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ABSTRACT
With many thousands of exoplanets discovered one of the important next steps in astronomy is to be able to
characterise them. This presents a great challenge and calls for new observational capabilities with both high
angular resolution and extreme high contrast in order to efficiently separate the bright light of a host star to
that of a faint companion. Glint South is an instrument that uses photonic technology to perform nulling
interferometry. The light of a star is cancelled out by means of destructive interference in a photonic chip. One
of the challenges is the star light injection into the chip. This is done by a unique active system that optimises
the injection and provide low order correction for the atmospheric turbulence. We are reporting on the latest
progress following several tests on the Anglo Australian Telescope.
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1. INTRODUCTION
Following the last two decade’s deep insights into extra-solar planetary systems statistics ∗ , the latest efforts to
directly image and characterise exoplanets is defining a new frontier in astronomy. The future for discoveries
is extremely exciting but also presents large observational challenges. Namely, very high angular resolution is
required to resolve these tiny distant worlds together with extreme high contrast imaging in order to decouple
their light from that of their parent star(s). Currently very few giant cousin planets have been directly imaged
with coronagraphs behind powerful adaptive optics systems (Kalas et al.,1 Marois et al.,2 Macintosh et al.3 ).
While advances in adaptive optics (AO) systems are helping large telescopes reach their full resolving potential,
coronagraphs have been successful at discriminating the light of large planets by physically blocking the star
light with a mask. Due to the wave nature of light, diffraction limits the extinction of the star light. This is
usually accounted for by over-sizing the mask, restricting the direct detection of planets to those further away
from their star(s), referred as the inner working angle of the coronagraph. Planets orbiting nearer their star(s)
are so far being excluded from this treatment due to their proximity to the star. Nulling interferometry is
another technique of star light attenuation that uses the wave nature of light to destructively interfere the light
of a star (Bracewell,4 Bracewell et al.5 ) . The advantage is that unlike coronagraphy, nulling can be used to
look for planets very close to the star(s). The difficulty in nulling interferometry resides in the required phase
control of the incoming light which is sabotaged by the passage through the turbulent atmosphere. GLINT is an
instrumental solution to nulling interferometry that combines several well established techniques in astronomy
such as aperture masking, integrated optics beam combiners and also a novel technique of what we called active
injection that addresses the problems described above. GLINT South was demonstrated on sky at the AngloAustralian Telescope (AAT) 4m telescope in Australia, with a single baseline as described in this paper, as a
first step towards a device with 100’s of baselines filling the entire pupil.
Further author information: (Send correspondence to T. L.)
T.L: E-mail: lagadec.tiphaine@gmail.com
∗
http://exoplanets.org/
Optical and Infrared Interferometry and Imaging VI, edited by Michelle J. Creech-Eakman,
Peter G. Tuthill, Antoine Mérand, Proc. of SPIE Vol. 10701, 107010V · © 2018 SPIE
CCC code: 0277-786X/18/$18 · doi: 10.1117/12.2313171
Proc. of SPIE Vol. 10701 107010V-1
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 10/11/2018
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use

