust. In this talk I will tell you about our recent results on the prototypical Seyfert II NGC
1068. We obtain a map of temperatures and optical depths of the dust that unveil an
optically thick ring obscuring the central engine at parsec scales and a less optically thick
disk extending to at least 10 pc. We find that the cold obscuring dust is mainly formed by
amorphous olivines and carbon grains. We further combine MATISSE observations and
radio observations to define the position of the black hole. We conclude that the dusty
structures that we see play the role of the ‘historical torus’, yet the extended emission
suggests the presence of dusty winds.
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A panchromatic study of a type 1 AGN

J. Leftley

Observatoire Cote D’Azur

Active Galactic Nuclei (AGN) are heavily studied objects that play a significant role in the
development of their host galaxies, yet their central structure is still a matter of debate.
The introduction of long baseline IR interferometry has fueled a paradigm shift in our
understanding of the central dust structure in AGN. It has redefined the classic torus of
the unified model, introduced a dusty wind providing a feedback pathway to the host
galaxy, and shown that AGN are dynamic and complex systems. In this talk, I will present
interferometric observations of a local AGN, ESO323-G77, which has been observed with
MIDI, GRAVITY, and has new observations from MATISSE on the VLTI. I will present
the new results from MATISSE and, along with the previous results from GRAVITY and
MIDI, attempt to present a coherent panchromatic picture of the dust in this object.
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Imaging the Circumnuclear Dust in the Circinus Galaxy with MA-
TISSE

J. Isbell

Max Planck Institute for Astronomy

Active galactic nuclei play a key role in the evolution of galaxies, but their inner workings
remain shrouded in dust and in mystery. Infrared interferometry makes it possible to resolve
the circumnuclear dust in the nearby Seyfert 2, the Circinus Galaxy. Previous observations
with MIDI revealed complex structures and polar dust emission but morphology analysis
was limited to simple models. VLTI/MATISSE allows us to image these structures for
the first time. We observed the Circinus Galaxy with VLTI/MATISSE, producing 150
correlated flux spectra and 100 closure phase spectra. We reconstruct images in the
N-band at ∼10 mas resolution. We fit blackbody functions with dust extinction to several
aperture-extracted fluxes from the images to produce a temperature distribution of the
central dusty structures. We find significant substructure in the circumnuclear dust: a
central unresolved component, a thin disk 1.9 pc in diameter oriented along PA 45°, and
∼ 4× 1.5 pc polar emission extending orthogonal to the disk. The polar emission exhibits
patchiness, which we attribute to clumpy dust. Flux enhancements to the East and West
of the disk are seen for the first time. The temperature profiles of the disk and of the
polar emission differ: the disk shows a steep temperature gradient indicative of denser
material; the polar profile is flatter, indicating clumpiness and/or lower dust density. The
unresolved flux is fitted with a high temperature, 370 K. The polar dust remains warm
(∼200 K) out to 1.5 pc from the disk. The spatially resolved subparsec features imaged
here place new constraints on the physical processes present in active galactic nuclei.
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A complementary view on the torus in the Circinus galaxy from ALMA
interferometry

K. Tristram

European Southern Observatory

AGN play an important role in galaxy evolution, physically linking the supermassive black
hole to its host galaxy. However little is understood about the physics on parsec scales,
where the actual accretion takes place and outflows are launched. These scales are
dominated by the dusty and molecular torus, a key component of AGN. The relevant
scales can only be resolved using interferometers; and high angular resolution observations
with infrared and sub-mm interferometry are revolutionising our understanding of this
region in AGN. I will present the results of recent observations on parsec scales of the
torus in the Circinus galaxy with ALMA. These observations nicely complement new
infrared results obtained with MATISSE at the VLTI (talk by Jacob Isbell) and show that
a muti-wavelength approach is necessary to obtain the full picture of AGN tori. Our
sub-mm continuum data reveals cold (T ∼ 100K) dust in a nuclear disk plus a central
emission peak. In contrast to the warm dust in the mid-infrared, no signs of polar emission
are found with ALMA. We detect the molecular gas tracers CO(3-2), CO(6-5) as well as
HCO+(4-3), HCN(4-3) and CS(7-6). The morphology of the emission lines is similar to
that of the continuum emission, only CO(3-2) shows a deficiency at the nuclear position
instead of a peak. This is because CO is excited to higher transitions and its emission
is self absorbed. On the other hand, the high gas density tracers HCO+, HCN and
CS show a strong, yet unresolved (∼4pc) concentration of the emission at the nucleus,
pointing at a very small “torus”. The kinematics are dominated by rotation and point
at a geometrically thin disk down to the resolution limit of our observations. We hence
find the Circinus nucleus to be composed of at least two distinct components: (1) An
optically thin, warm outflow of ionised gas containing clouds of dust which are responsible
for the polar mid-infrared emission, but which is not seen at submm wavelengths. (2) A
cold molecular and dusty disk, traced by submm continuum and line emission, optically
thick in the infrared. It is the latter which is responsible for the bulk of the obscuration of
the nucleus.
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Session 6: Facilities and Technology

Extreme resolution imaging with the Event Horizon Telescope

M. Wielgus

Max Planck Institute for Radio Astronomy

I will talk about the recent extreme resolution observations of the Event Horizon Telescope,
from event horizon scale imaging of M87 to light-day scale imaging of Centaurus A and
about the perspectives for future improvements in the high frequency very-long-baseline
interferometry.

Current status of VLTI operations and future plans

X. Haubois

European Southern Observatory

After the pause imposed by the pandemic, VLTI resumed science operations and restarted
technical activities aiming to close commissionings of different modes. While the commu-
nity develops projects of visiting instruments, Paranal is getting ready for the changes that
will be brought to the VLTI infrastructure by the GRAVITY+ project. VLTI operations also
evolve, in particular to support imaging programmes, but also towards a more automated
and integrated model. In this context, I will present a review of current capabilities,
ongoing activities and future plans for the VLTI.

The Large Binocular Telescope Interferometer: Status, Upgrades, and
Science

J. Stone

U.S. Naval Research Laboratory

The Large Binocular Telescope on Mt. Graham in Southern Arizona includes two 8.4 m
apertures on a common altitude-azimuth mount. A cryogenic beam combiner connects
the two apertures to enable 1-13 micron nulling and Fizeau interferometry. I will provide a
summary of the interferometer architecture, including a status report on an ongoing fringe
tracker upgrade. Improved fringe tracking sensitivity will enable observations of young stars
and their circumstellar material. I will outline a science program to perform 23-m imaging
of these objects using co-phased masking observations to probe for protoplanets.
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NPOI for the 2020s and Beyond

G. v. Belle

Lowell Observatory

The Navy Precision Optical Interferometer (NPOI) is one of the few major astronomical
interferometer facilities that is currently operational worldwide. We have recently embarked
upon a series a major upgrades and renovations to usher this venerable facility into the
current and next decades. Specifically, implementation and integration of three 1.0-m
telescopes in the array is nearing an operational status. Full adaptive optics systems are
being readied for deployment on those telescopes in mid-2022, concurrent with beam
routing into the array beam feed system. Further infrastructure fixes and improvements
are aimed at remedying significant deferred maintenance, solidifying our operational stance,
and taking the facility into the next decade. These efforts are already starting to bear
fruit: Over the past observing season, upgrades and fixes to our FDL subsystems allowed
us to routinely operate with full six-way beam combination. Additionally, a near-infrared
fringe tracker is undergoing installation at the site and will be commissioned this summer.
From these efforts, along with dozens of additional efforts at NPOI, we are expecting
significant improvements in facility operations and science returns in the coming years.

