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Abstract. The detection of faint emissions very close to
much brighter objects is required in several different fields
of astrophysics, for example in the search for planetary
disks. We present here a coronograph that we built to
work with come-on-plus, the ESO adaptive optics system, high angular resolution being of key importance in
allowing observations close to a central, occulted object.
The first results are presented and analyzed in order to
establish the performance of this instrument in terms of
contrast and detectability of faint emissions close to a central star.
Key words: atmospheric effects — methods: data
analysis — instrumentation: miscellaneous — stars:
circumstellar matter

mask on a 2 meter class, classical (i.e. without adaptive optics) telescope. This first detection has been followed by observations of this disk closer to the star,
using two different approaches. A first one consisted of
using image tip-tilt correction before the coronograph
(Golimovski et al. 1993), and allowed the detection of the
disk down to 200 from the star, and quantitative measurements to 2.500 , to be compared to 600 obtained without
correction. The second method used an anti-blooming detector to achieve a very high dynamic range instead of
using a coronograph (Lecavelier et al. 1993) and enabled
a similar performance to be reached. The scientific interest
in the vicinity of the star is important: the physical nature
of the medium is supposed to change within 200 and this
coincides also with the expected location of planets and
their area of influence. The thermal emission of the dust
has also been imaged at 10 µm (Lagage & Pantin 1994).
This provides complementary physical information.

1. Introduction
The difficulty of observing faint emissions in the close environment of bright objects, like stars, increases with the
contrast. Yet, many fields of astrophysical research depend on this ability. One important field is the study of
the close environment of IRAS excess stars where the aim
is to detect the origin of such infrared (IR) emissions as
either disks, or red and faint objects. Alternatively, very
faint structures around a number of Herbig stars could be
imaged.
For instance, a circumstellar disk has been imaged
around β Pictoris (Smith & Terrile 1984), using a coronograph with a 700 diameter occulting mask and a Lyot
Send offprint requests to: J.-L. Beuzit
?
Based on observations collected at the European Southern
Observatory, La Silla, Chile.

A systematic search for similar disks around other
main sequence (MS) stars has also been performed (Smith
et al. 1992). No other disk was found among approximately 100 candidates. The reasons for these non detections are probably a combination of three facts (Lagrange
1994). The disks are possibly intrinsically fainter than that
of β Pictoris (according to IRAS indications), the disks
may be unfavourably oriented, and they may also be closer
to the star.
In the context of such studies, scientific results and constraints would benefit greatly if one could observe faint
(typically less than 15 magnitude per arcsec2 ) and extended structure much closer (typically closer than 200 ) to
the bright central object. Such performance requires the
highest possible angular resolution as well as the use of
techniques which provide a very high dynamic range.

Theoretical calculations indicate that the quality of
coronographic images depends critically on the angular
resolution. The improvement with the use of partial image correction has already been demonstrated by Malbet
et al. (1992) on the come-on adaptive optics system
and by Golimovski et al. (1993) with their Adaptive
Optics Coronagraph. On the basis of the come-on experiment, we have built a coronograph to work with the
come-on-plus adaptive optics system on the ESO 3.6
meter telescope at La Silla, which provides diffractionlimited images in K band (2.2 µm), i.e. a resolution of
0.1200 . It was hoped to be able to use masks smaller in
diameter than 100 , which is significantly smaller than the
ones used without or with partial image correction (respectively, typically 400 and 200 ). In 1994, six nights were
devoted to testing the coronograph and measuring the performance of the AO + coronograph system in terms of
dynamic range and the ability to observe faint emissions
close to a central, bright object.
In Sect. 2, we review the theoretical reasons that support the use of a coronograph with adaptive optics. We describe the coronograph in Sect. 3 and we present in Sect. 4
a detailed description of the reduction procedure for this
particular type of data. The resulting capabilities of the
whole procedure are presented and the different sources of
uncertainty are evaluated in Sect. 5. These are critically
compared to theoretical calculations and the performance
of other existing systems in Sect. 6. Conclusions and perspectives to this instrumental work are given in Sect. 7.

