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Abstract From differential tracking techniques, required for appulse observations of KBOs with Laser Guide Star Adaptive Optics (LGSAO), to developing methods for collecting spectra at the precise moment of a predicted impact, each Solar System observation conducted on a large telescope presents a unique set of challenges. We present operational details and some key science results from our science program, adaptive optics observations of main belt asteroids and near earth objects; as well as the technical and operational details of several Keck Solar System observations conducted by other teams: the impact of Shoemaker-Levy 9 on Jupiter, volcanoes on Io, the Deep Impact mission to Comet 9P/ Tempel 1, and recent observations of Pluto’s moons Nix and Hydra. For each of these observations, we draw from our Keck experience to predict what challenges may lie ahead when similar observations are conducted on next generation telescopes. Keywords
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1 Introduction In Sects. 2–5 we present a brief summary of four key Solar System observations carried out by other teams at Keck Observatory. Within each of these sections, we follow the summary with one or more details of the observation and a related perspective (set off in italic type) to be considered by future designers of Extremely Large Telescopes (ELT). Section 6 follows the same format, but, because it describes the work of the authors, we provide more depth and motivation for the Keck observations. In Sect. 7, we conclude with a viewpoint synthesized from the nine perspectives taken from Sects. 2 to 6.
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2 Shoemaker-Levy 9 (SL-9) On July 16, 1994 (prior to implementation of adaptive optics), Keck I was used to capture near-infrared images as the ‘R’ fragment of comet SL-9 crashed into Jupiter. The initial upward velocity (approximately 8 km/s) of the ejecta plume, and its maximum altitude (approximately 1,300 km), were measured directly from those images (Graham et al. 1995). The observation demonstrated to the astronomical community that the newly commissioned Keck was operational and ready for science. Weather played a critical role during the SL-9 observation. Conditions hovered within a grey area, between a humidity level likely to result in moisture on telescope optics, and a humidity level at which it would be safe to open.1 In 1994, the time to open or close the Keck I dome shutter was approximately 10 min.2 Thanks to the efforts of an experienced telescope driver, Keck was open during the R-fragment impact and data was captured without any adverse effect to telescope optics, but the dome opening and closing had to be perfectly timed within a fortuitous (but brief) let-up in the humidity. Perspective for ELT Provide a dome shutter system (and/or mirror cover) that can react quickly to changes in humidity or other factors. To achieve the detector read-out speed required for time-resolved imaging at 2.3 microns, we had to modify the electronics firmware of the infrared camera. These modifications, coded and tested during the weeks immediately preceding the impact, introduced some risk to the success of the observation. In the end, the instrument performed flawlessly (Matthews and Soifer 1994). If, however, the capability for rapid readout had been built-in prior to delivery, the risk imposed by these last minute changes would have been avoided. Perspective for ELT For ELT instruments, provide read-out modes for acquiring time-resolved data sets of solar system events.



3 Deep Impact On July 4, 2005, Keck participated in a coordinated effort to observe, from multiple ground-based observatories, material excavated by a projectile impacting the surface of Comet 9P/Tempel 1 (Meech et al. 2005). Excellent results were obtained from Keck I spectra obtained with HIRES (Vogt et al. 1994), but here we focus on the technical aspects of the NIRSPEC (McLean et al. 1998) observations on Keck II. That observation resulted in fundamental theories suggesting a common origin for Oort Cloud comets (Mumma et al. 2005). A near infrared slit-viewing camera (SCAM) gives NIRSPEC a significant edge over its competitors. For example, during the Deep Impact event, in parallel with the long exposures needed to obtain spectra, the intensity and shape of the ejecta were measured with SCAM.3 But this was possible only when working at K. SCAM is not sensitive beyond 2.5 microns. Plans for a SCAM detector sensitive out to 5 microns were de-scoped during the specification phase of the instrument. During Deep Impact, when the spectrometer was being used to collect M-band spectra, the comet was not visible on the slit. Perspective for ELT When features are de-scoped during design and 1