2. GLINT, GUIDED LIGHT INTERFEROMETRY NULLING TECHNOLOGIES
2.1 Aperture masking and pupil remapping
Aperture masking interferometry allows one to reach the diffraction limit of a telescope despite seeing by segmenting the pupil into sub-apertures and applying Fourier analysis to the resulting Point Spread Function (PSF)
(Tuthill et al.6 ). The way this is achieved is by using a so called non-redundant pupil mask. Without aperture
masking, in the pupil plane, several pairs of points (baselines) contribute to the same spatial frequency, however
due to the atmosphere’s distortion, they will not add up coherently in the image plane hence contributing to
added noise. With aperture masking, the sub-pupil pairs are chosen in a non-redundant manner so that this
noise is eliminated. Unfortunately, doing so means that a large portion of the precious stellar light is rejected,
and so aperture masking limits the magnitude of stars that can be observed and sets the instrumentation limit
into the photon noise regime. To alleviate this major drawback, the GLINT concept uses the technique of pupil
remapping through the use of integrated optics (photonics) first described by Kotani et al.,7 this work builds
up on the Dragonfly concept from Jovanovic et al.8 In pupil remapping the whole pupil is re-imaged onto a
MEMS segmented mirror, and each segment corresponds a sub-aperture of the pupil. This is then re-imaged
onto an array of micro-lenses that focus each segment beam onto a 3D integrated optical chip. The chip is
made of bulk glass with inscribed waveguides. Each waveguides takes the light from a subaperture of the pupil.
The waveguides remap the pupil to form a 1D non-redundant array, the throughput can then be used to feed a
spectrograph as illustrated in Fig. 1.
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Figure 1. GLINT, pupil remapping concept. The light from a large telescope pupil is reflected on a right angled mirror,
re-imaged on a segmented mirror and reflected back on the corner mirror. It is re-imaged again onto a micro-lens array
that focuses each sub-aperture onto a photonics chip made of waveguides inscribed in glass. The chip takes the input
pupil pattern and remaps each sub-pupil to form a non-redundant 1-dimensional array. The resulting array can be fed to
another instrument such as a spectrograph on this image or a nuller.

2.2 Nulling Interferomertry
In nulling intereferometry, the light from a star is collected by either two telescopes, or two sub-apertures of one
telescope and the two beams are recombined and create interference as a function of the spatial coherence of the
light. By applying a pathlength delay of π into one of the beams, the beams interfere destructively, cancelling
out the starlight. If a planet at an angular separation from the star orbits the star, its light also enters the
instrument, but its angle of incidence introduces a further beam delay so that when the star light is destructively
interfered the planet’s light isn’t. Hence, depending on the starlight extinction efficiency, the intensities from
the planet dominates the signal detected. The extinction ratio depends on the spatial coherence of the source
(ie. resolved versus unresolved), the size of the sub-apertures/telescopes, the baselines, the temporal coherence
of the source (ie. its spectral bandwidth) and the control of the beam phases (ie. the seeing and/or the adaptive
optics system of the telescope(s)).
Fig. 2 shows simulated monochromatic null data for three different baselines. The top panel plots the fringes
projected onto the observation plane. The dark fringe is centered on the star and two companions are present at
two different separations. As the plane of observation is rotated (either by an image rotator in the instrument,
or with the natural sky rotation), the planets passes in and out of dark region therefore the signal observed is
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modulated as shown on the bottom panel. It is apparent that for each baseline, each companion has a distinct
footprint in the modulated signal. Applying standard Fourier analysis to as many baselines as possible allows
one to recreate intensity maps, ie. an image. Furthermore, the planet’s signal discriminated in that manner can
be used to feed other instruments such as a spectrograph, which gives the potential to look for specific spectral
lines in the atmosphere of the planet.
Conventionally, the quantity measured with a nuller is the null depth which corresponds to the extinction ratio.
In practise, the null depth is never zero due to the factors described above. One may use a fringe tracker to
compensate for some of the phase error from the atmosphere. Instead we follow the statistical approach described
by Hanot et al.9 . Hanot et al. derive the statistical distribution of the null depth from the different individual
sources of errors. The measured null depths hence represent a statistical distribution that can be fitted by the
derived model, which gives an accurate estimation of the astronomical null depth. Fig. 3 shows an example of
such a distribution. See Hanot et al.9 for details.
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Figure 2. Simulated null data for illustration. 3 baselines are simulated. On the top panel, the fringes are projected onto
the plane of observation on the sky. As the companions orientation changes while rotating the plane, the signal measured
is modulated (bottom panel), imprinting a unique pattern for each companion.
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Figure 3. Statistical probability distribution for the measured null depth with simulated noisy null depth measurements
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2.3 Photonics, Integrated Optics, beam combiners at 1550nm
Single mode fibers are perfect spatial filters: any phase irregularity in the incident light will be rejected by
the fiber which transmits a perfect flat wavefont. This is very relevant for interferometry where the coherent
superposition of the wavefonts is required. GLINT uses not only single mode fibers, but single mode wiveguides
inscribed in a photonic chip. The optical chip is made of coherent 3-dimensional waveguides sculpted in bulk
glass using the laser direct-write technique. The way they are fabricated is illustrated on Fig. 4 and described
in Arriola et al.10 A high power femtosecond laser beam is focussed within the glass. Where the focus occurs
the material structure is changed permanently which under the chosen fabrication conditions induces a change
of refractive index. The glass mounted on a translation stage is translated at the desired speed such that the
laser beam sculpts the waveguides. Fig 4 [right] shows a schematic of a one baseline nulling chip. The two
sub-apertures are coupled in the the two waveguides, 50-50 splitters are used so that the photometry can be
monitored simultaneously to the null (in blue), then as the light travels through the coupler the power from the
two waveguides is transferred from one waveguide to the other by evanescent coupling. The signals interfere
and by modulating the phase of one of the beams before injection into the chip, one of the output will be the
resulting destructive interference (null) and the other one constructive (anti null). To do so the pathlength of the
waveguides are matched at an accuracy of the order of one tenth of a micron, enabled by the laser writting process.
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Figure 4. [left] Illustration of the laser writing process. The beam of pulsed laser is focussed within the glass chip and
the chip is translated making the laser draw the waveguides. [right] schematic of a one baseline chip showing the splitters
(y-junction) and couplers (x-junction).

