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S
o ABSTRACT

AN Context. The four-quadrant phase mask stellar coronagraph, intestlhy D. Rouan et al., is capable of achieving very high dycanange

C imaging and was studied in the context of the direct detaatfcextra-solar planets. Achromatic four-quadrant phaasknis currently being

—5 developed for broadband IR applications.

) Aims. We report on laboratory and on-sky tests of a prototype @yaph in the visible. This prototype, thehromatic hybrid phase knife

coronagraph, was derived from the four-quadrant phase mask principle.

0 Methods. The instrumental setup implementing the coronagraphfitsas designed to record the pre- and post-coronagraphigama

simultaneously so that arffieient real-time image selection procedure can be performMéddescribe the coronagraph and the associated
I tools that enable robust and repeatable observations. ¥gemtran algorithm dimage selection that has been tested against the real on-sky

«— data of the binary star HD 80 081 (* 38 Lyn).

Results. Although the observing conditions were poor, thfecgency of the proposed method is proven. From this experinwea derive

procedures that can apply to future focal instruments &st$og adaptive optics and coronagraphy, targeting higtadyic range imaging in

. astronomy, such as detecting extra-solar planets.

2

Key words. Instrumentation: miscellaneous — Methods: data analyAisnespheric &ects — (Stars:) binaries: general

2, version

<t 1. Introduction in theory, of being #ficient enough to perform direct detection

(4p) he i f the fai ¢ ical obi at the 16 cpntrast ratio. N_eve_rthelt_ess, further_ stgd|es_led to
The imagery of the faint structures of astronomical OF’Jecttﬁe conclusion that the main limitations to achieving this-p

at high angular resolution (close to theffciction limit) is ¢, 2o 4o not come from the high dynamic range imaging

a difficult challenge. The current ultimate goal is to direCtIXOncept itself, but rather from all the opto-mechanicalems
observe extra-solar planets, whose existence has beenu

biguously confirmed by Mayor & QueloZ (1995). Since then, . . . .
5 high dynamic range imaging techniques and subsequentinsty Contrary to the instrument design considerations concern-

(O mental innovations have triggered the development of amiii¥ t_he reject|or_1 of undgswed scatte_red-llght, t_he z_aspbob-
serving strategies and image analjisigrpretation in coron-

tious ground-based and space-borne projects to reacthtis ¢ . . . .
- 9 P prol agraphy is not taken fficiently into account. Coronagraphic

lenging exo-planet direct-detection goal. In this contekel- haging | hiahlv non-linear or resulting in int
lar coronagraphy has emerged with the proposal of numerdig9'Nd 1S @ Nigly hon-liin€ar process, resutting n a po
ead-function (PSF) variant by translation. As a conse-

coronagraphic techniques — e.g. AIC (Gay et 1997), phass ) A : X

mask (gRogdier ot al7) fgur qu;drgnt phas)epknﬁ ence, interpreting images requires a high level of kndgde

(Rouan et al[2000; Abe et, 01) binary-shaped mas Sits instrumental environment (where many kind of calibra

(Spergel et a'l 1 Vanderbéi ot @004) pupil apodizg?n paths are needed, resulting in a global loss of throughp
. i . = af the level of the science camera).

Lyot (Aime et al[200R), two-mirror apodization (Guypn 203

band-limited coronagraphs (Kuchner effal. 3002) — all cpab The purpose of this paper is twofold. First, we describe a
prototype of an achromatic phase knife coronagraph (Abe et

Send offprint requests to; L. Abe, e-mail: al. EOO I.) and its performance obtained in a laboratory éxper
abe@optik.mtk.nao.ac.jp ment. Second, we outline the installation and operatinglizon
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2 L. Abe et al.: On-sky tests of a phase knife coronagr@)

tions of this coronagraph at the focus of a 50 cm refractdraat t
Observatoire de Nice (no central obstruction). We deschibe
image-selection technique and present preliminary onrsky
sults obtained on the binary star HD 80081 (* 38 Lyn). Possibl
ways to use such an instrument at Dome C (Antarctica) as a
testbed instrument are also presented.

ni

2. The achromatic hybrid phase mask
coronagraph

Following an earlier development, we decided to merge tloe tw /
concepts of the achromatic phase knife coronagraph (Ale et a

p001) and the four-quadrant phase mask coronagraph (Rouan
et al.|200D), in order to simplify the design of the coronadia @
mask. 0.041

