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No.
58       - December 1989

Successful Tests of Adaptive Optics                                                                         ..
F. MERKLE, ESOP. KERN, P. LENA, F. RIGAUT, Observatoire de Paris, Meudon, France. 'J. C. FONTANELLA, G. ROUSSET, ONERA, Chitillon-Sous-Bagneux, ~ r a n c e                                                                                                                                   I % ^ .
C. BOYER, J. P. GAFFARD, P. JAGOUREL, LASERDOT, Marcoussis, France                                                                           g
                                                                                                                 .   ,                                                                                                                     .   I    An old dream of ground-based as-          A Break-through in Optical                          The extensive tests showed that ittronomers has finally come true, thanks       Technology                                       was possible to effectively "neutralize"to the joint development of a new tech-                                                        the atmospherically induced smearing nique in astronomical imaging - called          In a major technological break-               of a stellar image by a closed-loop adaptive optics -, by ESO and Obser-         through in ground-based astronomy the            correction system. In this way stellarvatoire de Paris, ONERA (Office National      VLT Adaptive Optics Prototype System             images were obtained at infraredd'Etudes et de Recherches Aerospatia-         (also referred to as Come-On) has now            wavelengths whose sharpness was only les), LASERDOT (formerly CGE) in             proved its ability to overcome this natur-       limited by the telescope aperture, i. e. France.                                      al barrier during a series of successful         diffraction limited images.    It has been demonstrated that this        tests in the period 12-23 October 1989.             On each of the ten nights, infraredtechnique effectively eliminates the ad-      They were performed at the coude                 exposures were made of about 10 brightverse influence of atmospheric turbu-         focus of the 1.52-m telescope at the             stars ranging from the visible magnitude lence on images of astronomical ob-          Observatoire de Haute-Provence (OHP),            0.7 to 4.7 (including Capella, Deneb,jects, yielding images almost as sharp        France.                                          Betelgeuse, y' And, and others). Theas if the telescope were situated inspace.

Why Adaptive Optics?

