GraF Integral Field and Long Slit Spectroscopy with the ESO3.6m/ADONIS/SHARP systemA. Chalabaev1, E. le Coarer1, P. Rabou1, Y. Mignart1, P. Petmetsakis1, D. Le Mignant1,21 Laboratoire d’Astrophysique, Observatoire de Grenoble, BP 53X,F-38041 Grenoble Cedex, France2 European Southern Observatory, Casilla 16317, Santiago 19, Chile_______________________________________Abstract - We present the test results of the GraF instrument built at Grenoble for spectro-imaging at high angularresolution with the ESO 3.6m/ADONIS and the 256x256 pixels SHARP camera. The instrument is operated in the 1.2 -2.5 mm spectral range. It uses a Fabry-Perot interferometer (FPI) cross-dispersed with a grating, and provides the integralfield spectroscopic capability, projecting on the detector several simultaneous monochromatic images of the field (windows).The necessity of such a capability for spectroscopy at high angular resolution is stressed and illustrated on test astronomicaldata and their deconvolution. The instrument provides 17 windows of 0.5" by 9" in the J band, 10 windows of 0.9" by 9" inthe H band, and 8 windows of 1.5" by 12" in the K band, with the platescale of 0.035" in the J and H, and 0.05" in the K.The spectral resolution of windows is about 20000 in J, 10000 in H, and 7000 in K. The spectrum recorded in one exposurecorresponds to the transmission pics of the FPI. The interorder space is covered in a sequence of exposures varying platespacing of the FPI, providing a spectro-spatial cube of data equivalent to 18002 pixels. The instrument is easily modular. Itconverts to a classical long slit spectrograph, useful for observations of simple geometry objects such as binary stars, and toa direct imaging camera. This modularity proved to be very useful at the telescope, allowing to acquire in the same sequencethe image, the long slit spectrum, and the {x, y, l} - map of the field. The measured limiting magnitudes in the spectro-imaging mode, for S/N = 5 and the exposure time 1 min, are respectively J/H/K = 8.5/9.4/9.3; in 5 min one gets J/H/K =10.4/12.5/10.0. In the long slit mode, in 30 min exposure and with a high dispersion grating (300 mm-1, R = 4000), onegets J/H/K = 12.1/12.9/11.5. With the low dispersion grating (35 mm-1, R = 800) , available for the J and H bands, thelimiting magnitudes are J/H = 14.5/15.4. The detector flat-field response, the instrumental thermal background, the point-spread function and the deconvolution results are presented and discussed. The instrument potential is illustrated by the dataand astrophysical results obtained on a tight binary GU CMa and on the exploding star Eta Car._______________________________________1. IntroductionThe design of the ESO ADONIS system (Beuzit et al. 1997) included the "visitor instrument bench", providing animportant possibility of adding observational modes not foreseen or not initially budgeted. Spectroscopy with the adaptiveoptics was already offered by two SHARP camera pre-focal Fabry-Perot interferometers (FPI), with the spectral resolution Rof 900 and 2300, operating in the K band by order selection and spectral scanning. However, a number of astronomicalprogrammes required to extend these possibilities further to the J and H bands, and to a higher spectral resolution. Forinstance, a precise spectral classification of stars later than A is based on the metallic lines in the H band (cf. Dallier et al.1996, Meyer 1996), while the typical velocity broadening for the lines of the circumstellar environment is often less than100 km/s (see e.g. the spectro-imaging of planetary nebulae, Cox et al. 1997, or of the DG Tau jet, Lavalley et al. 1997),requiring R of 10,000 or more. The spectral specifications had to be combined with a reasonably large field of view not lessthan 1" - 2" at the shortest dimension, sampled at 0.035" and 0.05". These were the rather ambitious starting points of theGraF project (Chalabaev and le Coarer, 1994), which could be met only with an appropriate choice of the optical set-up forspectroscopy under adaptive optics.Indeed, used in combination with high angular resolution technics, spectroscopy must necessarily have simultaneousimaging capability, already because the objects of interest are resolved, thus extended. Furthermore, the recorded image oftenexhibits features on a scale close to the angular resolution, so that "cleaning" for the instrumental point-spread function(PSF) of the experience is essential, implying the use of image restoration technics and the knowledge of the PSF. The latter, in the conditions of the ground based astronomy and in the spectral range under discussion, is known to suffertemporal variations at the time scale of minutes, or shorter, so that the use of image scanning technics in the focal plane,such as a long slit spectrograph, makes the subsequent image restoration unsure. The solution one naturally comes to is torecord the flux distribution simultaneously on the {x, y, l} axes, using the technics of integral field spectroscopy, alias 3D-spectroscopy (hereafter 3Ds). In the frequently encountered case when the object is point-like in the continuum and extendedonly in selected wavebands (e.g. gas around a star or a galactic nucleus), the imaging over the wavelength spectrum providesthe measurement of