0.02f - ———--- oo -

2.1. Phase mask design

The phase mask is an assembly of phase plates of equal thick- 000 ]

ness but dferent optical refraction indices. Instead of using

four separate plates, we used a combination of two crossed

pairs, each one called a phase knife (Abe efal. ]2001). The

combination of indicesrz(1) andny(1)) and glass thickness i

(e = e, = 99um) are optimized to obtain a theoretical nulling -0.06[ ‘ ‘ ‘

effect of~ 10* over a spectral band ranging froin= 450 nm 450 500 Ao 600 650

to 620 nm. The two orthogonal pairs of phase knives are held

together between two identical glass blocks (see[fFig. Tas. ()

optical design solution was chosen to circumvent tadilt  Fig. 1. (a): The optical assembly of the APKC component: two

operation of shaping and assembling four independent quedum phase knives are stacked between two 6 mm thick glass

rants. plates. The light propagates along thaxis. (b): The relative
Consider a light beam propagating through one phase kniégror on ther phase-shift over the considered spectral band-

The light passing through the left part of it will be phasewidth.

002/ N —

Teshift error (1.0 is 1)

-0.04

delayed by the quantity:
) = 2rre1m(A) 1) differential thickness between the two plates should be less tha
prif) = y a few nanometers, which is not guaranteed by the present man-

and the second half of the wave will be phase-delayed by: ufacturer. A similar assembly technique was used for the sec
ond half of the coronagraphic mask.

©2(A) = M 2) The interface (edge contact) between the two glass plates
z is not well-defined and could be subject to humidity infiltra-

For the sake of manufacturing and assembling simplicity, wien. We thus chose to perform a V-shaped bevel at the plates

imposee; = & = e. Therefore, the relative phase-shift as mterface and to use an optical contact oil to seaffiomce the

function of wavelength is given by: component is assembled. The two separate blocks were then
2re(ny(A) — na()) assembled together using molecular bound. Finally, a Wié-gl
Ap12(1) = 1 . (3) was used to coat the component, holding the two parts togethe

: . . i lid bly.
Figure ﬂ-b shows the expected relative phase-shift e”%r}surlngasm assembly

(Ap12 — m)/m as a function ofd, computed for the chosen

glass combination: BaF4 and BaF52. The expected theordti-Laboratory tests
cal nulling efect of ~ 10* requires that the dfierential glass
thicknessse be at most 2 nm 1/300). 3.1. Laboratory tests of the phase-mask
Although the component assembly was largely simplified us-
ing the method described above, laboratory tests showtthat t
molecular bound betweenftiérent glass indices may not be the
The two glass plates were first polished and molecularly Houaptimal solution. The left side of Figuf¢ 2 shows the corona-
to one of the polished glass blocks. The glass plates werk thjraphic pupil image obtained with the prototype. We idegxifi
enough to prevent them from breaking while being manipa-strong error on the predicteghase-shift for one phase knife,
lated. Once bounded, the two plates were thinned to thespéuadicating that the molecular bound probably did not h&d.(
fied thickness and then polished. As mentioned previousty, tdue to temperature fluctuations). Thigeet might also be due

2.2. Phase-mask fabrication
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Laboratory experiment Numerically simulated

Fig.2. Coronagraphic pupil image&eft: laboratory experi-
ment. The dashed circle represents the Lyot stop that is used
for on-sky observations (see Sect@] 4 Right: numerically
simulated. We introduced suspected phase-shift defeststo
ulate the pupil intensity distribution (thresholded image ex-

hibit the intensity distribution structures).

Fig.3. Image of the coronagraphic mask illuminated by a
diffuse white light source. Black arrows point toward defects
to the polishing of the two glass plates, which was not peeci¢bubbles) produced by an optical oil used to avoid humidity i
enough (thickness fierence). This phase-shift error can be reiftration. At the cross intersection, a faint defect &eating
produced by a numerical simulation (right side of Fig[ire 2Zhe coronagraphic performance by modifying the image inten
where we introduced an error ef 10 % on the phase shift in sity distribution (see Fid]4-bottom right).
one direction.