real-time by a servo control system. The resulting wavefront is nearly planar and the resolution becomes close to
the diffraction limit of the telescope (Alloin & Mariotti
1994).
2.2. Coronography
Collecting information close to a star implies the use of
small masks. Theoretical calculations enable the expected
performance of coronographic techniques to be simulated
(Malbet et al. 1996), and the influence of the respective
shapes of the occulting mask and of the Lyot stop to be
explored. Basically, the critical parameter is the relative
size of the occulting mask to the point source response
extension. It strongly affects the rejection capability of
the system, as well as the efficiency of the Lyot stop. For
instance, we have calculated that the use of a 0.800 occulting mask leads to simulated rejection rates of 335 in the
case of a perfectly flat wavefront, 215 for AO corrected
images, but only 50 for tip–tilt corrected images, and 5 in
case of no correction. In other words, to obtain the same
rejection rate as the AO corrected images would require
the use of a mask that is two times larger with tip-tilt
corrected images, and 3.5 times larger without correction.
This particular numerical example (Fig. 1) is calculated
for the case of 100 seeing and with a 3.6 meter telescope at
2.2 µm.

2. Need for an adaptive optics coronograph
2.1. Adaptive optics
The angular resolution of ground-based telescopes is usually not limited by the quality of the telescope optics, but
rather by the atmospheric turbulence. This phenomenon,
called seeing, is due to random temperature fluctuations in
the atmospheric layers which induce local variations of the
index of refraction resulting in distortions of the incoming wavefront (Roddier 1981). Regardless of the telescope
aperture, the ultimate resolution is rarely better than 0.500
even in good astronomical sites. Another effect of the seeing is to degrade the imaging sensitivity, by spreading the
collected photons over a much larger area. A posteriori
techniques have been developed to overcome the effects
of the atmospheric turbulence on the image quality, using
digital post-processing: speckle interferometry, deconvolution from wavefront sensing, etc. Nevertheless a more
promising approach is to compensate in real-time the atmospherically induced wavefront distortion by an adaptive
optics (AO) system. In this technique the light coming
from the object under study, or from a nearby reference
star, is analyzed by a wavefront sensor. Using this information, the surface of a deformable mirror is modified in

Fig. 1. Simulated profiles of PSF obtained with a 3.6 meter
telescope at 2.2 µm under atmospheric Kolmogorov turbulence
conditions (seeing = 100 ) and different correction modes. The
full line indicates the profile that the adaptive optics system
should generate on a bright star, compared to the profile in a
perfect case of flat wavefront (long-dashed line) and the case
of the tip-tilt correction (dashed line) and no correction at all
(dotted line). Note that the discrepancy between the calculated
feature for the perfectly flat wavefront and the Airy pattern
only comes from the numerical calculation, and has no link
with atmospheric turbulence

3. Description of the COME-ON-PLUS
coronograph

struction ratios of 10% and 20% of the pupil surface without a significant reduction of the angular resolution.

3.1. The come-on-plus adaptive optics system
The come-on-plus instrument (Gendron et al. 1991), developed in collaboration by ESO and several French institutes and companies (Observatoire de Paris, ONERA,
Laserdot and LEP), routinely achieves diffraction-limited
images at near infrared wavelengths (down to 1.65 µm)
on the ESO 3.6 meter telescope at La Silla (Rousset et al.
1994; Beuzit 1995). The images are recorded on the 256 ×
256 NICMOS 3 detector of the SHARP II infrared camera
(Hofmann et al. 1992) using an image scale of 0.0500 /pixel,
which leads to a total field of view of 12.800 × 12.800 . The
camera features the standard J, H, K and short K broadband photometric filters.
For reference star magnitude lower than 10, i.e. at high
photon flux, the best FWHM is around 0.100 and is obtained in the H and J bands. In the K band, the 0.1200
angular resolution and a typical Strehl ratio, i.e. the flux
concentration with respect to the perfect image case, of
30 to 40% are achieved.

4. Data reduction
4.1. Description of the data
The observing procedure for a target star consists in
recording exposures of that target with the occulting mask
as well as exposures made without the mask to measure
the point spread function (PSF). The same information
for a comparison star is necessary in the reduction procedure as described in Sect. 4.3. Usually two comparison
stars are observed for cross confirmation purposes, under
the same conditions, with and without the mask. For each
objects, the sky emission is measured at a distance of, typically, 3000 away from the target object. Individual exposure times are constrained by the dynamical range of the
detector. With the 256 × 256 SHARP II near IR camera
on bright targets (mag = 3 − 6), they are typically a few
seconds. Data cubes of typically 100 images are recorded.
In addition flat-field and dark exposures are recorded at
the beginning and the end of the night.