the angular PSF in the continuum simultaneously to the image of the extended emission recorded in thespectral line. This important advantage substantially reduces the level of the deconvolution artifacts (cf. the discussion of thedifficulties of the time delayed PSF calibration elsewhere in these Proceedings).However, the contiguous 3Ds technics, when the {x, y, l} data cube is recorded in one single exposure (Weitzel et al1994, Bacon et al 1995, OASIS on Web; the Web references are given at the end of the article), are expensive in terms ofthe detector pixels number, and so far offer a modest FOV and/or spectral coverage. For instance, the VLT 3Ds instrumentunder adaptive optics SINFONI with a 10242 detector will have a FOV of 25 x 25 (SINFONI on Web), or 0.6" x 0.6" whensampled at half of the diffraction limit of the 8 m telescope. A contiguous 3Ds technic with the 2562 pixels SHARPdetector would give the field and/or spectral coverage far less than acceptable. Projecting a part of the {x, y, l} data cube onthe time axis offers then a more appropriate solution. At this point, one can notice that contrary to the rapidly varyingangular PSF, the spectral characteristics of the experience and of the object are in general slowly varying quantities, they canbe calibrated on a hourly scale and recorded in a time sequence. The specifications of the FOV and of the number of spectralpixels we wished GraF meets led us to prefer a 3Ds set-up with partial projection of the spectral axis on a time sequence,namely a grating spectrograph cross-dispersed with a FPI. While the {x, y} coverage of the field is contiguous in a numberof "slot" windows (see Fig. 2), the l-axis of one exposure is recorded only in several transmission pics of the FPI, theremaining spectrum being acquired in a series of exposures in 50 steps ("pixels") of the FPI. The overall spectro-spatial cubeformat {x, y, l} is therefore 256x256x50, or the equivalent of a 18002 detector. The typical values for the FOV are 30 x256 pixels, with 8 spectral pixels acquired in one exposure, times 50 "pixels" projected on the time axis (see Section 2.1 forthe wavelength dependance of the window parameters). The spectral resolution can exceed 10,000.The instrument is compact, fitting into the small 1.5 m by 0.5 m room at the ADONIS visitor equipment bench,and into the light 30 kg weight budget. Further details can be found on the GraF Web page (referenced at the end of thearticle), in Chalabaev and le Coarer (1994, 1995) and le Coarer et al (1996). The set-up was originally described by Fabry(1905). Its integral field spectroscopic capability was noticed and first exploited by le Coarer et al. (1993).In this paper, after a brief instrument description, we present the test results and first astronomy with GraF/ADONIS.It is one of the first integral field and long slit spectroscopy experience with the adaptive optics, and the lessons learned maybe useful for future projects in the field.2. Instrument Description2.1 3D-spectroscopic capabilityThe GraF optical layout and the illustration of its 3Ds property are given respectively in Fig. 1 and 2. The FPI isplaced in the parallel beam of the grating spectrograph after the focal rectangular aperture and the collimator, and in front ofthe grating. The FPI acts as a multi-passband quasi-monochromatic filter, removing the light in between its transmissionpics and thus freeing the corresponding space for the image elements. The grating disperses the light passed by the FPI, andthus sorts the images of different colors on the detector. The images superimpose, with a wavelength shift corresponding tothe FPI interorder, which, by means of the grating reciprocal dispersion and the imaging platescale, translates into the shifton the detector, and turns out to be the width of the free FOV. To avoid the confusion, the image width is therefore limitedby the rectangular mask ("a large slit") in the spectrograph input focal plane. One can say that GraF is "a long and large" slitspectrograph. There is an absolute upper limit on the window width. Measured in the units of the angular resolution (oneimage element), this limit is equal to the FPI finesse, as one would expect since this is the number of spectral elements onepayed off to get the imaging capability. For the finesse 20, and the image element 0.12" (3.6 m telescope, l=2.2 mm), thisgives the limit of 2.4". In practice, the dispersion is such that the FPI resolution element is dispersed on not more than 2detector pixels, which gives, for the chosen FPI and grating parameters, the window width of 1.5" at l=2.2 mm. The valuesof the FOV width for different wavelengths are summurized in Section 2.2. In the direction perpendicular to the spectraldispersion, the FOV is not affected, so that its height is given by the camera format and the platescale, being about 9" at 35mas/pix and 12.8" at 50 mas/pix.The spectral resolution is defined by the FPI plate spacing and the finesse. We use a Queensgate FPI with the platespacing of 500 mm and with the finesse which varies around 20 in the spectral range from 1.2 to 4.6 mm, although the effective operation range of GraF is limited to 1.2 - 2.5 mm. The spectral resolution is about 7000 at 2.2 mm, about 12,000at 1.7 mm and about 20,000 at 1.3 mm.