Another shortcoming of the coronagraph is shown i
Figureﬂ%. It turns out that the optical sealing oil has creéate g
some bubbles thatfi@ct the regularity of the interface of the
phase-knives edge. It produces unwantfdats, especially at
the center (see arrows in Figuie 3). The typical size of thes
irregularities is on the order of a few tens of microns and i
comparable to the size of theflfaction pattern. This is proba-
bly the main reason the raw performance of the coronagraph
not as good as predicted by the theory. THeat of these un-
desirable structures after assembling remains uncle¢aouajh
one can reasonably speculate that thdiirai¢tion dfect in the
coronagraphic pupil is negligible compared to the expettted
bulence degradation for on-sky observations.

PSF Corono

3.2. Laboratory rejection measurements

The coronagraphic bench was first qualified in Iaborator(yrpriF_ 4. Too-left: the 3D . fth hi
to on-sky tests, under the same optical conditions (define@‘ - 1op- _t't € rep_resentatlono the non coronagraphic
F with a linear intensity scal&ottom-left: the 3D repre-

F/D = 30 ratio). The tests were made using an HeNe la er

source (6338 nm). Due to the defect near the center mentiong§ntation of _th_e coronagra}phlc PSF, normahzed_ 0 _the non-
in Section[B, the nulling féect is less than theoretically ex-coronagraphicimage peak intensitp- and bottorm-right: the

pected (a few tens of thousand extinction according to numgprrespondlng 2D images, but \_N".[h ‘WOHF“'V?”F photometric
ical models). The rejection measuring procedure involedis c scale_s, S0 that th(_e c_oronagraphlc image is visible. The-meak
brated optical densities (Abe et BT, 2D03) to measure thediux P€aK intensity ratio is- 1000.

the source on- andfiaxis. This gave a peak-to-peak intensity

ratio of ~ 1000 (Flgure[|4) for the nulling performance. not have any real-time turbulence correction system suelmas

adaptive optics system or even a tip-tilt mirror.

The refractor objective lens is an achromatic doublet opti-
mized for the 560 nm wavelength. In our case, the advantage
For on-sky observations, the coronagraph has been irgtlleof having no central obstruction had a counterpart: a residu
the focus of the 50 cm refractor of the Observatoire de Nicghromatism strong enough to hamper the image focus on the
with F = 7.5 m (F/D = 15). However, an additional 25 cmcoronagraphic mask. ltgfect on the coronagraphic rejection
aperture diaphragm turned out to be necessary, since we was then evaluated numerically.

4. Prior to on-sky tests
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Phase mask Beam splitter (80/20,
200 L T TR "x Lygt:s‘,p (focal plane) g ( ‘ )
L »
L *
_ 150 5,
2 [ % *
= 3 X
= F*
T 100+ *
o *
S «
o L
x *
w r *
50} %ﬁ%{ ¥
L X

500 550

Wavelength (nm) Fig. 6. Coronagraphic optical bench (see text for details). The

refractor’'s bonnette is out of frame on the right side, arel th
dsrﬁ:ience camera is out of frame on the left side. The lightprop

Fig.5. Curve showing the wavelength-dependent extincti :
J ¢ g P agates from right to left.

(max( referencd/ MaxX( coronagraph) (Stars) due to the refractor fo-
cus chromatism and the extinction limit (dashed line) fa th

whole spectrum (polychromatic coronagraphic image), tvhic

only reaches- 30. The vertical scale has been truncated (be- o ) ] )
cause the pure performance would be limited by the componBl@ced to eliminate the light firacted out of the geometrical
itself to approximately 1000). A spectral filter would cligar PUPIl (S€€ Fig[l).

increase the extinction limit potential between 550 nm and

>90nm. 4.3. Acquisition software

ical | for the ref , dual The acquisition software was written in+@ with a graphical
41 Numerlcg model for the refractor's residua user interface (GUI). It drives a dual channel acquisitioaro
chromatism effect that accepts two standard CCIR signals with independehtgra

The graphs in Figurﬁ 5 are derived from a numerical simutati@€rs- The software handles the simultaneous acquisitions f

made with the main characteristics of the refractor. It espes POth cameras in real time with a multi-threaded architectur

the extinction performance at each wavelength. The curila©€Veral indicators can be optionally toggled in order tdlifac
extinction is also given, while integrating the images over tate the fine tuning of the experiment. There are two availabl

whole spectral bandwidth. Although the overall broadbaad eM0des:

tinction ratio performance is far from optimal (up to orl\30),

we carrled out a complete on—sky test ur_1der these co_nd;tlon§ A continuous recording of all the images in RAM memory:

essentially to match the predicted observing paramet@issty this mode, images from both cameras are recorded and

real observing conditions. saved in memory, up to a capacity 061GB. This mode is
useful for dark and flat recordings, or to assess the atmo-