The guidelines for opening require a two degree differential between dew point and outside temperature.
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Following a 2006 upgrade to improve reliability, the time to open or close the Keck I dome shutter was reduced to approximately 7.5 min (Hess 2006)
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http://www.2.keck.hawaii.edu/science/deepimpact/deepImpactmovie.html
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development, build in the hooks that will motivate and streamline a future instrument upgrade to restore those lost capabilities. While guiding on a nearby star, the differential motion between that star and the comet varied slightly over time. Although we typically treat this differential as a constant rate, to boost the signal-to-noise for the Deep Impact observation, we manually varied the differential rate to better match the apparent motion. This manual technique was possible thanks to Keck’s ‘open’ architecture. If the Keck architecture had been ‘closed’, there would have been no recourse but to live with the linear rates. Keck software is ‘open’ in that it provides a well-defined keyword layer (Conrad and Lupton 1993). This keyword layer presents a consistent application programmer’s interface (API) for software developers (Lupton and Conrad 1993) and, significant in this case, provides access to system parameters (like tracking rates) to scientists and astronomers so that they can better support unusual observing modes. Perspective for ELT Foresee as many tracking and guiding capabilities as possible (e.g., integrated access to ephemeris web services (Giorgini et al. 2001; Berthier et al. 2006), and implement those capabilities properly in a software base that is well-tested and kept under strict revision control. But, in addition, provide an open software architecture like the Keck keyword layer (Conrad and Lupton 1993), so that operational staff members can provide those tracking and guiding capabilities for which a need was not foreseen.



4 Volcanoes on Io During December, 2001, adaptive optics (AO) images of Jupiter’s large (diameter over 3,600 km) volcanic moon, Io, were taken with NIRC2.4 Observations were spread across 10 nights to achieve full rotational coverage. The result was a complete cylindrical map of Io’s surface taken at high angular resolution in three filters (Marchis et al. 2005). The nearly diffraction limited performance of the AO system revealed surface features to a resolution of 150, 240, and 300 km, at the observed wavelengths (2.3, 3.8, and 4.7 microns, respectively). This rendering, which included 26 (two previously unknown) volcanic regions, was then presented as a rotating sphere in both a movie and an interactive applet (Le Mignant et al. 2003). More recently, spectroscopy with Keck is being used to detect SO2 frost on the surface of Io, presented as two broad absorption features in reflectance spectra (Laver and de Pater 2008). Keck observations of Io often require observing modes developed specifically for that purpose. For example, some programs that require observing Io in eclipse, also require differential tracking between Io and a moon which is still sunlit and can be used for AO correction. Perspective for ELT Be prepared to support observing modes that were not anticipated during specification and design. Enable teaming between the support staff that understand the details of the system and the observers that understand the details of the science.
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Near Infrared Camera 2 (P.I. Keith Matthews) fed by the Keck II AO system (http://www.2.keck. hawaii.edu/inst/nirc2/)
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5 Nix and Hydra The ability to use AO to detect faint satellites around Kuiper Belt Objects (KBO) was demonstrated famously for the mass determination of bigger-than-Pluto (136199) Eris when its moon was discovered with NIRC2/LGSAO on Keck II (Brown 2005). Following the discovery (Weaver et al. 2006), of the two new moons of Pluto, Nix and Hydra, Keck (among other large telescopes equipped with AO) was used to search for the moons, which should have been detectable. But poor observing conditions and high airmass prevented detection of these faint (23rd magnitude) satellites.5 Following a recent upgrade to the wave-front controller (WFC), Pluto images obtained with Keck AO ‘‘exceed the sharpness possible with Hubble Space Telescope’’ (University of Hawaii Astronomer Takes Sharpest Picture of Pluto System 2007). The upgrade provides a higher limiting magnitude (see Fig. 1) and better performance at shorter wavelengths. The star trails in the stack of images shown in Fig. 2, totaling 3,100 s and taken at H-band, are 35 mas wide. All three moons are visible in this image, and the new WFC makes this type of detection more routine. Pluto’s 3 moons may have formed from debris produced by a giant impact into Pluto itself (Ward and Canup 2006). Confirming a 3:2 resonance for Nix and Hydra, with respect to one another, stands as one method for testing this hypothesis (Tholen et al. 2008). Such precise orbit determinations require precise astrometry. To map and monitor geometric distortion within the instrument, we regularly image a grid of pinholes. To map and monitor the distortion contribution from AO and telescope, we regularly observe star clusters. Upgrades like the next generation wave-front controller enable exciting new science. Perspective for ELT Provide an organizational structure in which development teams stay engaged and can work with the science support staff to commission upgrades. Accurate astrometry is the limiting factor for several high-visibility AO programs at Keck. Perspective for ELT Whatever astrometry accuracy is provided for imagers, be prepared to push it beyond that limit through continued calibration and monitoring.