The Michigan Young STar Imager at CHARA

B. Setterholm

University of Michigan

MYSTIC is a recently commissioned, K-band, six telescope beam combiner and fringe
tracker at CHARA, achieving submilliarcsecond angular resolutions for targets as faint
as Kmag = 7.5. Commissioned on-sky in August 2021, it is already regularly being
used in tandem with current MIRC-X programs. In this talk, we review the design and
installation of MYSTIC, describe its capabilities and potential applications, and preview
early science results. Finally, we discuss imminent upgrades which will provide a high
sensitivity, 4-telescope mode to the instrument.
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Spectral differential imaging with SCExAO/CHARIS kernel phase

A. Chaushev

University of California Irvine

Kernel phase interferometry (KPI) is a data processing technique that treats data from a
conventional telescope as if it were taken with an interferometric array. When the data is
taken in space or with a high-quality AO correction, KPI makes it possible to search for
companions and extended structures such as disks, interior to the classical diffraction limit.
KPI’s achievable contrast is often limited by complex systematics present in the calibrated
kernel phases, motivating the search for improved calibration strategies. We present an
application of KPI to observations taken with the CHARIS Integral Field Spectrograph
instrument mounted on Subaru/SCExAO. Taking advantage of the simultaneous multi-
wavelength observations of CHARIS, we perform a spectral differential imaging (SDI)
calibration of the kernel phases to demonstrate its scientific potential, limiting performance,
and achievable contrast. A key application of the KPI-SDI technique is the search for
accretion signatures from companions-in-formation around young stars. Measuring the
accretion rate of such objects provides important constraints on formation time scales
and informs our understanding of the underlying mechanisms. We discuss both existing
observations and the potential for future CHARIS/KPI-SDI studies of young stars to find
new companions or set new limits on accretion rates.
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Friday, 29th April

Simulation Of Intensity Interferometry For Binary Star System

K. N. Rai

Indian Institute of Science Education and Research, Thiruvananthapuram

The process of star formation has always fascinated astronomers, yet it is still a puzzle.
In our current understanding of the stellar structure and evolution, the study of binary
systems is important as masses can be inferred precisely. In this talk, I shall discuss the
astrometry of binary star systems using Intensity Interferometry (II). Currently undergoing
a revival, II is insensitive to atmospheric turbulence and telescopic optical imperfections.
The main highlights of my talk will be the simultaneous estimation of angular radii of
the stars forming the binary system, their limb-darkening coefficient, and the angular
separation between them. Much of these were already demonstrated through the Narrabri
Stellar Intensity Interferometer around 1970 but were limited by computing techniques and
sufficiently sensitive photon-detection technology. We estimate the SNR levels required
with current technology and that Air Cherenkov telescopes are well suited to the study of
close binaries. Contrary to this, wide binaries like Alpha Centauri, paradoxically, present a
challenge for II because the correlation pattern has a cm-scale structure, and the large
area of the telescope’s aperture will wash out this pattern. In this talk, I shall introduce a
new form of aperture masking on small telescopes to overcome this problem and discuss
the prospects for astrometry to below 10 micro-arcsec in Alpha Centauri, enabling a
search of rocky planets in the habitable zone.
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Intensity Interferometry at Calern and Beyond

N. Matthews

Institut de Physique de Nice

Modern advances in high time resolution detectors and electronics allow for the devel-
opment of an intensity interferometer (II) that can achieve sensitivities in all visible
wavelength bands (U, B, V, R, I) for sources below 8th stellar magnitude. The technique
requires measuring the correlation of starlight intensities, and therefore an II setup can
be readily installed onto existing optical telescope arrays. Specific science topics include
angular diameter and limb-darkening surveys, characterizing rotational flattening of rapidly
rotating stars, probing extended emission line regions, and constraining the wind-luminosity
relation for improved cosmological distance calibration. Here, we present the current
status of the I2C stellar interferometer successfully used with several telescopes at the
Calern plateau, including the two 1m telescopes of the C2PU observatory, a portable 1m
diameter telescope, and also the 1.5m telescope of the MéO laser ranging observatory.
Furthermore, technical tests are scheduled using the I2C instrument with two of the
auxiliary telescopes of the VLTI in March 2022. In this contribution, we will present these
developments, the ongoing campaigns with arrays of small diameter optical telescopes,
and experimental work towards spectral intensity interferometry to enable the full potential
of II observations.
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A 6-input laser-written Discrete Beam Combiner for stellar interfer-
ometry in the J and H-band

A. Dinkelaker

Leibniz-Institut für Astrophysik Potsdam (AIP)

Long baseline interferometry currently achieves the highest resolution images with impor-
tant applications for astronomical question such as planet formation or stellar dynamics.
To combine light from different telescopes, e.g. in a telescope array, astrophotonics can
provide a powerful alternative to free space optics. Here, multiple inputs can be fed into
single-mode waveguides and combined on a cm-scale integrated optics chip. We have
continued development and characterization of a 6-input discrete beam combiner (DBC)
for the astronomical J-and H-band, manufactured using ultrafast laser-inscription (ULI).
In a DBC, light from the input waveguides is evanescently coupled to a 3-dimensional array
of M > N2 waveguides (here: N = 6, M = 41). After calibration of the transfer matrix
using an artificial light source as ideal point source, this device enables the simultaneous
extraction of interferometric visibilities of all baselines. We present laboratory results
using a fully automated 2-input Michelson interferometer for characterization in the J-
and H-band, which show condition numbers on the order of 30. A similar device with 4
inputs has already been tested on-sky. After successful validation, such a 6-input beam
combiner could provide a photonics solution for beam combination at interferometric
arrays such as CHARA.
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Towards broadband nulling and fringe tracking with 3D-photonic
tricouplers on GLINT

M. Martinod

KU Leuven

Nulling interferometry is one of the most promising techniques for imaging exoplanets at
solar system scales as it simultaneously delivers the stringent requirements for contrast
and angular resolution. The Guided-Light Interferometric Nulling Technology (GLINT)
instrument, now commissioned at Subaru telescope behind the SCExAO extreme adaptive
optics system, has delivered significant advances in performance, paving the way for a
science-ready instrument. Results from previous commissioning runs have confirmed
that integrated optics and self-calibration methods yield a robust pathway to detecting
exoplanets below the diffraction limit of the telescope. Furthermore, limitations to current
performance have been identified. The most critical are the compensation of remaining
phase fluctuations and providing achromatic null depth. Specifically, one technology
that offers enormous promise to resolve these issues is the use of tricouplers to perform
simultaneous nulling and fringe tracking or wavefront characterization and correction
without non-common path aberrations. Furthermore, adding a broadband phase-shifter
of pi radians allows fringe tracking around the white-light fringe, making an instrument
for broadband nulling and phase compensation. Based on the previous commissioning, we
present the ongoing developments for a science-ready nuller and its expected performance,
centered on the use of the photonic tricoupler.