10 cm

Input f/45 beamfrom ADONISFabry-PerotInterferometerFieldRotatorFocal 2D-slitGratingCollimatorSpectrograph cameraOuput f/45 beamto IR CameraGraF Optical layout

Fig. 1 - The layout of the GraF implementation at the ADONIS visitor’ bench. The dimensions of thespectrograph support (grey) are about 1.50 m by 0.50 m.

Spectral dispesrionFOVGraF {x, y, l} cube

Time (channel) sequence

in the adjacent orders. The effect is particularly troublesome if one measures a faint absorption feature in the selected orderwith a strong emission present in the adjacent orders. Sorting the orders by cross-dispersion allows a more clear monitoringof the possible contamination.1.41.21.00.80.60.4

Flux (arbitrary units)280260240220200180160Channels

Fig. 3 - A spectrum of the Br

line in a standard starr, extracted from a 3Ds GraF scan. Channel-to-channel signalvariations (solid-dotted line) are corrected imposing invariance in average of the signal in the continuum (solid line).The star is HR8353, B8III, K = 3.3, exposure time per channel 10 s, taken on Nov 14, 1997.2.2 Observing modesRemoving the FPI out of the beam converts the instrument in a classical long slit (LS) grating spectrograph.Although the spatial information along one of the axes is lost, this free of scanning fast mode is useful for objects ofsimple geometry, mainly binary stars. It is also helpful as a cross-calibration spectrum for the 3Ds cube.Finally, turning the grating in the zero-order position, or replacing it by a flat mirror, converts the instrument in theimaging mode, used during alignments, target acquisition, fine pointing, and imaging.The parameters of the 2 spectroscopic modes are summarized in the table below. The limiting magnitudes are givenin Section 3.6, and the observing procedure is presented in Section 4.3Ds modeLong Slit mode

R = 7000-25000 (decreasing with

FOV :J : 0.6� x 9� H : 0.8� x 9� K : 1.5� x 12�Exposure time per channel: 1 - 5 minNumber of channels : 10 - 50Cube acquisition time: 20 - 60 minGratings : 300 et 600 mm-1Parameters @l = 2.2 �m- 300 mm-1, disp = 0.15 nm/px, R = 3700- 600 mm-1, disp = 0.06 nm/px, R = 7000Typical exposure time: 1 - 30 min

2.3 Implementation at ADONISThe GraF instrument is mounted at the "visitor bench" of ADONIS, fitting in the space about 150x50 cm (Fig. 1).A flat mirror deviates the ADONIS f/45 beam into GraF, and another flat mirror sends the GraF processed beam withinnominal specifications to the SHARP camera. The two mirrors are mounted on the same support with precise positioning.Removing the mirrors is a simple operation, allowing if necessary regular ADONIS imaging observations.The instrument control electronics box is mastered by the ADOCAM software, written by F. Lacombe. The GraFversion of ADOCAM includes the usual ADONIS observer commands (On-Off mirror movements, SHARP camera optics,detector exposure, display, etc.) and the commands specific to GraF (slit width, FPI in and out, FPI scanning, gratingmovements).3. Test results3.1 GeneralAfter the lab tests at Grenoble, GraF was extensively studied with ADONIS/SHARP in the lab at La Silla, andfinally tested on the sky with 3.6 m telescope/ADONIS/SHARP during 4 nights in July and November 1997. The