6 The Resolved Asteroid Program Using AO systems on the world’s largest telescopes (Keck, VLT, and Gemini), we measure precisely the size, shape, and pole orientation of asteroids. Accurate size leads to an improved albedo measurement which is key to understanding composition. Accurate size is also crucial for estimating volume and hence density when the mass is known (e.g., from existence of a satellite). For example, our discovery of a satellite around (41) Daphne (Conrad et al. 2008a; Merline et al. 2008a), together with a more accurate volume estimate, has resulted in the first measurement of that body’s density. On a typical night, for four or more resolved asteroids, we measure the long and short axes, as seen on the plane of the sky, at six or more epochs spanning a complete rotation. In addition to size and pole, our measurement gives us tri-axial-ellipsoid shape. But, increasingly, we see irregular shapes (see Fig. 3). Knowledge of the shape can provide evidence of large impacts. For example, our analysis of a large facet on (511) Davida (Conrad et al. 2007) includes a statistical argument that impact by an approximately 8 km object is consistent and possible (see 5



See http://www.boulder.swri.edu/plutonews/
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Fig. 1 Strehl versus magnitude for the Keck next generation wave front controller. The curves labelled NGS and LGS indicate natural and laser guide star modes, respectively (van Dam et al. 2007)



Fig. 2 Stack of images totaling 3,100 s, taken with the Keck next generation wave front controller and NIRC2, of Pluto and its three moons (University of Hawaii Astronomer Takes Sharpest Picture of Pluto System 2007; Tholen et al. 2008)



Fig. 3 Contours of (41) Daphne determined from Keck AO images taken during March 2008, as it rotates (Conrad et al. 2008b)



Fig. 4). Response to impact, indicated by a body’s shape, assists in determining composition and structure (Housen et al. 1999). Of those main belt asteroids (MBA) that can be resolved with today’s 8–10 m telescopes, approximately 10 have satellites, which can be used to determine mass, and hence density. The density of a body allows us to make inferences about the composition and structure of the interior of the asteroid. We can also compare asteroids of the same or different classes to see if they might have the same or different composition/structure. This
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Fig. 4 Contour of (511) Davida measured with Keck AO (left) and close-up image of (253) Mathilde taken by the NEAR spacecraft (right). The center sketch gives a contour of Mathilde to guide the eye in comparing the two results. The A and B promontories and c facet indicated for Davida are those assigned by the authors (Conrad et al. 2007). Object diameters are given in parentheses



Fig. 5 Discovery image of a small moon of (41) Daphne (Conrad et al. 2008a; Merline et al. 2008a)



helps us infer a possible composition/structure for objects for which we do not have direct density measurements (because of no satellite). In March 2008, we discovered a small satellite to Daphne at Keck (Conrad et al. 2008a; Merline et al. 2008a) (see Fig. 5). The unusually short period of the satellite (approximately 1.1 day), and the estimated size of the primary (239 9 183 9 153 km), lead to a density near 2.0 g/cc. This is significantly higher than most other large C-types with densities determined from the presence of a moon (Merline et al. 2002). One of the peculiarities of this object is its highly irregular shape. Because of the surprising density result, and because we expect to derive an accurate volume from our data, we are placing special emphasis on our size and shape determinations. We plan to apply several methods of determining the volume, including: tri-axial ellipsoid fits, detailed shape modeling, and improving estimates by using existing light-curve information. For future 30-m telescopes (ELT), the number of objects that can be studied in this way will grow from approximately 10 to well over 100. Most recently (Aug 8, 2008), we used Keck AO to image Near Earth Objects (NEO). These include a resolved near-Earth asteroid, 2004-XP14 (Busch et al. 2007), a binary NEO (see Fig. 6) (Merline et al. 2008b), and a faint NEO (188452) that required use of the laser. Tracking fast moving objects requires special attention to how the telescope and AO control systems ‘‘shake hands’’ to coordinate tip-tilt correction (E. Johansson et al., personal communication, 2004). With triple the aperture, ELT MBA resolution will improve to 14 km (from approximately 42 km currently achievable with Keck). For NEOs, ELT will resolve to about 20 m on the surface, down from Keck’s 60 m. Perspective for ELT: Be prepared to observe fast (up to one arcsecond/second) moving objects in all observing modes (including appulse and laser for faint objects). With nine times the light gathering capacity, the number of objects that can be covered in survey programs (e.g., searching for asteroid satellites) will be overwhelmingly
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Fig. 6 Binary NEO 1991VH imaged with Keck AO (Merline et al. 2008b)