GRAVITY+: The GRAVITY-wide and GRAVITY-faint upgrades

M. Horrobin

University of Cologne

The GRAVITY+ project is an ongoing package of upgrades to the GRAVITY instrument
and VLTI infrastructure designed to increase the sensitivity of the overall system and
greatly improve its sky coverage. The project is well underway; the first two upgrades,
GRAVITY-wide and GRAVITY-faint, have already been implemented at Paranal and
are currently undergoing testing and verification to make them available to the wider
community. This talk will present the implementation details of these upgrades, testing
results, and their expected performance.
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Optical aberrations and systematics analysis for astrometry in GRAV-
ITY

G. Bourdarot

Max Planck Institute for Extraterrestrial Physics

The GRAVITY instrument pioneers the field of high-precision near-infrared interferometry
by providing astrometry at the 10-100 µas level on faint objects. This has already resulted
in a vast set of transformational results, from the study of the environment of Sgr A*, to
the characterization of exoplanets (mass and orbits). Nonetheless, these breakthroughs
have not yet reached the ultimate noise limits of interferometric astrometry. In this
context, optical aberrations have been identified as a major contributor of systematics. In
this talk, we will present the analysis of single-field aberrations, which mostly bias the
measurement of binary objects at large separations, and the way to tackle them. In a
second part, we will open the discussion to the origin of aberrations in dual-field mode,
mainly affected by non-common path aberrations and high-order aberrations, and their
current analysis in GRAVITY.
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MATISSE, the VLTI mid-infrared imaging spectro-interferometer

B. Lopez

Observatoire de la Côte d’Azur

MATISSE is the VLTI mid-infrared imaging spectro-interferometer. In this presentation, we
will give an overview of the instrument concept, signal, observing modes and performance
limits. The instrument can operate as a stand alone instrument or in combination with
the GRAVITY fringe tracker. The latter mode, called GRA4MAT, allows to reach better
performance, which will be presented as well. MATISSE has been opened to the community
since mid-2019 and we will illustrate the powerful multi-band imaging capability, yielding
thermal and dust composition maps, with a selection of frontline science results on AGNs,
disks around young stars and stellar physics. The commissioning of the instrument will be
finalized in 2022 in all its modes. MATISSE is thus still being optimized, in particular the
GRA4MAT mode to reach the maximum sensitivity in the high spectral resolution modes
with UTs. Finally, we will mention the technical improvements foreseen in the coming
years, such as the MATISSE-Wide off-axis fringe tracking considered in the context of the
GRAVITY+ project and related VLTI upgrades. Moreover, our team members are working
on a second generation fringe tracking, which will enlarge at least two key science avenues
in the mid-IR recently opened by MATISSE: mid-infrared imaging of a large number of
AGN dust tori and related dust structures and high contrast imaging of time-variable
structures in protoplanetary disks around solar mass young stars. This expansion from the
observations of a few typical targets to a much larger sample of sources of a same family
will lead to two classes of breakthroughs: (1) Imaging of many targets will reveal the
variety of geometries beyond the archetypes, leading to an understanding of the interplay
of the underlying physical processes. (2) Access to statistical analysis of the relations
between the physical parameters describing the sample of sources.
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L-band nulling interferometry at the VLTI with Asgard/Hi-5

D. Defrère

KU Leuven

Hi-5 is the L’-band (3.5-4.0 m) high-contrast imager of Asgard, an instrument suite in
preparation for the visitor focus of the VLTI. The system is optimized for high-contrast
and high-sensitivity imaging within the diffraction limit of a single UT/AT telescope. It is
designed as a double-Bracewell nulling instrument producing spectrally-dispersed (R=20,
400, or 2000) complementary nulling outputs and simultaneous photometric outputs for
self-calibration purposes. In this talk, we present an update of the project with a particular
focus on the overall architecture, opto-mechanical design of the warm and cold optics,
injection system, development of the photonic beam combiner, and nulling self-calibration
strategy. The key science projects are to survey (i) nearby young planetary systems
near the snow line, where most giant planets are expetced to be formed, and (2) nearby
main sequence stars near the habitable zone where exozodiacal dust that may hinder
the detection of Earth-like planets. We present an update of the expected instrumental
performance based on full end-to-end simulations using the new GRAVITY+ specifications
of the VLTI and the latest planet formation models.
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Design and optimization of the ASGARD/Hi-5 injection system into
a mid infrared photonic chip

G. Garreau

KU Leuven

Hi-5 is an ERC-funded project hosted at KU Leuven and a possible visitor instrument for
the VLTI. Its primary goal is to detect and characterize young giant exoplanets close to
the snow line using nulling interferometry in the L’ band, between 3.5 and 4.1 µm, where
the contrast between these exoplanets and their host stars is very advantageous. The
technology breakthrough is the use of a photonic chip based beam combiner, which only
recently allowed the required efficiency and theoretical contrast of 103 in this range. The
VLTI long baseline interferometry enables to reach high angular resolution, while high
contrast detection is achieved using nulling. High-contrast observations requires a high
degree of stability and symmetry between the four pupils of the VLTI, only possible with
precise phase, dispersion and intensity control systems. The instrument is currently in
its design phase. In this work, the warm optics design and the injection system up to
the photonic chip are presented. The injection involves a telecentric setup focusing the
beams into a micro-machined aspheric lens possibly glued to the chip. Several options are
also studied for the fore optics directing the four beams in the telecentric setup. The
injection system is particularly critical for the efficiency of the instrument and a tolerance
analysis is performed to assess the most sensitive degrees of freedom. Some subsystems
are tested in the lab at KU Leuven, in a dedicated optical bench identically reproducing
the four VLTI beams.
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Sensitivity, sky coverage and the impact on the VLTI AGN program
from 1 to 13 µm

R. Petrov

Laboratoire Lagrange, Université Côte d’Azur, Observatoire de la Côte d’Azur, CNRS