3.2. The coronographic mode
The optical sketch of the come-on-plus coronograph is
shown in Fig. 2. Unlike most of the existing coronographs,
it is composed exclusively of reflecting surfaces to avoid
chromatic effects when switching from one wavelength to
another. The occulting mask, a flat metallic mirror with
a calibrated central hole, is located at the F/45 output
focus of the adaptive optics bench (Mc2). The star light
goes through the hole while the image of the surrounding
region is reflected to the camera. The Mc3 spherical mirror collimates the light beam onto the Lyot stop (Mc4).
The second spherical mirror (Mc5) images the focal plane
onto the infrared detector with the same F/45 aperture.
Additional flat mirrors are used to allow a fast switching
from the coronographic mode to the standard one without
removing the coronograph itself.
Different occulting masks are available with sizes ranging
from 245 µm to 1.6 mm i.e. projected diameters from 0.300
to 200 , the image scale of the ESO 3.6 meter telescope being
790 µm arcsec−1 at the F/45 focus. The masks were made
from stainless steel disks in which holes were first drilled.
They were then optically polished at a surface quality of
λ/4 at 0.55 µm and silver coated.
The Lyot stop or apodizing mask, located at a telescope
pupil image, is used to block the diffracted light from the
edge of the telescope’s primary and secondary mirrors and
from the secondary support (including the spider arms).
In doing so, it needs to partially obstruct the pupil image. Two masks, obtained by a microphotolithographic
process, were produced by the LARCA (LAboratoire de
Réalisation de Composants pour l’Astronomie) at the
Observatoire de Paris. They correspond to relative ob-

4.2. Reduction of instrumental effects
4.2.1. Bad pixels removal
What is referred to here as “bad pixels” are pixels which
behave abnormally in comparison to the whole detector.
These include pixels with a non-linear response, dead pixels and pixels with excessive noise or characteristics that
vary from one night to another. They are easily detected
by their strong deviation from the mean local intensities.
Their value is replaced by the median value of the neighbouring pixels. This procedure is necessary for a few hundred pixels in the 256 × 256 image, and has no deteriorating effect on the angular resolution.
4.2.2. Dark exposures
With the detector used the dark signal is very stable and
reproducible, but depends strongly on the exposure time
(especially for short exposures). Dark exposures of equal
duration as the exposure on the astronomical targets are
recorded.
4.2.3. Sky and flat field
The sky emission is measured 3000 away from the star. The
implicit assumption is that no significant variation occurs
on this scale. Note that to take into account this variation to a first order would imply additional observations
of the sky on the opposite side of the object, but doing
this would also increase the delay between the object and
the reference exposures. The sky subtraction also removes
the instrumental background.
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Fig. 2. Optical sketch of the come-on-plus coronograph. See Sect. 3 for a comprehensive description

The flat fields are derived from sky exposures, once dark
signal has been subtracted. Indeed, no spatial variation of
the sky is expected over the 1300 field of the camera and we
checked that no background emission is detectable on this
field. This method appears to give more consistent results
than when using dome flats. This correction is especially
important for extended sources but also for precise photometry since it involves corrections of the order of 10%
of the mean signal level over the detector.

4.2.4. Selection and recentering
Figure 3a shows the typical shape of an individual image of an occulted star. We have tested some recentering
and selection procedures in order to obtain the best result from a large number of such individual images. The
classical shift and add recentering procedures do not improve the image quality. Indeed, along a data cube of a
few minutes, no spatial drift of mechanical origin has been
measured. The intensity centroid of an occulted star light
is stable to better than 0.5 pixel over a 5 minutes period and very narrow (diffraction-limited) thanks to the
adaptive optics system. This value is estimated by numerical procedures measuring the centroid of various ring of
light in the wings of the PSF of an occulted star. Such
procedures were validated in the favourable case of the
observation of HR 4796, where both the occulted star and
an unocculted star appeared in the field of view. This allowed to compare simultaneously these criteria with the
center of the easily fitted unocculted PSF. This lead to
the consistent typical value of a 0.25 pixel rms variation.
Also, the irregularities present in the wings of the PSF are
variable on time-scales much shorter than our single exposures (turbulence time-scales) and cannot be removed
by shift and add techniques. These irregularities can only
be reduced by increasing the number of exposures.