conclusions worthwhile to mention here are the absence of optical quality degradation within the nominal 12.5"x12.5" field,the mechanical flexures low enough to allow exposures up to 1 - 2 hours, and the low level (0.5%) and clear separation ofthe ghosts in the 3Ds mode. The wavelength calibration and the spectral settings showed to be stable.The detector properties, namely the dark charge on long exposures, the response calibration on the flat-field, and theinstrumental thermal background are discussed in more details below. Let us to mention here that the "cosmetic" propertiesof the NICMOS chip, in particular the sporadically "hot" and "dead" pixels make the data reduction sometimes cumbersome,and always time consuming.3.2 Detector Dark Charge and Response on a Flat FieldThe dark frames of the SHARP detector with the exposure time longer than about 5 min, taken in a series, exhibitdifferent levels (see Fig. 4). The possible reasons are the imperfect charge transfer, or/and cooling of the detector with nolight on from one dark exposure to the next one. Consequently, the procedure established to obtain the darks useful for thedata reduction consists in exposing the detector to the instrumental emission before obtaining a dark frame, which is close tothe conditions of the exposures on the sky.

distribution of energy across the slit will necessarily have varying fringe phase. This fact must be taken into account beforethe observer decides to use the apparently simple long slit spectroscopy under adaptive optics.The high frequency "cryostat window" fringes are badly eliminated by the simple object to flat-field division. Aspecial data reduction procedure of extraction of the fringe system remains to be developed. Given that the amplitude of thesefringes is low and the frequency is high, so far a simple smoothing is applied to remove them, albeit at the price of a smallspectral resolution loss.

3.3 Point-spread function and the "adaptive optics bumps"In the 3Ds mode, for a given GraF window, the output ADONIS "white" PSF is multiplied in the spectral domainby the FPI transmission and dispersed by the grating. The final PSF is elongated in one direction. The grating dispersion ischosen so that the FWHM of the FPI transmission pic corresponds to about 2 pixels on the detector, the actual valuedepending on the used spectral range. This additional convolution reduces the angular resolution along the axis of dispersion,however the effect seems to be weak, especially if the image can be deconvolved by the PSF in the continuum windows.

Pixels

Pixels

Pixels

Pixels

Fig. 8 - Elimination of the instrumental halo (diffraction rings and "bumps") by deconvolution. The object is HRCar, exposure 120 s, 1 frame out of 20 frames scanned around 2.1655 mm, Nov 16, 1997. The images arenormalized to the maximum. The central window is on the Brg line the two adjacent windows are on thecontinuum. Left: before deconvolution, contours are at 0.5, 1 and 1.5% above the background level. Right: afterdeconvolution (see text), similar countour levels. Plots: Signal the maximum, plotted in two flux scales.