We describe a combination of our concept of hierarchical fringe tracking (HFT) with
a very broad band active correction of chromatic OPD and image motion. We show
that such a combination would produce an additional gain in limiting sensitivity on the
VLTI, raising the limiting magnitudes for tracking above K=12 on the ATs and near K=16
on the UTs. In the HFT concept, at the level n the beams are cophased by pairs and
the cophased flux is transmitted to the level n+1 that cophases pairs of pairs. We have
demonstrated in the laboratory the two key features that validate that concept. Our
Integrated Optics HFT chips (i) can cophase pair of beams at the level n+1 whatever the
cophasing status of the levels n and (ii) the n+1 level receives more flux than the levels n
when these are cophased. The performance of the HFT is hence independent from the
number of apertures in the interferometer. A full error budget including anisopistonic
errors, chromatic effects, tracking errors and fringe jumps is used to compute the tracking
limits and the sky-coverage for off axis tracking for observing wavelengths from 1 µm to
13 µm. We discuss the impact on the VLTI AGN program for Super Massive Black Hole
mass measurements, QSOs direct distance estimates and the interaction between AGNs
and host Galaxies.
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Update on the Status and Progress of the Magdalena Ridge Observa-
tory Interferometer

C. Haniff

New Mexico Tech / MRO Interferometer

Amid the global pandemic and a funding hiatus, the Magdalena Ridge Observatory
Interferometer has continued to make progress toward first fringes and a demonstration of
the array’s sensitivity. We have recently signed a new Cooperative Agreement with the Air
Force Research Laboratory (AFRL) in Albuquerque, NM for $30M to fund the facility in
support of Space Domain Awareness investigations. The funding and proposed plans with
AFRL support the program through to the installation of 3 telescopes and their beamlines,
the infrastructure to complete the inner array, the procurement of a reach stacker for
telescope relocation, and the delivery of the first science instrument (FOURIER) and an
upgrade of the fringe tracker instrument (ICoNN) to an eAPD array – all to be completed
by early 2025. Additionally, discussions have started with NSF in response to the 2020
Astrophysics Decadal recommendations that MROI seek future funding for the facility
through research infrastructure funds. The second telescope will arrive at MROI in early
summer and is expected to see first light on the array by fall of this year, at which point
we will be working toward the first fringes demonstrations for the facility. We present our
planned program of work and an update on the status of the facility.
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High spectral resolution interferometry at 1 micrometer with As-
gard/BIFROST: Science drivers and instrument design

S. Kraus

University of Exeter

We present science cases and instrument design considerations for the short-wavelength
(Y/J/H-band), high spectral dispersion (R=25,000) instrument BIFROST that we propose
as part of the ""Asgard"" Suite of VLTI visitor instruments. The instrument will unlock
powerful venues for studying accretion mass-loss processes at the early/late stages of
stellar evolution and for detecting accreting protoplanets around young stars. In the
area of fundamental stellar astrophysics, we propose a legacy survey on up to ∼6000
GAIA binaries that will increase the number of systems with precision dynamical masses
and ages by factor 10, compared to all earlier surveys taken together. The resulting
high-precision dynamical mass and age constraints will open opportunities for improving
stellar evolutionary models (in particular for rare stellar populations, such as high mass
stars or extremely metal-poor stars) and for Galactic Archaeology. This survey will provide
comprehensive orbital parameter statistics as well as spin-spin and spin-orbit alignment
constraints that will result in powerful new diagnostics for binary formation theory. In
conjuncture with infrastructure improvements on the VLTI unit telescopes, the instrument
will also enable off-axis spectroscopy of exoplanets in the 0.1-2” separation range, enabling
high-SNR, high spectral resolution follow-up of exoplanets detected with ELT/JWST.
We discuss technical implementations, including on fringe tracking and fast laboratory
low-order adaptive optics. We outline a pathway for implementation and stress possible
synergies with other instruments in the proposed ASGARD suite of instruments.
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The MIRC-X 6-telescope imager at CHARA: Performance, science,
and future development program

S. Kraus

University of Exeter

MIRC-X is the J+H-band beam combination instrument at the CHARA array, enabling
6-telescope interferometric imaging on object classes that have been out of reach for
milliarcsecond-resolution imaging. We review the instrument performance as well as recent
science highlights obtained with MIRC-X. We will discuss results in non-standard modes,
such as the 4-telescope J+H dual-band mode and the high-spectral resolution grism
mode for observations in spectral lines. Furthermore, we will review the major instrument
improvements that are planned for 2022, including the implementation of a filterwheel for
simplified change of the spectral mode, and better-equalised fibres and new collimator
lenses for optimised 6-telescope J+H dual-band operation. There are also efforts for
implementing a dedicated SPICA fringe-tracker using existing MIRC-X components and
we will outline our work for implementing separate beam-injection modules and pickoff
mirrors to enable a fast and robust switch between the MIRC-X and SPICA-FT observing
modes.

Towards the first light of CHARA/SPICA

D. Mourard

OCA

During the first months of 2022, the new 6T visible combiner for the CHARA Array
(SPICA = Stellar Parameters and Images with a Cophased Array) has been integrated.
It is made of three modules included in the CHARA infrastructure (Visible Longitudinal
Dispersion Compensators, Visible Fold Mirrors for the 6T simulator (STS), and a 6-
beam periscope). The visible instrument is composed by an injection table for the single
mode fibers, and a visible spectrograph offering three levels of spectral resolution. This
visible instrument is completed by a 6T ABCD H-band beam combiner in integrated
optics installed inside the MIRCx spectrograph. SPICA is mainly designed for realizing
a large survey of stellar parameters (ERC Adv grant Interferometric Survey of Stellar
Parameters) but will also be offered to the community for different scientific programs.
In this presentation, I will detail the different main features of the instrument, its status
after the first light expected in March 2022, and the main science programs that we are
considering in the coming years.
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News from the CHARA Array

D. Gies

Georgia State University

Whether or not planet formation is possible at the end of stellar evolution, these disks
enable us to test planet formation processes in a parameter space that is unmet around
young stars (e.g., short disk lifetime, high stellar luminosity) and further constrain planet
formation processes.

An update on the status and health of the CHARA Array telescopes

N. Scott

The CHARA Array

The CHARA Array telescope drives are over 25 years old and have several issues made
worse through aging. The proposal to replace and upgrade these drives was successfully
funded and here will be provided an explanation of the project. This includes the mechanical
design, changes from the current design, and advantages of the new drives. An estimated
timeline of the upcoming replacements and impact it will have on observations will be
shared. Further hardware changes to the Array, including inside the lab and future plans
may be discussed.

Update on the Adaptive Optics Program at CHARA

M. Anderson

The CHARA Array

The current status of the adaptive optics program at CHARA will be discussed. Including
deployment, repair, and performance of the telescope wavefront sensors and deformable
mirrors.
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CHARA Remote Operations and Data Access

J. Jones

The CHARA Array / GSU

I will provide updates on remote operations and data access at CHARA. This includes
remote observing, remote data reduction, and the CHARA online database portal. The
remote observing system has allowed the CHARA Array to continue operations throughout
the COVID-19 pandemic and continues to function well. The remote data reduction
machine is an important way for the community to be able to interface with CHARA
data without the need to download and install software locally, and without the need
to transfer large raw data files. The beta version of the CHARA online database portal
is online and accessible, and allows users to easily browse what data are in the Atlanta
archive.