For image selection, criteria based on the Strehl ratio
or the width of the peak of intensity do not directly apply
to the coronographic data. The selection can be based on
the level of the residual intensity after the occulting mask,
asymmetry or displacement of the center of the PSF, or azimuthal irregularities. We have explored these criteria, or
combinations of them, to establish PSF “wing quality indicators”. Yet none of them lead to a significant improvement in the results. Observed data cubes appear to be
so homogeneous that we cannot clearly distinguish “bad”
images compared to the mean ones. These conclusions do
not derive from a lack of information on the center part
of the PSF. Indeed, we tested our procedure on a field
of view which contains both a bright star, placed under
the occulting mask and a fainter star (∆m = 3) 800 apart.
This gives the opportunity of simultaneously observing
the center part and the wings of the PSF. The data cubes
do not show important variation of turbulence conditions.
Such changes can occur in less than one minute but such
an evolution can be detected in the wings as well as at
the peak of the PSF for frame selection purposes. And,
in the present case of a globally homogeneous cube, indicators from the central part of PSF (like the FWHM,
radius of 50% energy, etc.) are of no help either. Indeed,
the wing quality indicators relate to the poor correction
of the higher modes caused by turbulence. Thus two types
of indicators are not correlated in such a case and we have
checked that selection based on the central part of the PSF
does not lead to a better result for the occulted star light
profile. Finally, as long as differences in the quality are low
and uncertain, we do not want to arbitrarily cut off our
sample and we keep as many images as possible in order to
maximize the signal to noise ratio. Then, the homogeneity of a data cube is systematically tested with a simple
criterion such as the total intensity over an image, which
would indicate any technical disorder or sudden correction

Fig. 3. Residual light from a star behind the mask, for a single exposure a) and 200 added images b). The scale is logarithmic:
the inhomogeneities in the wings are at very low intensities compared to the peak of the star

change, which never happened in our observations. Then
all images are simply added.
4.3. Correction with a comparison star
After the mask, most of the stellar light is removed.
However, the wings of the PSF are still present outside
the occulting mask and are much stronger than the circumstellar emissions that we wish to image. We may be
able to remove the residual light from the central object,
since its shape is expected to exclusively depend on optics
and correction. This step is critical and some difficulties
are generally encountered.
A possible method is to use the star itself to estimate the diffracted light profile on a region of the image
where no circumstellar emission is expected. The profile is
then azimuthally extended to the whole image, following
Golimovski et al. (1993) in the observation of the βPictoris
disk. Yet the definition of the area used to evaluate the
light to be subtracted is critical. Indeed, it involves some a
priori knowledge of the observed circumstellar emission. In
particular, in case of extended emission it seriously affects
the shape of detected non central emission, especially close
to the star. In order to avoid such possible biases, which
are difficult to estimate, we prefer to use a comparison
star observed under the same conditions. This comparison star is chosen to be angularly close to the target and
of similar magnitude and stellar type in order to get the
same adaptive optics correction. For the same reason, it is
observed very close in time as the target object. We also
take care to avoid any reference star suspected to have a
companion or some circumstellar material. The reduction

procedure of this comparison is exactly the same as for the
main target. The residual light from the central object is
then subtracted, after proper scaling to the brightness of
the target, by a multiplicative factor. After this procedure,
only non-central emission should remain.
The reasons why this procedure is delicate are the following: First, the gradients in the PSF feature we subtract
are steep (radial dependence in r−3 ) so that any slight difference in the shape of the residual light from the star affects the efficiency of the procedure. A possible offset that
may have occurred between the observations of the target
and the comparison induces in the signal after subtraction
a strong deviation from the zero in the region close to the
mask with a highly positive area on one side opposite to an
highly negative one. We correct this effect by recentering
down to a precision of 1/8 pixel. Exploring higher precision do not clearly improve the result and the remaining
deviation from zero after the subtraction of the central
light comes from the following effects more than from the
centering precision. Second, due to the photon noise and
also to the fact that very high modes of the image correction are imperfect, some azimuthal inhomogeneities remain and vary from one single exposure to another. They
are reduced by increasing the number of exposures, but
the finite total exposure time still causes uncertainties to
the evaluation on the shape of the residual light as can be
seen in Fig. 3. This uncertainty, coupled with the photon
noise, is quantified by the measure of the signal variance
along a data cube, represented as a function of the distance
from the star in Fig. 5 (long dashed line curve). Third, the
global quality of the image correction varies on time-scales
which depend on weather conditions (minutes to hours),