4.2. Optical set-up for on-sky tests spheric turb.ult_ence conditio_ns (image motion for example).

_ _ _ _ — An automatic image-selection mode: the user sets a thresh-
Figure[p shows the coronagraphic optical bench designeel to b o|d that has to be first calibrated (see below). In this mode,
fitted to the bonnette of the 50 cm refractor. A beam-splitter memory is saved because 0n|y “best” images are kept, SO
reflects 20 % of the converging beam coming from the refrac- that the exposure length can be greatly optimized. The se-
tor onto a monitoring camera (a SONY XC-EIS0 CCD cam- |ection criteria are based on flux considerations during the
era with 768494 84x9.8 um pixels) The remaining 80 % are  acquisition, although the post-acquisition image setecti
transmitted through the coronagraph to the science caraera ( was diferent (which will also be implemented in future ex-
SONY XC-HR8500CE CCD camera with 78874 83 um periments).
square pixels, out of frame in Figuﬂa 6). Both cameras de-

liver standard CCIR video signals. An astigmatism abesrati . o o
is introduced by this beam-splitter. However, the phasekmas [N both modes, the millisecond timing of all acquired im-

is not sensitive to it (Abz) so that the coronagraphie p@des are recorded in separate text files in order to keepafack
formance should not be degraded. The phase mask compo#fgage-arrival timing and avoid synchronization errorsidgr

is placed at the focus of the refractor. A relay lens re-insagénage analysis.

both the primary focal plane (onto the science camera’'ssdete  Optionally, the software can send external correction com-
tor with a magnification of 1) and the pupil plane. At this remands to the refractor guiding system, in order to keep #e st
layed pupil plane, an iris diaphragm (Lyot stop) with a diéene centered on the coronagraph axis. The frequency of coorecti
20 % smaller than the geometric image of the entrance pupihminly compensates for slow drifts (L Hz).
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5. Observing procedure chosen threshold, the corresponding coronagraphic intage f
the science camera is rejected. The remaining images are co-
added to produce the “long-exposure” coronagraphic image.

L o ) The OP has to be assessed accurately before each obser-
tuning is necessary once it is plugged in to the refractoe TOati

29 . on run by recording 5000 frames from both the monitor-
focal mask fand the Lyot_stop Iongltudmal_ positions wereetiin ing and science cameras. First, a “long-exposure” imagb-is o
bi?ifor:(? S]Earnnn dgv(\?rt:if err\rqat';?tn?i'n-rhtimmﬁt;\r/ne phaﬁ_ehm:isfk PO tained by co-adding all the 5000 science-camera framekeln t
;ogitioi ics)ucoherenet wi?h tr?e fc?cuseppousFi)tion Zlgt(iar.nateed(‘;(?Jﬁgiilgzt resulting image, the cross pattern of the phase mask ishlear
o visible, and the optical center of the coronagraphic im c
Foucault method, corrected from the focus shift introduzgd P grap aye

! be marked unambiguously.
the 6 mm glass plate of the phase mask (Fl@re b Since the precise image selection procedure is not per-

formed during the observation itself, the OP on the momitpri

5.1. The image-selection process camera is set according to its correlation with the imagaes fr
) ) . ] _the science-camera having the highest extinction ratiothe

In this section, we propose an algorithm for image seledtion ot gata analysis, a refined determination of this cdicelas
reduce the speckle noise in the coronagraphic image, asd tEl%‘rformed. To further improve the robustness of the propose
to improve the signal to noise ratio for a companion detmt'omethod, an internal (stable) calibration source shoulddeelu

to accurately set the OP and even to allow precise image-selec
5.1.1. The speckle noise tion in real-time. In the present work, the determinatiorhef