Current Progress on the CHARA Michelson Array Pathfinder

R. Ligon

The CHARA Array

Much research has been done to show the possibilities of using long transport fibers in
optical interferometry. The CHARA Michelson Array Pathfinder will extend the spatial
coverage of the CHARA Array by adding a mobile 1-meter telescope connected by optical
fibers as well as adding fiber transport capability to the current telescopes. Progress on
the project will be presented.
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Ultrafast laser inscription of integrated optics prototype 2-telescope
beam combiner for K-band interferometry at the CHARA array

A. Benoit

Heriot-Watt University

Astrophotonic devices are powerful components for next-generation astronomical instru-
mentation, including high-resolution fiber-fed spectrographs or integrated echelle gratings.
One of the most ubiquitous achievements are integrated optics (IO) beam combiners
for optical interferometry, which are a unique asset for long baseline multiple telescope
arrays. These photonic beam combiners have established their functionality and reliability,
and provide advantages over their free-space counterparts for increasing numbers of
interferometric baselines. Recent instruments such as GRAVITY or PIONIER on the VLTI
have included such beam combiners and provided impressive scientific results. However,
existing beam combiner technologies still face significant hurdles regarding, e.g. available
target wavelengths or the further increase of telescope inputs. In this context, the
feasibility of ultrafast laser inscription (ULI) as a beam combiner fabrication technique has
been demonstrated by means of laboratory as well as on-sky tests, where 2D IO beam
combiners in H-, L- and M-band have been designed and manufactured. We propose to
investigate the ULI fabrication capabilities for applications in K-band interferometry. We
have fabricated a 2-telescope beam combiner, composed of three asymmetric directional
couplers: a 3 dB for interferometry measurements and two photometric taps with a
splitting ratio of 75:25. The design and characterization results will be presented at this
conference.
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Angular Diameters of Stars with Dynamical Masses

B. Flores

Georgia State University

We present uniform disk diameters measured by the Center for High Angular Resolution
Astronomy (CHARA) Array for stars in 4 nearby binary systems (GJ 105.6 AB, GJ 702
AB, GJ 848 AB, and GJ 860 AB) that have dynamical masses. For three of these
systems, only the primary was bright enough to be resolved and measured, but their
companions should be possible with the expected expansion of CHARA. For GJ 702 AB,
both components were resolvable and measured. These initial results are the first in a
growing sample targeting nearby stars within 25 pc with dynamical masses spanning from
mid-F to mid-M spectral types. By combining our measured diameters from CHARA and
known masses, we aim to test and constrain stellar evolution models that impact our
knowledge of stellar properties of more distant stars and stars with known planets.

Quantifying Variations in Red Supergiant Surface Features using
Interferometric Image Reconstructions

D. Frothingham

New Mexico Tech

In optical interferometry the image must be reconstructed from the sparse data. Since
there are many regularization parameters that can be used, it is important to quantify the
results. Previous studies, such as Gomes et al. (2017), Renard et al. (2011), and others
have quantified the differences between different regularization terms. However these
studies do not focus on individual surface features or the repeatability of observations on
the same target night to night. Long term analysis of surface features on red supergiants
(RSGs) requires a method to identify surface features and analyze the differences between
observations at different epochs. In particular the convection zones of RSGs can provide
insights into the evolution of RSGs (Norris et al 2021). We are working to extend previous
works by isolating and analyzing specific surface features and applying metrics to track
night to night changes in the surfaces of RSGs. We have implemented a surface feature
detection algorithm based on intensity thresholding to provide a consistent detection of
the convection zones of RSGs.
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High-pecision masses and distances of stars

A. Gallenne

Universidad de Concepcion

Our knowledge of stellar evolution relies on constraints provided by measurements of
the physical stellar properties such that the mass, effective temperature and radii. The
most fundamental parameter, the stellar mass, is rarely available or has a low accuracy,
providing poor constraints on the stellar structure and evolution. The comparison of
theoretical models with different input physics, chemical composition, ..., cannot be
strongly constrained with masses with >5% uncertainty. To be able to reject stellar models
with inadequate physics, we need masses with <1% accuracy level. Such measurements
can only be obtained observing binary stars and combining spectroscopic and astrometric
observations. Our previous works using interferometry with VLTI/PIONIER already
provided masses accurate to 0.05% and distances accurate to 0.4%. The high accuracy
of these orbital parallaxes also provides a unique opportunity to check on the future
Gaia measurements for possible systematic errors. This project is now executed with
VLTI/GRAVITY which will allow a distance accuracy <0.2%. I will present here our
results obtained with PIONIER and the preliminary orbits from the ongoing GRAVITY
program.
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Extended atmosphere modellization for Red Supergiants: First results
for the VLTI

G. González-Torà

European Southern Observatory

Red supergiants (RSGs) are evolved massive stars in a stage preceding core-collapse
supernova. Understanding evolved-phases of these cool stars is key to understanding the
cosmic matter cycle of our Universe, since they enrich the cosmos with newly formed
elements. However, the physical processes that trigger mass loss in their atmospheres are
still not fully understood, and remain one of the key questions in stellar astrophysics. In this
talk, we propose a new semi-empirical model that can reproduce the extended atmosphere
profile up to several stellar radii, being the first model that shows this extension up to date
without the need of stellar dust. We compute the intensities, spectral energy distributions
(SED) and visibilities, matching the observations for the different instruments in the Very
Large Telescope Interferometer (VLTI). Specifically, I will discuss the robustness of our
results when comparing with the atmospheric structure of a previous published sample of
VLTI data for RSGs. We find that our model can match these observations of extended
molecular atmospheres, showing the enormous potential of this methodology to reproduce
extended atmospheres of RSGs.
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A deep multi-wavelength study of Cygnus OB2

S. Gupta

IISER Tirupati, India

Star formation is among the most intricate processes building the Universe and deep
comprehensive studies of its low mass regime in varying cluster environments are crucial
to understand the effect of environmental factors on related processes like circumstellar
disk evolution and its properties, planet and brown dwarf formation and fundamental
parameters like IMF. Cygnus OB2, at 1.6 kpc from the Sun and with 200 OB-stars
hosts extreme environmental conditions and hence, is an ideal laboratory to explore
the effect of stellar feedback on surrounding young low mass population. We use the
deepest and the widest optical photometry obtained with 8m Subaru Hyper Suprime-Cam
(HSC) (doi:10.1093/mnras/stab2751), near-IR (UKIDSS), mid-IR (Spitzer) to perform a
rigorous multi-wavelength study of a 1.5 deg diameter region centred at Cygnus OB2.
We perform the pre-main sequence membership analysis, estimate physical parameters of
the sources and thus, obtain the IMF in the cluster down to the substellar limit owing
to the high sensitivity of our data set. We obtain a significant census of disk-bearing
and diskless objects and perform a statistical interpretation on the role of various factors
like age, mass, incident UV radiation, stellar density on disk evolution in the region and
compare the disk properties with other nearby star forming regions of diverse properties
in terms of density and UV radiation strength. Since, most of such past studies have
either been restricted to nearby clusters or limited by sensitivity of the data, this work
is a pioneering step towards understanding the role of several external factors on young
low mass stellar population in a massive Galactic star forming region outside the solar
neighborhood.
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MKIDS as detectors in interferometry

M. Horrobin

University of Cologne

MKIDs (Microwave Kinetic Inductance Detector) are photon counting, energy detecting,
superconducting detectors that are free of both the read noise and dark current common
in the current generation of semiconductor-based detectors. MKIDS also have no cut-off
wavelength in sensitivity, and so a single detector can be used across a wide wavelength
range in the optical and near-IR. These characteristics make them an ideal detector for
next- generation interferometric instruments, improving the sensitivity and efficiency of
observations, and allowing for a paradigm shift in the way that interferometric observations
are performed and analysed. This poster gives an overview of these benefits, and highlights
some of the science cases that would be enabled by their use.