and on the star intensity and position in the sky. Such
a slight variation implies that both profiles may be not
exactly similar anymore. This clearly appears when one
divides the image of the object by the comparison one.
The result sometimes show a dependence on the distance
from the star. This occurs when the two stars are observed
more than one hour apart. With shorter delays, the division is flat over most of the field of view. We can then
derive a constant scaling factor. The dominant source of
uncertainty is no longer due to this determination.
Finally, after all these corrections, we are able to quantify the resulting uncertainty in two ways. The first one is
to measure the residual light in the reduced image (star
corrected by the comparison) where no emission is seen.
The second one is to apply the same method to two comparison stars observed respectively before and after the
target.
5. Performances of the coronograph
5.1. Efficiency of the coronograph on a single object
The efficiency of the coronograph can be measured by
comparing images of the same object with and without
the occulting mask (Fig. 4). As exposure times are much
shorter in the second case, the profile is normalized to one
second exposure. The coronograph parameters are a 0.8 00
occulting mask and a Lyot stop occulting 10% of the light
in the following pupil plane.
The most spectacular effect is the gain in terms of dynamic range. The rejection rate, i.e. the ratio of the brightest pixel of the respective images, is larger than 100. As a
direct consequence, it becomes possible to integrate longer
in order to get a good signal-to-noise ratio (S/N) on the
wings of these profiles. This provides the ability to detect
fainter emissions. We have to stress the fact that the reduction procedure described above assumes that no part
of the detector is saturated and that every pixel operates
in the linear regime.
A second effect of the coronograph is the lowering, by a
factor of 2, of the outer profile of the occulted star outside
the area of efficiency of the occulting mask. This efficiency
of the Lyot stop comes from the fact that the occulting
mask rejects most of the light of the occulted object in
the border of the next pupil. As the delicate step of the
reduction procedure is the removal of this profile wings
(Sect. 4.3), this gain, specific to coronographic techniques,
is valuable.

Fig. 4. Respective normalized profiles of a star without the
occulting mask (full line) and with the mask (dashed): (top).
Horizontal axis is scaled in arcsec. The ratio of these two profiles is plotted (bottom) on a logarithmic scale

star. We estimate the noise of the whole procedure by applying it to two point-like sources, or on the part of the
resulting image where no emission is expected. The deviation from zero indicates the faintest detectable emission
around a given occulted object. Figure 5 presents the radial dependence of this limit. With such observational parameters the final correction by the reference object leads
to a detectable limit around 20 times fainter than the
diffracted light of the central object at 200 . In terms of
dynamic range, a gain of 100000 further than 200 , or 40000
at 1.500 , is obtained if one compares the peak intensity of
the non occulted star with the residuals after the whole
procedure.

5.3. Effect of observational parameters on the performance
5.2. Efficiency of the whole procedure
As already seen in Sect. 4, the remaining light from the
central object is removed by the comparison with another

The derived detection limit obviously depends on the
particular instrumental (mask sizes, filters) and observational parameters (brightness of star, airmass, weather

complete field of view, the precision of the measurement
of the residual light may be directly enhanced by increasing the total exposure time.

Fig. 5. Profile, on a logarithmic scale, of the rms residual light
after the whole reduction procedure as a function of the distance from the star c). This indicates the detection limit in the
present case which, at 200 , is 105 fainter than the peak intensity
of the star observed without the mask with the same angular
resolution a). The difference between the detection limit and
the profile of the occulted star b) shows the efficiency of the
reference profile subtraction. Profile d) is the rms variation of
individual images from the average image in a cube (for the
reference and the object). This illustrates the cumulative effects of the photon noise and the high turbulence modes. The
discrepancy between the observed limit level c) and the expected one d), due to variations along a single cube, is due to
small variation between the two object observations. Further
than 200 , the detection limit level is given by the precision on
the sky and is related to the total exposure time

conditions and variability, exposure times..). Therefore,
they should be considered as illustrative rather than as
upper limits to what can be achieved. One may basically
extrapolate corresponding limits for observations under
different conditions, or use them to fit the instrumental
possibilities to specific scientific requirements.
In a data cube, the uncertainty of the measurement is
derived from the rms variations of the individual images
compared to the average image (Fig. 5d). The precision of
the average image increases as the square root of the number of images. In a cube of dark and flat field corrected
data, the uncertainty of the signal has various origins, depending on the distance from the star. Further than 200
from the star, in low flux area, the detector read out noise
dominates. It is then consistent with the uncertainty of
the dark signal and the sky emission (for typical exposure
times of seconds or less). Closer to the star, as the flux
gets larger, the S/N improves but the absolute uncertainty
per pixel also increases, and gets larger than the read out
noise. Major sources of uncertainties here are the photon
counting noise and also the irregularities on the wings of
the PSF due to the imperfectly corrected high order and
fast modes of the turbulence. As a consequence, in the

