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Abstract The development of high-contrast capabilities has long been recognized
as one of the top priorities for the VLTI. As of today, the VLTI routinely achieves
contrasts of a few 10−3 in the near-infrared with PIONIER (H band) and GRAV-
ITY (K band). Nulling interferometers in the northern hemisphere and non-redundant
aperture masking experiments have, however, demonstrated that contrasts of at least
a few 10−4 are within reach using specific beam combination and data acquisi-
tion techniques. In this paper, we explore the possibility to reach similar or higher
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contrasts on the VLTI. After reviewing the state-of-the-art in high-contrast infrared
interferometry, we discuss key features that made the success of other high-contrast
interferometric instruments (e.g., integrated optics, nulling, closure phase, and sta-
tistical data reduction) and address possible avenues to improve the contrast of the
VLTI by at least one order of magnitude. In particular, we discuss the possibility
to use integrated optics, proven in the near-infrared, in the thermal near-infrared (L
and M bands, 3-5 µm), a sweet spot to image and characterize young extra-solar
planetary systems. Finally, we address the science cases of a high-contrast VLTI
imaging instrument and focus particularly on exoplanet science (young exoplanets,
planet formation, and exozodiacal disks), stellar physics (fundamental parameters
and multiplicity), and extragalactic astrophysics (active galactic nuclei and funda-
mental constants). Synergies and scientific preparation for other potential future
instruments such as the Planet Formation Imager are also briefly discussed. This
project is called Hi-5 for High-contrast Interferometry up to 5 µm.

Keywords Infrared interferometry · Integrated optics · VLTI · Hi-5 · PFI ·
Exoplanet · Exozodiacal dust · AGN

1 Introduction

Direct imaging is a powerful and historically important observing technique in
astrophysics. From Galileo’s lens to modern telescopes, scientific progress and
discoveries have been guided by the development of imaging instruments with con-
stantly improving angular resolution, sensitivity, and contrast. The contrast is defined
here as the inverse of the dynamic range and represents the flux ratio (relative to
the host star) of the faintest object that can be detected by the instrument at the
1-� level. Current imaging instruments installed on 10-m class ground-based AO-
assisted telescopes are strongly limited by contrast within a few resolution elements
from the central star, typically 10−4 at the inner working angle (IWA, a few 0′′.1)
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to 10−5 at several �/D from the central star (0′′.5-1′′.0, depending on the wave-
length). Interferometric instruments can probe smaller spatial scales but at modest
contrast (see Fig. 1). For instance, the VLTI achieves contrasts of a few 10−3 in the
near-infrared with PIONIER (H band) and GRAVITY (K band) down to a few milli-
arcseconds (mas). Nulling interferometers installed in the Northern hemisphere and
non-redundant aperture masking experiments have demonstrated better contrasts of
a few 10−4 on baselines shorter than those available at the VLTI.

Developing high-contrast capabilities has long been recognized as one of the
top priorities for future interferometric instruments and for the VLTI in particular
e.g., [53, 68]. In the early 2000s, pushed by the need to prepare the way for future
space-based infrared interferometric missions, a concept for such an instrument was
designed and studied in detail for the VLTI [1]. This study established the instrumen-
tal constraints on fringe tracking and dispersion control to reach a contrast of 10−4,
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