Nearly coplanar orbits in the high-mass triple star system Herschel 36
resolved with the VLTI

C. Hummel

European Southern Observatory

We report interferometric observations of the (O9.5+B0.7)+O7.5 hierarchical system
Herschel 36 which resolved the wide pair and allowed us to determine its orbital elements.
Together with the elements of the spectroscopic orbits published by Campillay et al.
(2019), we were able to constrain the orbital inclination of the close pair, and found it to
be tilted by 22.4 +/- 6.9 degrees relative to the wide orbit. We discuss these results in
the context of current star formation theories, in particular those related to high-mass
stellar systems.
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A gap at 1 au in the disk of DI Cha A revealed by infrared interferom-
etry

T. Juhász

Konkoly Observatory

DI Cha A is K0-type pre-main sequence star, the brightest component of a quadruple
stellar system. We prepared a detailed study of this star based on archival VLTI/MIDI
and VLTI/PIONIER infrared interferometric observations, as well as optical-infrared pho-
tometric monitoring from ground-based and space-born instruments. We determined the
structure of the circumstellar disk by fitting simultaneously the interferometric visibilities
and the spectral energy distribution, using both analytical models and the radiative transfer
code RADMC-3D. The modeling revealed that the radial density distribution of the disk
appears to have a gap between 0.21 and 3.0 au. The inner ring, whose inner size coincides
with the sublimation radius, is devoid of small, submicrometer-sized dust grains. The inner
edge of the outer disk features a puffed-up rim, typically seen in intermediate-mass stars.
Grain growth, although less progressed, was also detected in the outer disk. The inner
ring is variable at mid-infrared wavelengths on both daily and annual timescales, while the
star stays remarkably constant in the optical, pointing to geometrical or accretion changes
in the disk as possible explanation for the flux variations. Research on open issues in this
regard is still ongoing, based on our new generation measurements of VLTI/MATISSE.
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Measurements of Stellar Diameters using the VERITAS Stellar Inten-
sity Interferometer

D. Kieda

University of Utah

The VERITAS Imaging Air Cherenkov Telescope array (IACT) was augmented in 2019
with high-speed focal plane electronics to create a new Stellar Intensity Interferometry
(SII) observational capability (VERITAS-SII, or VSII). VSII operates during bright moon
periods when gamma-ray observations are not performed, thereby providing high angular
resolution observations ( ∼ 1 mas) at B photometric wavelengths using idle telescope time.
Using this initial capability, VSII demonstrated the ability to measure the diameters of two
B stars at 417 nm (Beta CMa and Epsilon Ori) with ∼ 5% accuracy using relatively short
(5 hours) exposures [Abeysekara et al., Nature Astronomy 2020]. The VSII observatory is
currently in the process of completing a Norther Hemisphere survey of Stellar Diameters.
From 12/2019-1/2022, VSII observations included 410 hours of exposure on 41 different
targets, including 23 single stars and 18 binary/multiple stars. These targets include a
range of spectral classifications and magnitudes. In this talk, I will describe the recent
measurements of stellar diameters using the VSII observatory and the status of the
VSII Northern Hemisphere survey. I also will describe ongoing improvements to the
VSII observatory which will allow VSII to reach ∼ 1% stellar diameter accuracy. This
increased sensitivity is projected to expand the number of measurable stellar diameters by
a factor of 20. The net result will be a substantial increase in the number and quality
of measured stellar diameters. The improved VSII sensitivity will enable the creation of
expanded observational surveys of stellar limb darkening, fast rotators, Cepheid variables,
and binary/multiple star systems with short orbital periods (∼ 20 days).
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GRAVITY Astrometry of the Young Triple Star TWA5

R. Koehler

The CHARA Array

The VLTI instrument GRAVITY was designed to measure not only visibilities, but also
astrometry with micro-arcsecond precision. This opens new possibilities for orbit and mass
determinations of young multiple stars. One special application are triple systems, where
we can determine the separation, position angle, and flux ratio of the inner binary from
its visibilities, while simultaneously measuring its position relative to the third component.
This way, we can determine the individual orbits and masses of the binary components, not
just the sum of their masses. The method was used for the first time in our observations of
the young triple star TWA5. The data reduction is still experimental since the astrometric
mode is only partially supported by the ESO pipeline. We describe our approach to reduce
the data and present first results of this project.
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Design of the new CHARA instrument SILMARIL: pushing for the
sensitivity of a 3-beam combiner in the H- and K-band

C. Lanthermann

The CHARA Array

Optical interferometry is a powerful technique allowing high angular resolution. However,
its main issue is its lack of sensitivity, compared to other observation techniques. Efforts
have been made in the previous decade to improve the sensitivity of optical interferometry,
with instruments such as PIONIER and GRAVITY at VLTI, or MIRC-X and MYSTIC
at CHARA. While those instruments pushed on sensitivity, their design focus was not
the sensitivity but relative astrometric accuracy, imaging capability, or spectral resolution.
Our goal is to build an instrument specifically designed to optimize for sensitivity. This
meant focusing our design efforts on different parts of the instrument and investigating
new technologies and techniques. First, we make use of the low noise C-RED one camera
using e-APD technology, already used in the improvement of sensitivity in recent new
instruments. We forego the use of single-mode fibers but still favor an image plane design
that offers more sensitivity than a pupil plan layout. We also use a minimum number of
optical elements to maximize the throughput of the design, using a long focal cylindrical
mirror. We chose to limit our design to 3 beams, to have the capability to obtain closure
phases, but not dilute the incoming flux in more beam combinations. We also use in our
design an edge filter to have the capability to observe H- and K-band at the same time.
We use a low spectral resolution, allowing for group delay fringe tracking but maximizing
the SNR of the fringes for each spectral channel. All these elements will lead to a limit
magnitude between 10 and 11 in both H- and K-band.
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The ALOHA CHARA long path fiber link: successful interferometric
tests at 808nm with servo controlled optical fiber length

J. Magri

Xlim

In the framework of the ALOHA project, we develop a fiber linked version of the CHARA
Array. A set of two 240m fibers have been laid between S1 and S2 telescopes, and
the CHARA Array beam combination lab. During the last week of March 2022, we
demonstrated the stabilization of the fiber link with a few tens of nm accuracy and
detected fringes on Vega at 808 nm with a 4 nm bandwidth. These experimental results
demonstrate for the first time the operation of an outdoor hectometric servo controlled
fiber link for telescope array. It is a milestone for the future kilometric fiber linked
CHARA Array, and for the ALOHA CHARA interferometer in the L band using frequency
conversion.