The final GLINT concept is eventually to use the whole pupil and in that instance the 3D architecture of the
chip is very important. The waveguides are written to produce the pupil remapping, and then the baselines
are combined with the use of couplers. Hence the process of remapping and coupling lies in a single, thermally
stable, very robust device. Furthermore the chip is quick and very low cost to fabricate. The 3-dimensionality
of the writing process allows for a great flexibility of the waveguide geometry. Fig 5 shows a picture of the 1
baseline chip as it is back illuminated, the total length of the chip does not exceed 2cm.
So far the bulk material used for the chip is silica, and the couplers work at 1550nm with a bandwidth of roughly
50nm. Strong efforts are being made to develop broadband couplers which would considerably improve the null
depth, and also to push the technology to the mid-infrared where the contrast star-planet is best as seen on Fig
5.
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Figure 5. [left] the one baseline chip being back illuminated, approximate length: 2cm. [right] Simulated planet versus
star flux displaying a ‘sweet spot for the planet-star contrast at around 4µm

2.4 Adaptive Injection
A major challenge GLINT South faces at the AAT is the injection of the starlight into the waveguides in the
chip, since no AO system is present the waveguides present. Due to the small core size and single mode property
of the waveguides, direct injection of the uncorrected atmosphere would yield extremely low throughput. To
solve this problem, GLINT uses a system of so called ‘adaptive injection that happens in two steps. First a
tip/tilt mirror coupled with a simple Point Grey camera in a closed loop corrects the tip and tilt components of
atmospheric seeing, so that the beam is virtually made static on the optical axis.
Secondly, each segment of the segmented mirror where the pupil fragmentation is defined possesses 3 actuators
allowing for tip, tilt and piston. The throughput of each waveguide is measured through the photometric channels
of the chip while the corresponding segments scan each tip/tilt position and the optimum injection is defined for
the position where the throughput is maximum. Before injection into the chip the shorter wavelengths are sent to
a second detector via a long-pass filter. Here each sub-beam, as defined from the segmented mirror, are focussed
through a micro-lens array onto the detector. The detector and segmented mirror also work in a close loop from
the optimum positions correcting the residual of the first tip/tilt correction system on a per-subaperture basis.
This is highly effective since the seeing across each subaperture, of size of few r0 , is almost entirely tip/tilt. The
whole system is described with more details in Norris et al.11