dominated by slew and read-out time. Perspective for ELT: Minimize both to take advantage of increased aperture.



7 Conclusion In the discussion above we have provided nine perspectives to be considered by the future designers of ELT. These nine fall into two broad categories: specific, technical suggestions, for example detector read-out speed to accommodate time-resolved photometry; and broad structural suggestions, for example, open software architecture and post-commissioning teaming for upgrades. Solar System specific features should not be dropped from requirements documents because they are, from the outset, seen as too difficult or expensive to implement. Keeping the requirements on the books will ease implementation down the road, after the crush of ‘‘first light’’ pressures has passed and the scientific staff settle down to conduct the fantastic Solar System research that will be enabled by telescopes with 9–16 times the collecting area and 3–4 times the angular resolution available from current-generation, large telescopes. Acknowledgments This work was in part supported by the NASA Planetary Astronomy grant NRA-02OSS-01-344-32-55-05 (PI: Dumas, C) and NNX08A068G (PI: Merline, W.J.). The data presented herein were obtained at the W.M. Keck Observatory, which is operated as a scientific partnership among the California Institute of Technology, the University of California and the National Aeronautics and Space Administration. The Observatory was made possible by the generous financial support of the W.M. Keck Foundation.



References J. Berthier, F. Vachier, W. Thuillot, P. Fernique, F. Ochsenbein, F. Genova, V. Lainey, J.-E.Arlot., SkyBoT, a new VO service to identify Solar System objects. ASPC 351, 367N (2006) M.E. Brown, S/2005 (2003 UB313) 1. CBET, 240, 1B (2005) M.W. Busch, S.R. Kulkarni, A.R. Conrad, P.B. Cameron, Keck adaptive optics imaging of near-Earth Asteroid 2004 XP14. Icarus 189(2), 589–602 (2007) A.R. Conrad, W.F. Lupton, The Keck keyword layer. ASPC 52, 203C (1993) A.R. Conrad, C. Dumas, W.J. Merline, J.D. Drummond et al., Direct measurement of the size, shape, and pole of 511 Davida with Keck AO in a single night. Icarus 191, 616–627 (2007) A.R. Conrad, W.J. Merline, J.D. Drummond et al. S/2008 (41) 1, IAU Circ. 8930, 2 (2008a) A.R. Conrad, B. Carry, J.D. Drummond et al., Shape and size of asteroid (41) Daphne from AO imaging. DPS, 40.2812 (2008b) J.D. Giorgini, P.W. Chodas, D.K. Yeomans, Orbit uncertainty and close-approach analysis capabilities of the horizons on-line ephemeris system. DPS, 33.5813 (2001) J.R. Graham, I. de Pater, G.J. Jernigan, M.C. Liu, M.E. Brown, The fragment R collision: W. M. Keck telescope observations of SL9. Science 267, 1320–1323 (1995) M. Hess, Replacing the K1 dome shutter drive system, SPIE, 627317 (2006)