OP position could only be set on a pixel scale basis (with an
We call “speckle noise” the random speckle pattern due to dimage selection radius of 0.5 pix at best).
torted angbr tip-tilted wave-fronts. These random structures
become a noise source when the exposure time is not long
enough to smoothe them in a uniform halo. Unfortunately, tfie Application to observation data
wavefront distortions induced either by atmospheric tighoe
andor by instrumental aberrations do not generally smoot . ) . . . e
out, since they may have long time-scale variations (MaebisnOt be considered as optimal. Despite rapid seeing vangtio

al. P003b). These residual speckles are the major Iimitatio\?v raesl;T;r?cE);)t/ ;I\lljvz tg f?:;:r;??r']ag\'/tgrdes\r’:/g:tdz;(aocs:ﬁrrgggnpeak
to the identification of the science target signal, esplcial ys p y P

the point-like source detection context (companion dasayt from high-altitude clouds was also perceptible, with a et

since speckles have the same size as tfiiadtion pattern. The able gfect (halo) on the stacked images (see below).
removal of such structures can be achieved Iffgcéntial tech-

nigues, but even in this case, residudetiential defects might 6.1. Observation of HD 80081 (binary star)
still exist. The latter is discussed in several papers (Raei

al. [1999; Marois et al[ 200Ba; Marois et BI. 2004). Since iHde data under consideration in this article were obtained o
speckled halo is partly correlated to the non aberratéicadi  March 3, 2004. The target we chose for this test of methodol-
tion pattern (Bloemhdf2094; Aime et 1. 2004), its conttibn 09y Was HD 80081, a binary star with a primary magnitude
can be diminished by the use of a coronagraph. Vi1 = 3.9, secondary magnitudé = 6.6 (AV = 2.7), and sep-

In this context, image selection coupled to coronagrapﬁ{/ation 27”. The orientation on the sky of the se(_:ondary com-
can be a useful method of increasing the detection limitesinoNent was known, and the coronagraph was oriented so that it

the speckle pattern will have a lower intensity due to thener didn’tfocus ona“blind area” of the phase mask (45" rel-
agraphic attenuation, which is kept under a fixed level (beea ative to the mask aX|s)-. Indeed, |nve§t|gat|ng the unknowE}m
of selection constraints) and therefore contributes toweeto phology and complexity of a target is hampered by the “blind

speckle variance at a given distance from the optical aris (Sareas” of the fqur quadrant phase mask, adding a réatulty
Racine et aI9, Eq. 11b). to data analysis. Note that the secondary component was not

visible in single science-camera snapshots, due to theaetd
noise (3N less than unity), and was hardly visible with the
5.1.2. The image-selection algorithm monitoring camera. As already mentioned, no real-time -guid
ing correction was active on the refractor, so that the image
election post-processing became mandatory. For coroparis
igureﬁ shows the monitor camera exposure and the corre-
onding coronagraphic image. Image generation and asalys
& detailed in the following paragraphs.

Prior to the observations, the optical components wer@atlg
to the bench’s mechanical axis in laboratory, so only min fi

I%n the nights of observations, the atmospheric conditionic

The image-selection process involves only the monitorarg-c

era images, instead of relying on flux considerations froen t
science camera (coronagraphic) image. It works as follo
From each monitoring camera image, we compute the distala
from the photometric centeof the object to a pre-computed

operation point (OP). When this distance exceeds a cayefull
6.2. Data cube analysis

1 Standard centroid determination algorithms can be appli¢tal ] _ ) )
a high level of confidence, especially when the stellar carigmais We performed the image selection procedure described in
faint enough to be invisible on individual snapshots. Sect[5]1, with increasing values of the distance threshid
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speckle

companion

(a) (b)

Fig.7. On-sky data of HD 80 081(a): without the corona-
graph (monitoring camerafl): with the coronagraph (science 5F
camera). This image was obtained by co-adding 126 frames se-
lected among the 5000 recorded frames, using the seledtiona  4¢
gorithm described in Se.2. The companion appeardylear
in the coronagraphic image.

Intensity ratio

thus increasing numbers of retained frames. Figﬂlre 9 displa

the resulting coronagraphic images. g
In order to check theflciency of the proposed selection 1

method, we compared the peak intensity of the HD 80081 E

secondary component with the peak intensity of the brightes ot . . . . . . . . . . . |

residual speckle (Figufg 8-b). This ratio of intensity istfed 0 Disfance threshold ‘f‘or selection (pixﬁe )

as a function of the selection threshold in Fig[jre 8-a. This i

lustrates the gain provided by the selection method whigh-ov (b)

comes two #ects:

oo Lovvvn b i b b

Fig. 8. (a): The final coronagraphic image showing the bright-
est residual speckle of HD 80081 (emphasized by a white
— the apparition of bright speckles due to unconstrained tipircle surrounding it) and the clearly visible companion of
tilt jitters that move the primary star's image out of thédD 80 081.(b): The intensity ratio between HD 80 081’'s com-
coronagraphic rejection zone; panion and the brightest residual speckle after coronagrap
— the flux dilution of the target peak intensity that tends tas a function of the distance threshold in the image selectio
lower the diference between the target peak and the resjgrocess (see Set. 5]1.2).
ual bright speckles mentioned above.