The example given in this section shows that indeed such a deconvolution eliminates quite properly not only theelongation, but also the diffraction rings and, quite importantly, the "adaptive optics bumps" (or the "adaptive opticsspeckles", see elsewhere in these proceedings). The latter are troublesome in astronomical studies of faint knots and haze, asillustrated in a sequence of the ADONIS output PSF given in Fig. 7. A halo of the "bumps" at 1-3% of the maximum andtheir temporal evolution are well seen. The Fig.8 shows the GraF window images before and after deconvolution. Theobject, HR Car, has a strong emission in the hydrogen 2.1655 mm Brg line, the flux at the maximum being about twicethat of the continuum. The central window is centered on the hydrogen emission, the two other windows being at theadjacent continuum. These windows display the elongated PSF (Fig.8, left image) . The contours at the very low level (0.5,1 and 1.5 % above the background) show the halo due to the seeing and the "bumps". After the deconvolution, using thePSF of the continuum, and 10 iterations of Lucy algorithme (Lucy 1974), the halo around the stellar image is reduced to thelevel less than 1% of the maximum outside the cercle of 0.2" of radius, and less than 0.1% outside the cercle of 0.25" (cf.Fig. 8, right image, and plots).Another example of a successful deconvolution of the GraF data, obtained on an astronomical object of a complexbut well known geometry (Eta Car) is discussed in Section 5.3.4 Thermal background in the K-bandWith the low level of the read-out noise (RON) of modern detectors, observations in the K-band may be limited bythe photon noise of the instrumental thermal background. This is particularly true for a grating spectrograph at ambienttemperature. The limited mechanical room and weight budget on the ADONIS visitor bench excluded implementation ofcooling. On the other hand, given the high spectral resolution used and the small spectral range covered at one setting, thebackground radiation on the detector can be reduced using a cooled narrow-band filter for observations in the K-band. Theestimates showed the penalty in the limiting magnitudes being still acceptable (le Coarer et al 1996). Finally, theinstrumental background flux, measured on a blank sky at l=2.2 mm, was found even less than the project conservativeestimates, and equal to 100-120 ADU in 1 min (or about 1000 photons/min), both in the LS and 3Ds modes with the CVFas the blocking filter. The corresponding noise is 3.4 ADU (cf RON = 3.7 ADU, or 35 e). Thus, for exposures less than 1min, the GraF observations are RON limited. Note that 1 min is the recommended exposure time for the 3Ds mode. Forexposures longer than 3 minutes, relevant for observations in the LS mode, the noise is dominated by the thermalbackground. The limiting magnitude is penalized by 1.3 mag for the typical deep LS exposure time of 30 min.3.5 Limiting magnitudesThe measured at telescope limiting magnitudes are given in the Table below for two S/N ratios corresponding todetection of faint features and to quantitative spectroscopy, for conservative AO correction values (SR=0.2-0.3). The figuresare given for the 300 mm-1 grating. For the 35 mm-1 grating (long slit mode only), add 2-2.5 mag, and for the 600 mm-1grating, subtract 0.75 mag in J and H, and 0.4 mag in K. The instrument efficiency is very close to the theoretical estimate (le Coarer et al. 1996), i.e. 50% in the worst caseof the 3Ds mode, when all optical parts are in the beam. In the J and H bands, the dominating noise at low flux levels isthat of the read-out. In the K band, as we already mentioned, this is also the case for exposures less than 1 min, and forexposures longer than 3 min, the dominating noise is due to the thermal background.ModeExp.time min.S/N=5S/N=30S/N=5S/N=30S/N=5S/N=30

3Ds8.56.79.47.59.37.3

10.48.512.510.010.08.0

Long Slit

10.68.711.49.510.68.5

12.110.212.911.011.59.6

4. Observing procedure and time budgetIn the 3Ds mode, a typical set of observations consists of the following exposures:- direct image of the field- long slit flat-field- long slit wavelength calibration- long slit spectrum of the object- 3Ds flat-field cube- 3Ds wavelength calibration cube- 3Ds cube of the objectThe indicative time budget and the observing sequence are as follows:1. LS only dataset, typical total time (and possible range)20 min (15-40 min)Overhead total:ca. 10 min- Telescope pointing, grating setting, Calibration lamps On 3 min- LS Flat-field frame, WCal frame3 min- ADONIS loop closure3 minTypical Object exposure time:5-30 min2. 3Ds dataset, typical total time (and possible range):60 min (40 - 90 min)Overhead total:15-20 min- Telescope pointing, grating setting, Calibration lamps On 3 min- LS Flat-field frame, WCal frame3 min- 3Ds cube Flat-field cube, WCal cube6 min- ADONIS loop closure3 min- FPI channel-to-channel overheadca. 10 sTypical Object exposure time per channel:0.5-3 minTypical number of channels:15-50Typical data cube acquisition time:20-70 minSpecial overhead : FPI plates parallelism adjustment (end of afternoon and middle of night)10 min5. First Astronomy with GraF/ADONISDuring the last test nights we observed a sample of objects prototypical of the GraF/ADONIS programmes. Two ofthem are presented here.A tight binary GU CMa, supposed to belong to the class of the Ae/Be Herbig stars, was previously studied withADONIS JHK imaging by Corporon (1998). He measured the separation of 0.66", and the K magnitudes of 6.58 and 8.08respectively for the primary and secondary components. The GraF long slit frame at