PMOIRED: flexible modeling tool for OIFTS data

A. Mérand

European Southern Observatory

I present PMOIRED: a user friendly and flexible tool to model OIFITS data using sim-
ple geometrical models which can be combined using a simple syntax. Special care is
given to fitting (least square, grid search, bootstrapping, ...) and spectral modeling
(inc. spectral fitting, telluric corrections, differential phase computation, ...). This
can be achieved in a few high level command lines and computation is fast: thou-
sands of visibility points are modeled in tens of milliseconds, and fit usually takes a
few minutes of less, allowing to effectively interact with data. The code is available at
https://github.com/amerand/PMOIRED and is provided with examples.
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Stars lensed by the Supermassive Black Hole in the center of the
Milky Way: predictions for future high-resolution instruments

M. Michałowski

Astronomical Observatory Institute, Adam Mickiewicz University, Poznań, Poland

Gravitational lensing is an important prediction of general relativity, providing both its
test and a tool to detect faint but amplified sources and to measure masses of lenses.
For some applications (e.g., testing the theory), a point-like source lensed by a point-like
lens would be more advantageous. However, until now only one gravitationally lensed star
has been resolved. Future telescopes will resolve very small lensing signatures for stars
orbiting the supermassive black hole (SMBH) in the center of the Milky Way. The lensing
signatures, however, should be easier to detect for background stars. I will show the
prediction that the Extremely Large Telescope (ELT), Thirty Meter Telescope (TMT),
and Giant Magellan Telescope (GMT) will resolve the lensed images of around 100 stars
in the background of the SMBH. The James Webb Space Telescope (JWST) will likely be
limited by the confusion caused by stars near the Galactic center. I will also describe what
observational characteristics are needed to achieve this (resolution and depth). Finally, I
will discuss other observational signatures of lensed stars, which could be searched for
with high-resolution infrared instruments.

Formation Flying Space Interferometry with SmallSats

J. Monnier

University of Michigan

The cost to access space has been dramatically reduced in the past Decade while at the
same time smallSat/cubeSat platforms have matured and become increasingly reliable.
We are developing a space interferometry mission using cubeSats that could demonstrate
precision formation flying at a fraction of the cost considered during the TPFI/Darwin
design phase in the 2000s. Potential science goals would be <100 micro-arcsecond angular
resolution diameters of young stars and close binaries in the blue using kilometric baselines
and a nulling interferometer demonstration ahead of a large-class mission such as the
Large Interferometer for Exoplanets (LIFE). We will give an update of our activities at the
University of Michigan, including our plans to heavy-lift drones as a platform for testing
formation flying architectures.
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Short-term variations in a Red-”SU Per”-giant

R. Norris

New Mexico Tech

Photometric variability, interferometric imaging, and 3D radiative hydrodynamics (RHD)
models all point to the presence of large, long lived convection cells in red supergiants
(RSGs). Interest in these features has risen of late due to the possible role of convection
(in combination with pulsation) in elevating gas in these stars, contributing to episodic
mass-loss and photometric variability such as that observed recently in Betelgeuse. Theory
suggests that in addition to these larger, long-lived features, there should also be small,
more short-lived features (akin to granulation in smaller stars) on these stars. Here, we
present results from a multi-year, short-term imaging study of an RSG, SU Per. We
present new parameter determinations of this object, and present images spanning both
years and months. We also discuss the relationship between the short-term and long-term
variations these images suggest.
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A sub-au study of CI Tau’s disk with VLTI/GRAVITY: The key to
connect stellar magnetosphere, disks and planets

A. Soulain

IPAG

CI Tau is so far the only pre-main sequence star still accreting from its surrounding
disk, a classical T Tauri star, claimed to host a hot Jupiter planet (Johns-Krull et al.
2016). The existence of CI Tau b is disputed, however, and the periodic radial velocity
variation could result from magnetospheric accretion onto the star rather than from an
orbiting body (Donati et al. 2020). CI Tau is also famous for its large scale, multi-ringed
protoplanetary disk, as recently observed with ALMA (Clarke et al. 2018). The observed
dust gaps provide indirect evidence for additional planetary components. The critical
aspect of CI Tau comes from its stellar activity, exhibiting an intense magnetic field (3.7
kG from Donati et al. 2020) which can be linked to an extensive magnetospheric activity
with an accretion rate of Ṁ = 10−7.6M�/yr (Donati et al. 2020). We aim to connect
these phenomena and scales to get an exhaustive understanding of the planet formation
process in this system. Method: During the last 3 years, high-resolution spectroscopy
and sub-mm imaging gave a good overview of the stellar activity and the outer regions of
CI Tau, respectively, but imaging was still limited by angular resolution. We overcome
this limitation using the optical long-baseline interferometry technique, the only way to
probe the inner region of the system at sub-au scales. With VLTI/GRAVITY, we are
sensitive to both the emitting dusty part of the inner disk rim (K-band continuum), and the
accreting magnetosphere probed by the Br emission line. In parallel, we complement our
GRAVITY dataset with the high spectral resolution capability of the SPIROU spectrograph
to constrain the stellar contribution in the K-band from the measurement of infrared
veiling. Results: In the continuum, we characterise the disk’s inner rim, which we find
to be strongly misaligned with the outer disk, both in inclination and position angle. We
report an internal rim location at 0.17± 0.02 au, significantly larger than the theoretical
sublimation radius of 0.03-0.06 au. Such a difference could reflect the presence of a planet
carving the inner part of the disk, as recently supported by hydrodynamical simulation
(Muley et Dong 2021). The non-zero closure phases measured by GRAVITY suggest an
important asymmetry in the disk brightness profile, with the southwest side appearing
brighter than the northeast one. We then compare the interferometric results using a
radiative transfer model of the inner disk rim computed with RADMC3d. The observed
asymmetry can therefore be explained by an inclined disk seen from the bottom. In the Br
line, we fit the pure line visibility using a 2d Gaussian model to estimate magnetosphere
size. Our model suggests a compact emitting region with a radius of 0.04 ± 0.01 au,
i.e., 4 times smaller than the continuum emission from the inner disk rim. Radiative
transfer models of accreting magnetospheres (Tessore et al., in prep) support these results.
Conclusion: With GRAVITY, we characterise the inner disk of CI Tau with a sub-au
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precision, allowing a direct comparison with the system’s characteristic scales, such as
the sublimation, co-rotation, and magnetic truncation radii. The existence of a larger
than expected central cavity could be an observational signature of the putative 11.6
Mj close-in planet (CI Tau b). The significant misalignment between inner and outer
disks is a challenge for the dynamical modelling efforts and should be carefully addressed
in the future. Remarkably, the Br emission appears to arise from a compact region
within the inner disk rim and may predominantly originate from an accreting, powerful
magnetosphere.