The precision of the whole procedure (Fig. 5b), i.e. after subtraction of the reference signal, may not be better
than the one of the target and the reference. This level is
reached in read out noise dominated regions, i.e. further
than 200 . This means that, close to the star, the critical step
of the procedure is the subtraction. We already mentioned
that this may come from a globally different behaviour
of the correction for both stars because of small differences of brightnesses, position in sky, observation time,
and numerical subtraction (multiplicative factor determination, offset). To investigate the very close environment
of stars, one needs a long total exposure time and an exact similarity between the reference and target stars. They
should also be angularly very close and observed less than
one hour apart, or even less when the turbulence changes
rapidly. The observing strategy should then aim to optimize the compromise between a large total exposure time
and short delays between the various exposures. This depends on the distance and magnitude of the investigated
emissions.
Other important parameters are the occulting and
Lyot masks sizes. One needs to use small occulting masks
to investigate the very close vicinity to the star, even
though this leads to lower rejecting capabilities of the occulting and Lyot masks (see for instance Sect. 2; Malbet
et al. 1996) and smaller exposure times.
One comment on the final angular resolution: This is critical in the whole reduction procedure as it allows the use of
small masks, whether or not the observer is interested in
achieving angular resolution. If the highest possible angular resolution is not the observational priority, it is always
possible, a posteriori, to degrade the resolution. The limit
detection, in terms of flux per element resolution, correspondingly increases.
6. Comparison with expected performance and
other systems
Section 5 gives the effective performance of the instrumental configuration used. We discuss them in comparison
with theoretical calculations and others systems.
First, the rejection capability of the coronograph appears to be in good agreement with theoretical expectations, even though it is slightly reduced. The following effects may explain the remaining discrepancy. First,
the optics are not perfect. In particular, the mirror scattering decreases the efficiency of a coronograph. For instance, the latest observations occurred after the primary
mirror had been re-aluminized and the improvement in
the image quality was spectacular. Second, the wavefront

after the adaptive optics system is not perfectly flat and
the wings of the PSF are correspondingly modified. Also,
since the efficiency of the coronograph critically depends
on the accurate centering of the star, a slight variation in
the position during observation, possibly due to a small
mechanical deformation, affects the whole shape of the
residual light profile.
The importance of the star position stability underlined below explains why observing with little, or no image correction does not allow the use of very small masks.
Consequently, the close vicinity of the star may not be
investigated without AO. Quantitatively, no precise measurements have been achieved closer than 300 from a star
without AO correction (Kalas & Jewitt 1995) or closer
than 2.500 with tip-tilt correction (Golimovski et al. 1993).
This is to be compared to our present limit of 1.500 , where
the uncertainty of the whole observational and reduction
procedure discussed in Sect. 5.2 is lower than the disk
brightness (Mouillet et al. 1995, here after Paper II). We
have to stress that our observational parameters were optimized for observation close to the star. Different observational parameters would be chosen to observe at greater
distances. A larger mask would provide a better S/N with
longer exposure times. The compromise between the pixel
sampling and the field of view depends on the particular
application concerned.
Finally, the use of a coronograph may also be discussed. In terms of the requested dynamic range, our detection limit at 200 and beyond is around 100 000 times
fainter than the peak intensity of the non occulted star
observed with the adaptive optics system under the same
conditions. This limit could even be improved by a total
exposure time larger than 10 minutes since the limiting
factor is in this case the low flux noise. Yet to achieve the
same result without a coronograph, the detector intrinsic
dynamic range (in the linear regime) would need to be
much larger. Indeed, the subtraction of a reference profile
requires a very good signal to noise ratio in the wings and
this implies a significant number of electrons in the low
flux regions.
7. Conclusion and perspectives
Adaptive optics enables the use of coronographs with very
small mask sizes. We have described a stellar coronograph
that we built to work with the ESO come-on-plus adaptive optics system and we have given its performance in
terms of dynamic range and detection capabilities. The detection limit for faint emissions have been discussed and
quantified as a function of the distance from the central
star. The critical step of the reduction procedure is the
remove of the diffracted light from the occulted star. It
is very sensitive to the quality of the adaptive optics correction, in terms of width of the PSF but also of regular-

ity and stability of the wings. On this basis, longer total
exposure times will enhance the resulting performance;
and finally the use of apodizing masks are under study
to improve rejection capability of the coronograph. The
achieved performance of the present configuration is unprecedented in terms of angular resolution over the whole
image and in the vicinity of the star. Both characteristics are critical in the observational study of various astrophysical objects. The first astronomical results will be
described in Paper II.
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