= 2.1655 m and the extracted spectraare shown in the Fig. 9. The primary exhibits the hydrogen Brg line in emission, while the secondary has a photosphericabsorption line. It appears surprising that the binary components, supposingly formed together and having similar masses(sp. class B deduced from to the spectral distribution of energy, Corporon 1998), have such a significant difference inbrightness and spectrum. A plausible explanation, as suggested by Yudin (1998), is that the primary is a classical Be stars,implying an evolved status for GU CMa rather than the pre-main sequence status of Ae/Be Herbig stars.

GUCMaA

GU CMa B

Fig. 9 - Upper left : ADONIS/GraF long slit spectrum of a binary star GU CMa (K1=6.1, K2 = 7.6,separation 0.66�). The exposure time 5 min, grating 300 gr/mm, spectral resolution of about 5000, setting 2.1655�m, S/N = 60. Upper right : The plot of the signal in the spatial direction. Note the presence of disperseddiffraction rings and clear separation of the components. Bottom: Reconstructed spectra of the companions. Notethat only the primary shows the hydrogen Brg emission. The residual fringing on the primary spectrum is reducedby flat-fielding from the initial 10% (typical of NICMOS array used in monochromatic light) down to less than 1%amplitude. The spectrum of the secondary is shifted down by 0.2.The second example is the 3Ds data of Eta Car, the exploding star, believed to represent the LBV, or similar phase inthe evolution of (very) massive stars (cf. review by Davidson and Humphreys 1997). Besides the immediate astronomicalinterest, this object is one of the best targets to test the high angular resolution instrumentation. This is due to the presenceof secondary spots to the NW from the central star at the distance of only 0.1"-0.2" (Hofmann and Weigelt 1988), and to theSE at the distance of 0.5" (Rigaut and Gehring 1995). Helpfully, a spatially resolved spectroscopy of the secondary spotsdone with the HST is also available (Davidson et al. 1995). The challenge for GraF/ADONIS was further reinforced by thechoice of the H band, where the adaptive optics correction becomes only partial with the Strehl ratio not more than 0.5. Wediscuss these data in more details in a separate paper of these proceedings (Chalabaev, Le Mignant, and le Coarer), and givehere only brief summary. We choose the spectral range around of 1.68 mm, with the lines of hydrogen Br11, [FeII] 1.6769mm, and FeII lines at 1.6783 mm and at 1.6873 mm (Hamann et al. 1994). In all these lines, the long slit spectrum exhibitsa spatially extended emission with different evolution to the NW and SE. So far, only 1 frame out of the 48 frames of the3D cube was deconvolved, to study the deconvolution in the conditions close to the GraF/ADONIS limits. The framecorresponds to the maximum of emission in the FeII 1.6783 mm line, where the contrast of the secondary spots with therespect to the central star is the best (see Fig. 10). The spectral passband of windows is 0.17 nm (R = 10,000). Thecontinuum sub-image at 1.6704 mm was used as the PSF for the maximum likelihood iterative deconvolution (Lucy 1974).A simple regularisation was done by stopping the process at 200 iterations. No artifacts appear at least at the level of 0.05%of the maximum, while the achieved resolution FWHM = 0.1" is close to the diffraction limit. In the continuum 1.6760mm window, the image appears as a point-like circular source. In the 1.6676 mm and 1.6731 mm windows, it shows someextension at levels less than 0.05% of the maximum. It must be investigated further whether we deal with real extendedfeatures emitting in faint lines, or with the deconvolution artifacts at a low level. The secondary NW spots, although gluedtogether at this angular resolution, are clearly present to the right of the central star in the windows corresponding to thestrong FeII emission lines, and noticeably absent in the Br11 window, confirming the implications derived from the longslit data, and suggesting a different nature of the emission to the NW and to the SE, with more reflexion/scattering and ahigher dust/gas ratio to the SE.