3. OPTICAL DESIGN
Fig 6 shows a schematic of the South version of GLINT, which is the Anglo-Australian Telescope (AAT)
pathfinder for the GLINT project. The AAT is a 4m telescope located in Coonabarabran in New South Wales,
Australia. Specially designed for the AAT at the Coudé focus, GLINT (South) first deploys a flip mirror that
allows it to switch from the telescope to the calibration source. The calibration source is composed of a single
mode fiber fed by a super continuum source; the output is collimated by a lens and an iris and then focused with
a lens. The lens and the iris define a f-number of 36 that matches that of the AAT. The shortest wavelengths are
sent to the telescope guide camera via a long-pass dichroic filter. The light then goes through a set of collimating
lenses that also act as a pupil imager. The pupil is hence focussed on a tip/tilt mirror after passing through a
dove prism that allows one to rotate the angle of the baselines. Short wavelengths from the reflection on the
tip/tilt mirror are reflected towards a camera that works in a close loop with the tip/tilt mirror correcting the
tip/tilt atmospheric perturbations. The pupil is then re-focused and re-colllimated by another set of lenses to be
re-imaged onto the MEMS segmented mirror (IrisAO). The segmented mirror is where the pupil segmentation
happens, each segment acting as one of the sub-pupils. Because the segmented mirror is at one of the pupil
planes, it presents a convenient position for the mask, hence the mask is placed right before the segmented mirror, selecting two sub-apertures. The sub-aperture beams then travel towards the nulling chip. First the shorter
wavelengths are sent towards another camera where they are individually focussed onto an EMCCD detector
by a micro-lens array. The detector also works in a close loop with the segmented mirror. After the passage
through the last dichroics, the sub-apertures go through a 4f lens system that reduces the beam by a factor of 20
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and also re-images the pupil one last time onto the micro-lens array of the chip, which focusses the beams into
the waveguides. The beams then interfere within the coupler of the chip. The segmented mirror also controls
the incoming beam phase through piston, and one of the beams is delayed by π radians to obtain destructive
interference in one of the outputs. All the outputs are then carried by loose fibers connected to photodiode
detectors.
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Figure 6. GLINT (south) schematic representation. See text for details.

4. ON SKY DEMONSTRATION AT THE ANGLO-AUSTRALIAN TELESCOPE
The 4m Anglo-Australian Telescope (AAT) was used for the first on-sky tests of GLINT. First the tip-tilt control loops were tested on various bright stars. Figure 7 [left] shows the position of the psf on the Point Grey
camera as a function of time for the control loop open and then closed. The control of the tip/tilt allowed the
light to be injected into the photonic chip despite the atmospheric modulation. The whole instrument from
Figure 6 was built and also tested at the AAT. Figure 7 [right] shows the resulting null distribution function
for Antares, overplotted with the dark distribution. The dark distribution is centered at zero and presents a
Gaussian distribution, while the null distribution has a skew on the right end side and peaks at a value different
from zero. The width of the dark-current distribution is comparable of the width of the null-depth distribution, indicating that the sensitivity of the pathfinder instrument is entirely limited by noise from the un-cooled
photodiodes. Nonetheless this results shows that GLINT was able to successfully produce an astronomical null
depth measurement on Antares from a 4m telescope without an adaptive optics system. The data remain to be
fitted to retrieve the astronomical null depth and the errors associated which will be presented in a forthcoming
paper. More data have been acquired on other bright stars and binaries that are also in the data analysis pipeline.
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Figure 7. [left] Position of the PSF position on the Point Grey camera as it is modulated by the atmosphere, with the
control loop open and closed. [right] Observed null depth distribution for Antares with the dark current distribution.

5. CONCLUSION
In this paper we presented the GLINT (Guided Light Interferometric Nulling Technologies) Anglo-Australian
Telescope pathfinder, a prototype high contrast instrument that performs nulling interferometry with the aid of
photonic techologies. The goal is to be able to fully remap the pupil of a large telescope into a small photonic
chip that destructively interfere the star light for each given recombined aperture baseline. The extinguished
star light can then be fed to other instruments such as a spectrograph to characterise the light of a companion.
GLINT has been successfully tested at the Anglo-Australian Telescope with one baseline. The simple integrated
tip-tilt control system allowed the injection of the single mode fibers directly after the 4m telescope. Null depth
measurements have been achieved for a few bright stars at 1550nm. As the next step, a 4-input, 6-baselines chip
has now been produced and is undergoing testing with the SCExAO system at the Subaru telescope
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