
Astronomical Instrumentation & Atmospheric Optics)

XARA - eXtreme Angular Resolution Astronomy

SUMMARY: The angular resolution of astronomical observations is ul-
timately constrained or assisted by the phenomenon of di�raction, pri-
marily driven by the size and shape of the instruments used to carry
out these observations. Careful attention to details makes it possible to
produce high-quality measurements that lead to insights into angular
sizes smaller than this di�raction limit, a capacity sometimes refered to
as super-resolution.

OBJECTIVES

• Students taking this XARA ME-
TEOR will become competent
in simulating and interpreting
di�raction dominated images
produced by large ground based
telescopes and interferometers.
They will use and contribute to
the development of versatile nu-
merical tools written in python.
They will gain insights into the
processes that a�ect observations
and measurements in all astro-
physics and become understand
most of the journal papers using
data acquired by interferome-
ters. They will also be exposed
to experimental work with the
KERNEL test-bench.

• Students will learn the funda-
mental coherence properties of
starlight, use the equations of
Fourier optics to describe and
model di�raction, and how to ex-
ploit these equations in the con-
text of discrete numerical simula-
tions. They will also learn to ap-
ply the Van Cittert Zernike the-
orem to describe a wide variety
of astrophysical sources and see
how to exploit this to go from raw
interferometric observables back

to properties of targets.

PREREQUISITES

General Astrophysics, Fourier op-
tics, Signal/image processing.

THEORY

by Frantz Martinache

This module will introduce you to
the magical world of high-angular reso-
lution astronomical observations: a spe-
cial use case of instrumentation produc-
ing data whose general allure is domi-
nated by di�raction e�ects, such as en-
countered when using long-baseline in-
terferometry (in the optical or in the
radio) or when attempting the high-
contrast imaging of extrasolar planets
with a single telescope.

To understand such data requires
to understand the fundamental coher-
ence properties of �starlight� and how
they relate to observations carried out
in the optical regime either by single
telescopes, using an image-object con-
volution relation; or by interferometers,
relying on the Van Cittert - Zernike the-
orem. We will also put that Fourier-
optics course to good use and learn

to look through the three fundamental:
pupil, image and Fourier plans to de-
scribe and control the di�ractive con-
tribution of our experiments.

When carried out from the ground,
high-angular resolution observations
are strongly a�ected by the presence
of the atmosphere. We can either at-
tempt to correct these e�ects (using
adaptive optics and fringe tracking), to
take them into account to understand
how they a�ect our observations (using
post-processing) and/or tune our ex-
periments to nevertheless lead to the
formation well de�ned and calibrated
observable quantities (an idea refered
to as co-conception). It is by using a
combination of all options that we will
be able to bring our instruments to their
fullest angular resolution potential!
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APPLICATIONS

by Frantz Martinache

The notions introduced in the the-
oretical section of the course are going
to be completed by a series of prac-
tice sessions, ranging from the guided
use of existing interactive simulation
tools to the development of custom
analysis tools. The students will gain
practical experience in the processing
of di�raction dominated data, primarily
using the technique of non-redundant
aperture masking interferometry. Sev-
eral applications will be covered, rang-
ing from astrophysical use cases to op-
tical metrology).

Interferometric (kernel-phase) signature

of the inner edge of a protoplanetary disk

by A. Lapel, MAUCA student (2020)

How does one go from a small col-
lection of observable quantities to a
believable description of a potentially
complex medium or astrophysical tar-
get? We will look into the limits of data

interpretation, the contribution of fun-
damental noises, become aware of the
observer's subjectivity, and of the im-
portance of the notion of hypothesis.

Students following this course will
acquire a wide ranging practical skill
set: they will experiment with op-
tics, process and interpret interferomet-
ric data and learn how to build up
new applications from existing numer-
ical tools. They will gain insights into
the processes that a�ect observations
and measurements in all astrophysics.
They will also bene�t from the KER-
NEL project that proposes to apply the
lessons and techniques of interferome-
try to process classical (i.e. non interfer-
ometric) images so as to transform any
able telescope into a super-resolution
machine.

Di�ractive model of the aperture of the

James Webb Space Telescope by J.

Marquez, MAUCA student (2020)

MAIN PROGRESSION STEPS

• First half of the period : theoret-
ical courses and numerical inter-
active sessions.

• Written exam & choice of a
project (astrophysics or metrol-
ogy applications)

• Second half of the period: project
- complementary sessions.

• Last week : preparation of the �-
nal oral presentation.

EVALUATION

• Written exam based on the lec-
ture content (40 %)

• Participation in the class (20 %)

• Oral presentation of the project
(40 %)

BIBLIOGRAPHY & RESSOURCES

OCA website KERNEL news Di�rac-
tion lecture paper
Youtube lectures
XAOSIM simulation package
XARA pipeline package
XARA software documentation

CONTACT

Frantz Martinache
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B frantz.martinache@oca.eu
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