partially supported by the grants from GdR "Milieux circumstellaires". The telescope technical time was provided by ESO.DLM is thankfull to "Soci�t� des Amis des Sciences" for the studentship which made possible his stay at Grenoble.ReferencesBacon,˚R., Adam,˚G., Baranne,˚A., Courtes,˚G., Dubet,˚D., Dubois,˚J.P., Emsellem,˚E., Ferruit,˚P., Georgelin,˚Y,Monnet,˚G., Pecontal,˚E., Rousset,˚A., Say,˚F, 1995, "3D spectrography at high spatial resolution. I. Concept andrealization of the integral field spectrograph TIGRE", A&AS, 113, 347Beuzit, J.-L., Demailly, L., Gendron, E., Gigan, P., Lacombe, F., Rouan, D., Hubin, N., Bonaccini, D., Prieto, E.,Chazallet, F., Rabaud, D., Madec, P.-Y., Rousset, G., Hofmann, R., Eisenhauer, F., 1997, "Adaptive Optics on a3.6-Meter Telescope. The ADONIS System.", ExA, 7, 285Chalabaev A., and le Coarer, E., 1994 : �GraF for ADONIS: Proposal of 3D spectro-imaging option for the ESO adaptiveoptics system", LAOG, Rapport t�chnique n¡˚1Chalabaev, A., and le Coarer, E., 1995 : "Astronomical potential of the Fabry-Perot Interferometers used in the multi-channel mode", in Proc. of ESO Workshop �Science with the VLT�, ed. J. Walsh et I.J. Danziger, Garching, 28June - 1 July 1994, Suppl. Vol. p. 135le Coarer, E., Chalabaev, A., Rabou, P., Magnard, Y., Petmetzakis, P., 1996, "GraF Instrument description", LAOGRapport Technique n¡ 6Corporon, P., 1998, PhD Thesis, Universit� Joseph-Fourrier, GrenobleCox, P., Maillard, J.-P., Huggins, P.J., Forveille, T., Simons, D., Guilloteau, S., Rigaut, F., Bachiller, R., Omont, A.,1997, "Molecular hydrogen morphology, kinematics and excitation in AFGL 2688 and NGC 7027", A&A, 321, 907Dallier, R., Boisson, C., and Joly, M., "A library of H band stellar spectra for tsellar population analysis purposes",A&AS, 116, 239Fabry, Ch., 1905 : C.R. Acad. Sci. Paris, 140, p.848Davidson, K., Ebbets, D., Weigelt, G., Humphreys, R. M., Hajian, A. R., Walborn, N. R., Rosa, M. 1995, "HST/FOSspectroscopy of Eta Carinae: the star itself, and ejecta within 0.3 arcsec", AJ, 109, 1784Davidson, K., and Humphreys, R. M. 1997, "Eta Carinae and Its Environment", ARAA, 35, 1Hamann, F., Depoy, D. L., Johansson, S., and Elias, J. 1994, "High-resolution 6450-24500 A spectra of Eta Carinae",ApJ, 422, 626Hofmann, K.-H., and Weigelt, G. 1988, "Speckle masking observation of Eta Carinae", A&A, 203, L21Lavalley, C.; Cabrit, S.; Dougados, C.; Ferruit, P.; Bacon, R., 1007, "Sub-arcsecond morphology and kinematics of theDG Tauri jet in the [O I] 6300 A line", A&A, 327, 671Lucy, L. B. 1974, AJ, 79, 745Meyer, M. R. 1996, "The Stellar Populations of Deeply Embedded Young Clusters: Near-Infrared Spectroscopy andEmergent Mass Distributions", PASP, 108, 38le Coarer, E., Georgelin, Y.P., and Boulesteix, J., 1993, CFHT Bull. 29, p. 14Rigaut, F., and Gehring, G. 1995, "The inner core of Eta Carinae in the near-infrared", Rev. Mex. A. A., ConferenceSeries, 2, 27Weitzel, L., Cameron, M., Drapatz, S., Genzel, R., Krabbe, A., 1994, "3D: The New MPE Near-Infrared Field ImagingSpectrometer", ExA, 3, 317Yudin, R., 1998, personal communicationGraF spectro-imager, http://www-laog.obs.ujf-grenoble.fr/hra/graf/OASIS integral field spectrograph, http://www-obs.univ-lyon1.fr/~oasis/home/index.htmlSINFONI integral field spectrograph, http://www.eso.org/instruments/sinfoni/