123



122



A. R. Conrad et al.



K.R. Housen, K.A. Holsapple, M.E. Voss, Compaction as the origin of the unusual craters on the asteroid Mathilde. Nature 402(6758), 155–157 (1999) C. Laver, I. de Pater, Spatially resolved SO2 ice on Io, observed in the near IR. Icarus 195, 752–757 (2008) D. Le Mignant, F. Marchis et al., Io, the movie. SPIE 4834, 319–328 (2003) W.F. Lupton, A.R. Conrad, The Keck task library. ASPC 52, 315L (1993) F. Marchis, D. Le Mignant et al., Keck AO survey of Io global volcanic activity between 2 and 5lm. Icarus 176, 96–122 (2005) K. Matthews, B.T. Soifer, in Infrared Arrays in Astronomy: The Next Generation, ed. by I. McClean (Kluwer, Dordrecht, 1994) I.S. McLean, E.E. Becklin et al. Design and development of NIRSPEC: a near-infrared echelle spectrograph for the Keck II telescope. SPIE 3354, 566–578 (1998) K.J. Meech et al., Deep impact: observations from a worldwide earth-based campaign. Science 310(5746), 265–269 (2005) W.J. Merline, S.J. Weidenschilling, D.D. Durda et al., in Asteroids Do Have Satellites, Asteroids III, ed. by W.F. Bottke Jr., A. Cellino, P. Paolicchi, R.P. Binzel (University of Arizona Press, Tucson, 2002), pp. 289–312 W.J. Merline, A.R. Conrad, J. D. Drummond et al., Discovery of an extreme mass-ratio satellite of (41) Daphne in a close orbit. LPI, 1405.8370 (2008a) W.J. Merline, A.R. Conrad, J.D. Drummond et al., S/2008 (35107) 1. IAU Circ. 8977, 2 (2008b) M.J. Mumma, M.A. Di Santi et al., Direct measurement of parent volatiles in comet 9P/Tempel 1: a comparison of volatile composition before and after impact. Science 14, 270–274 (2005) D.J. Tholen, M.W. Buie, W.M. Grundy, Dynamical state of the Pluto system. LPI 1405.8226 (2008) University of Hawaii Astronomer Takes Sharpest Picture of Pluto System, Institute for Astronomy, Press Release, October 11, 2007 M. van Dam, E. Johansson et al., Keck Adaptive Optics Note 489: performance of the Keck II AO system (2007) S.S. Vogt, S.L. Allen et al., HIRES: the high-resolution echelle spectrometer on the Keck 10-m telescope. SPIE 2198, 362–375 (1994) W.R. Ward, R.M. Canup, Forced resonant migration of Pluto’s outer satellites by Charon. Science 313(5790), 1107–1109 (2006) H.A. Weaver, S.A. Stern, M.J. Mutchler, A.J. Steffl, M.W. Buie, W.J. Merline, J.R. Spencer, E.F. Young, L.A. Young, Discovery of two new satellites of Pluto. Nature 439, 943–945 (2006)



123



























des documents recommandant













Gaia Data Release 2 - Observations of solar system ... - Benoit Carry 

basic idea of assembling a satisfactory sample for the first mass processing ...... grant AyA2014-55216, the Spanish Ministerio de EducaciÃ³n, Cultura y Deporte.










 








Solar System Small Bodies - B. Carry - Benoit Carry 

2Lagrange, Observatoire de la CÃ´te d'Azur. 1/14 B. Carry, Elbereth, 2014/12/10 ..... Space Weathering! â–· Solutions? â—¦ Meteorite recovery networks. â—¦ Asteroid ...










 








Prediction of transits of Solar system objects in Kepler ... - Benoit Carry 

Mar 2, 2016 - The typical queries to astronomical catalogues are so-called cone searches, in which all targets within a given FoV are returned. This is mostly ...










 








Solar system science with ESA Euclid - Benoit Carry 

2013), makes Euclid suitable for a surface characterization of solar system objects ... main-belt asteroids (MBA) in the principal reservoir of as- teroids in the solar ..... We thus computed the probability density function (PDF) of the heliocentric










 








The daily processing of asteroid observations by Gaia - Benoit Carry 

Nov 27, 2015 - dictated by a threshold on the minimum, acceptable signal-to- noise ratio, as ..... A quality control of the data has been performed by simulating the distribution ... will be in the output catalogue), but rather converted to the more.










 








spectra of Haumea - Benoit Carry 

May 16, 2016 - The laser pro- duces an ... data reduction tools for both epochs. On 2011 April ..... by its predicted position at (0 .008, -0 .110), based on the orbit.










 








Density of asteroids - Benoit Carry 

Apr 3, 2012 - Grundy et al., 2009; Dumas et al., 2011). ..... Alexandra. MBA. Cgh ...... Cloutis, E.A., Hiroi, T., Gaffey, M.J., Alexander, C.M.O., Mann, P., 2011a.