. , . — the average profile of the the monitor image along the di-

These éects are clearly visible in the Figuf¢ 9 IMAgES,  rection of the d-axis companioh(dash-dotted curve);

where in the last Ior)g exposure (almost all frame; are inte- e same with the coronagraphic image (dotted curve):

grated), the companion of HD 80081 cannot be disentangled the radial median profile of the coronagraphic image

from the coronagraphic image halo with the additional cenfu (dashed curve);

sion that another bright speckle, symmetric to the HD 80081 {he sum of solid and dotted curves (light grey curve), which

companion position has appeared. is consistent with the dash-dotted curve.

The peak-to-peak intensity ratio between the coronagcaphi

and direct image was measured to approximately 30, whichlisis comparison allows us to confidently conclude that our

consistent with the numerical estimate mentioned in t. goronagraphic data are consistent and that the bright Epeck

(see Figurg]5). is the companion of HD 80 081. These results clearly show that

the central star PSF halo has been attenuated and that the sta

) is not simply masked by the coronagraphic mask. If there were

6.3. Data consistency checks no coronagraphicfeect, then the intensity distribution at the

To complete the data reduction, we also checked the resut Cgompanion location would be similar to the dash-dotted eurv
The attenuation factor at the companion locatieng/D) is

sistency with the long exposure image. Fig@e 10 shows akver

radial profiles for exposure (b) of Figuﬂa 9 with 126 selected while it reach_es 10 clos_er 'FO the optical axis-(41/D),
frames and a selection radius of Qixels: where the theoretical transmission of the four quadrans@ha

mask isx 90%.

— the radial median profile of the non-coronagraphic monitor2 we averaged the radial profiles within a small sector coirigin
image (solid curve); the secondary component of HD 80 081l.
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-. -. -.
(d) (e) (®

Fig.9. Coronagraphic images generated with increasing valudseo$élection distance threshajdin pixels and in units of
/D) and thus with an increasing number of retained frames. &$idual speckles become brighter, thus reducing the coimpan
detection @N. (a): 7 = 0.5 px= 0.251/D (~ 80 frames); (b): = 0.7 px= 0.351/D (~ 130 frames);(c): n = 1.0 px=051/D

(~ 250 frames);(d): n = 2.0 px= 1.01/D (~ 900 frames);(e): n = 4.0 px= 21/D (~ 2750 frames);(f): n = 8.0 px=41/D

(~ 4500 frames).

1.0000 £
0.1000 -
0.0100

0.0010 £
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0.0001

20
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7. Conclusion and future prospects

We have presented the first on-sky results of a visible achro-
matic hybrid phase knife coronagraph. The extinction perfo
mances, limited by the refractor’s residual chromatismtaond
modest, were found to agree with the numerically predicted
value ¢ 30).

We demonstrated on real data théiaency of the image
selection algorithm we propose in order to increase theasign
to noise ratio and ease the detection of faint companions. Th
selection method provides affieient way to extract the scien-
tific information by preventing bright speckles from appegr
and confusing to the image interpretation.

This encouraging experimentis now envisaged for a test in-
strument at Dome C (Antarctica). The instrument is expected

Fig. 10. Comparison of image profiles derived from exposut® benefit from difraction-limited images while the current im-

(b) of FlgureE) See text for details.

age selection system is being implemented. Furthermore, we
plan to combine this optical system with a high-speed, high-
efficiency photon-counting camera that is under construction
at the “Laboratoire Universitaire d’Astrophysique de Nice
(LUAN). We will therefore benefit from quasi-absent readout
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noise and good temporal sampling of the atmospheric turbu-
lence. The hostinstrumentwill be a 14-inch C14 telescople wi

a modified entrance pupil (Lloyd et 03) in order to keep

a maximal coronagraphic performance despite the central ob
scuration (with a lower transmission).

In addition to this gain in transparency, seeing conditions
and chromatism reduction (due to the use of a reflector), this
new device at Dome C will allow long integration periods dur-
ing the polar night. This mission is also a test experiment af
ter the success of smaller optical instruments alreadgdestt
Dome C for monitoring the seeing (Aristidi et 03).
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