High Resolution Radio and Infrared Surveys of Southern HII Regions

C. Tremblay

SETI Institute

Atomic ionized (HII) regions with strong radio continuum emission are often associated
with regions of high-mass star formation and high-resolution surveys across multiple
wavelengths are important to build our understanding of its evolutionary phases. Recently
we published results on 10 such regions covering 400 square degrees in the Southern
Hemisphere, including a detailed study of RCW 38, using a range of survey data. By
combining survey data from the Rapid ASKAP Survey, Herschel 165um public catalogues,
optical Halpha data and a number of other publicly available catalogues, we were able to
provide detailed information about which clouds are interacting, their ages, whether they
are dominated by infrared or optical H lines, distances, ionising photon flux, and upper
limits on the infrared luminosity. In this talk, I will present our results from this survey
and where upcoming surveys will significantly improve the information we can obtain.
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Simulating dust emission from luminous cool giant stars

J. Wiegert

Uppsala University

With high angular resolution observations in the optical and infrared wavelength regimes it
is now possible to directly probe small spatial scales (< AU) of circumstellar environments
(CSEs). Luminous cool giant stars (asymptotic red giant branch and red super giants) are
known to produce important chemical elements (e.g. carbon) which are then transported
to the interstellar medium (ISM) by stellar winds, driven by dust that starts forming at a
few stellar radii above the star’s surface. This enriches the ISM with fresh material required
for the formation of new generations of stars and planets. The EXWINGS-project uses
advanced radiation-hydrodynamical (RHD) simulations with CO5BOLD (in 3D, Freytag
Höfner, in prep.) and DARWIN (1D) to model the interior of giant stars, outflow of gas,
and formation of dust. We aim to produce synthetic observables by translating our RHD
simulation results to input data for 3D radiative transfer simulations with RADMC-3D.
This way we will study the effects on observations from clumpiness, porosity and other
non-spherical morphologies in CSEs. We will also be able to create time dependent
synthetic observations, which adds an important dimension to the study of dynamical
processes.
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Luna van Haastere Leiden University Online
Jozsef Varga Leiden Observatory In-person
Idel Waisberg Weizmann Institute of Science In-person
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Felix Widmann
Max-Planck-Institut für
extraterrestrische Physik

Online

Joachim Wiegert Uppsala University In-person

Maciek Wielgus
Max Planck Institute for Radio

Astronomy
In-person

Markus Wittkowski ESO Online
Alexander Wojtczak University of Cologne In-person
Sebastian Wolf Kiel University Online
Peter Wysocki Georgia State University Online
John Young University of Cambridge In-person

Sebastian Zarrilli University of Exeter In-person
Zhaohuan Zhu University of Nevada Online

Sebastián
Zúñiga-

Fernández
ExoTIC Lab - University of Liege In-person
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Useful Information

COVID-19 Safety

COVID is still with us and attending a moderate sized in-person gathering naturally carries
a risk of exposure. Therefore we have guidelines in place to minimise the risk and keep all
participants safe:

During registration on the first day you will be asked to provide proof of vaccination
or proof of a recent negative COVID test. If you are unable to provide either of
these you will be asked to take a lateral flow (we will be able to provide a limited
number of tests free of charge). Regardless of your vaccination status we encourage
you to take a COVID test before arrival at the conference to keep your colleagues
safe.

We strongly advise you to wear a face mask at all times while indoors when not
eating, drinking or giving a talk. Signs will be posted around the lecture theatres
reminding attendees.

The detailed guidelines were outlined on the ticket store: "We strongly advise all in-person
participants have proof of their Covid Vaccination status or proof of a negative lateral
flow test/ PCR test result on the day, to show, before attending the programme. Please
note there will be lateral flow tests available on the day for any attendees that have
forgotten their vaccination status or negative test results. To attend the event you should
take a lateral Flow test on the day that returns a negative result. Do not attend the
event if your test returns positive. Accepted COVID-19 vaccines are all vaccines listed
for emergency use by the World Health Organisation (WHO), which include Janssen/JJ,
Pfizer-BioNTech, Moderna, AstraZeneca, Covaxin, Covishield, BIBP/Sinopharm, Sinovac,
and Novavax/Covovax. Please also read advise on mask wearing when indoors and
attending the conference."

The lecture theatre we have booked is significantly larger than necessary to ensure social
distancing can be observed. There will be nine seats free for every occupied seat.
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How to get to Exeter University?

The University of Exeter comprises several campuses throughout Devon and Cornwall.
The conference will be hosted at the main and largest campus, Streatham. This is easily
accessible:

• By Train: Exeter has two railway stations – Exeter St David’s (main station) and
Central. Exeter St David’s Station is approximately 10 minutes walk from the
Streatham Campus and taxis are available. The average journey time from London
Paddington is 2 hours 30 minutes to Exeter.

• By Bus: The Streatham Campus is served by the ‘UNI’ route. This route includes
Digby, St Luke’s Campus, the City Centre and Streatham Campus. National Express
coaches (+44 8705 808080) call at Exeter Coach Station. The Coach Station is a
short walk to the High Street where you can catch the local ‘UNI’ bus which will
take you to the Streatham Campus.

• By Car: The M4/M5 links Exeter directly to London, the Midlands, South Wales
and the North including Scotland. The average journey time from either London or
the Midlands is 3 hours. Download our detailed directions to Streatham Campus by
car. Please note that parking on the Streatham Campus is very limited.

Streatham Campus Map

Talks will be held at the Alumni Auditorium. It is situated on the first floor of the
Forum (number 3 on the map on page 103). Coffee breaks and lunches will be offered
in the area of the Forum outside the auditorium. The poster sessions will be held on the
ground floor of the Forum. Wi-Fi will be available during the conference. The University
also provides access to the eduroam network. The conference dinner will be held at
Reed Hall (number 14 on the map).
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Lunch options on-campus

There are several food outlets providing take-away hot and cold food situated in the
Forum (building 3 on the campus map on page 103), and there is a cafeteria on the top
floor. The Business School’s “Building: One” hosts the “La Touche” cafeteria serving hot
and cold food (building 84 on the campus map). The Newman building (building 17)
hosts a café serving hot and cold sandwiches. The Innovation Centre (building 25) hosts
its own café serving hot and cold sandwiches.

Forum (#3)

La Touche (#84)On-campus lunch op.ons

Comida (#2) Grove Diner (#32)

Northco9 Theatre Café (#13)
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U 
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E 
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Restaurant options in Exeter downtown

Please see the map above for restaurant recommendations.
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