 








Astronomical Notes - Benoit Carry 

nor satellites of a planet or dwarf planet.1 They are rem- nants of the early stages of the solar ... 1 http://www.iau.org/static/resolutions/Resolution GA26-5-6.pdf.










 








Europa - Benoit Carry 

Jan 29, 2013 - axial ellipsoid yields diameters of 368 Ð’ 327 Ð’ 255 km, in excel- ..... image restoration method, with application to astronomical adaptive-optics-.










 








Vesta - Benoit Carry 

Aug 24, 2009 - II's near-infrared images. Ð£ 2009 Elsevier Inc. All rights reserved. 1. Introduction. Vesta, with a mean radius of 265Â±5 km (Thomas et al.,. 1997a ...










 








Haumea's family - Benoit Carry 

Dec 14, 2009 - We also attempt to test the theory that the family members are made of ...... TNOs with water ice detections (from IR spectroscopy), then in.










 








(136108) Haumea - Benoit Carry 

Jul 27, 2012 - infrared colours for 5. We confirm one object as a genuine member of the collisional family (2003 UZ117), and reject 5 others. The.










 








(136108\) Haumea - Benoit Carry 

Jan 6, 2011 - Spectro-imaging observations in the near infrared were performed with the ... The spectra of both Haumea and its larger satellite Hi'iaka were analyzed. ..... ran a radiative transfer model, based on Hapke theory (Hapke. 1981).










 








Pallas - Benoit Carry 

Aug 22, 2009 - From the mass of Pallas determined by gravitational perturbation .... instrumental plus atmospheric responses at the exact time of the science ...










 








Ceres - Benoit Carry 

Oct 28, 2011 - We applied the norms before (a) and after (b) slope removal to test if the spectral variation ... surface age (''fresher'' material excavated), or regolith properties. (different ... infrared with HST/ACS and Keck/NIRC2, respectively. 










 








Astronomy Astrophysics - Benoit Carry 

Nov 6, 2007 - The equivalent size (in km) of the theoretical resolution element (Î˜) on Ceres and ..... near-infrared spectra of Ceres: 0.4 Âµm cutoff, 0.60 Âµm and.










 








HDR. Solar System Small Bodies: from zero to infinity - Benoit Carry 

Mar 8, 2018 - A.1 Introduction . .... B.6.b Solar System evolution from compositional mapping of the asteroid belt . . . . . . 302 .... Table I.1: The definition of all the dynamical populations used in this work, as function of their .... Neverthele










 








(21) Lutetia - Benoit Carry 

Dec 30, 2011 - The support of the national funding agencies DLR, CNES, ASI, MEC,. NASA, and SNSB is .... Icarus 214, 652â€“670. Durech, J., Kaasalainen, M., ...










 








A Simpler Procedure for Specifying Solar System Objects in ... - Eso.org 

The PAF query form, hosted at IMCCE and. ESO. Here, ephemerides are requested for (134340). Pluto, from Paranal, for the entire Period 97, with a time step of ...










 








A Simpler Procedure for Specifying Solar System Objects in ... - Eso.org 

The PAF query form, hosted at IMCCE and. ESO. Here, ephemerides are requested for (134340). Pluto, from Paranal, for the entire Period 97, with a time step of ...










 








Dwarf planet Ceres - Benoit Carry 

Apr 5, 2014 - We derive equatorial and polar diameters of 967 Â± 10 km and 892 Â± 10 km, respectively, for a model that ..... its edge and to the terminator.










 








Boulders on Lutetia - Benoit Carry 

PÂ¼4.1 Ã‚ 10Ã€18 kmÃ€2 yrÃ€1), the lifetime is only about 50 million years. Those numbers need ... Allowing in addition for some comminution of the original boulder ...










 








Churyumovâ€“ Gerasimenko observation ... - Benoit Carry 

May 30, 2017 - observations from ESO constrained gas activity levels via ...... The simple power law dependencies on heliocentric distance, on which the ..... 2016 Three-dimensional direct simulation Monte-Carlo modeling of the coma.










 








highly irregular shape - Benoit Carry 

Interferometric observations in the mid-infrared with the ESO VLTI (Very Large Telescope ... Section 2. Polarimetry and near-infrared spectroscopy suggest that.










 














×
Report Keck Observations of Solar System Objects - Benoit Carry





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