   Ever since the invention of the tele-
scope in the early 17th century; as-tronomers have had to accept that thequality of astronomical images obtainedwith ground-based instruments is se-verely limited by a factor which is be-yond their control, that is the turbulencein the Earth's atmosphere.   For a long time it was thought impos-sible to avoid this natural limit. Now, for   Figure 1 : Imaging of Deneb in the K-Band without and with adaptive feedback loop activated.the first time, this old problem has been     The image diameter shrinks from 1.0 arcsec to 0.37 arcsec which is the diffraction limit in thedemonstrably solved.                          K-Band (2.2 pm).                                                                                                 partial. Are the application conditions                                                                                                 above the dashed line, then no improve-                                                                                                 ment can be achieved, because the te-                                                                                                 lescope (in case it is of perfect quality                                                                                                 and well aligned) is by itself diffraction                                                                                                 limited. A first analysis of the results                                                                                                 confirmed the theoretical expectations.                                                                                                 Whenever the observing conditions                                                                                                 were in the operation range of the sys-                                                                                                 tem, perfect image quality was reached,                                                                                                 as demonstrated by the well-known Airy                                                                                                 ring around the star image.
                                                                                                 How Does it Work?
                                                                                                    Adaptive Optics is based on an opti-                                                                                                 cal/electronic feed-back loop. In its                                                                                                 physical principles it is equivalent to ac-                                                                                                 tive optics as it is applied in the ESO                                                                                                 New Technology Telescope (NT) (see                                                                                                 Messenger Nos. 53 and 56). But for the                                                                                                 compensation of the atmospheric turbu-                                                                                                 lence, the system has to correct much                                                                                                 faster than in the active case and there-                                                                                                 fore the wavefront correction cannot be                                                                                                 done by the primary mirror. Therefore,                                                                         n                                                                                   [arcsec]                                                                       - .                   I                  20         10                                                   I
                                                   5         4                                                              I                                                                                 * Ccml                          Seeing at visible wavelength
Figure 2: The application range of this prototype adaptive system is marked as the shadedzone in the diagram for different wavelengths bands (Visible, J-, K-, L-, and M-band). Thecoherence length ro for the various wavelengths is plotted as a function of the seeing diskdiameter at visible wavelength. When ro exceeds approximately 40 cm, which corresponds tothe mean actuator spacing on the deformable mirror, then full correction is obtained. Belowthis value only partial correction is possible. When ro reaches the diameter of the telescope,then the telescope is only limited by its optical quality and adaptive optics is not required.
infrared images have been taken in the          size in the visible and the coherenceJ, H, K, L, and M bands. Several integra-       length ro at infrared wavelengths. Thistions were made through each filter             adaptive optics prototype system iswithout the adaptive feed-back, im-             capable to fully correct the atmosphericmediately followed by an equal number           turbulence if the seeing conditions arewith the device activated. Depending on         such that the coherence length ro in thethe brightness of the observed star,            infrared range is larger than 30 to 50 cm.each exposure lasted between 10 and             30 to 50 cm corresponds to the mean100 seconds. At this time the prototype         actuator spacing on the deformablesystem is not optimized in light efficien-      mirror. If the operation falls in an ro range    Figure 3: The adaptive system at the coud6cy. For wavelengths of 3.5 ym and               below this value, the correction is only         focus of the 1.52-m telescope at OHP.longer, the diffraction limit was alwaysreached, irrespective of the atmosphericturbulence. During the observations, the        TABLE: Technical Data.seeing in the visible wavelength bandranged from 0.7 arcsec to 2.5 arcsec               Deformable                   19 piezoelectric actuators +/- 7.5 micrometre strokewith equivalent seeing cell sizes (coher-                mirror:                gimbal mount                                                                                piezoelectric actuatorsence lengths) ro of 14 to 4 cm. During                                                   Wavefront sensor:            Shack-Hartmann principlethe phases with better seeing, diffrac-                                         5 x 5 and 10 x 10 subaperturestion limited imaging was even reached                                           100 x 100 intensified Reticon detectorat 2.2 ym (0.3 arcseconds) and a notice-                                        built-in reference sourceable improvement was seen at 1.2 pm.                                            additional field selection mirrorFigure 1 shows an example.                         Wavefront computer:          dedicated electronics   Figure 2 displays the application                                            host computer based on Motorola 68020range of this prototype system under                                            modal correction schemevarious seeing conditions. The diagram                                          mirror eigenmodes                                                   Camera:                      32 x 32 lnSb array camera (SAT detector)shows for the 4 infrared wavelengths                                                                                additional chopping mirrorranges the relation between the image                                                                                             I laboratow has been described earlier in
                                                                                           .I                                                                                            I                                                                                                       ~ e s s e n g e Nos.
                                                                                                       Future Plans                                                                                                                       r    52 and 57.

                                                                                                         This prototype system will soon be
                                                                                                       installed at the ESO 3.6-m telescope at                                                                                                       La Silla. The encouraging results repre-                                                                                                       sent a first, major step on the way to-                                                                                                       wards an adaptive system for the 16-m                                                                                                       Very Large ~ e l e s c o ~ e An upgrade                                                                                                                                (VLT).                                                                                                       of the deformable mirror to approxi-                                                                                                       mately 50 actuators, a wavefront sensor                                                                                                       with 10 by 10 sub-apertures, and an                                                                                                       even faster computer system will be the                                                                                                       next step. Such a system could then be                                                                                                       designed and built for the NTT.                                                                                                         The new technology makes it possible                                                                                                       to achieve the theoretical limits for opti-                                                                                                       cal imaging in the infrared wavelength                                                                                            1Figure 4: The control panel of the adaptive prototype system. The large rack in the uppe,: left                                                                                                       range by means of a medium-sized tele-                                                                                                       scooe. Further develooments will aim at                                                                                                       pt?tie~tingthe technidue for larger tele-contains the wavefront computer. It is based on dedicated processors for a fast wavefront              scopes and at shorter wavelengths. Notanalysis.                                                                                              only will present-day telescopes benefit,

the optical system must include an addi-
tional, small deformable mirror which                                          -hican change its surface profile fastenough in a way that exactly compen-sates for the distortions of the wavefrontafter it has passed through the atmo-sphere.   In the present prototype system themirror surface is deformed by 19 piezo-electric actuators. The informationabout how to deform the mirror comesfrom a wavefront sensor which allows tomeasure the shape of the distorted lightwavefront sampled in 5 by 5 sub-aper-tures. It requires a very fast and power-ful computer to calculate how the ac-tuators located behind the deformablemirror have to push and pull the mirrorsurface. Figures 3, 4, and 5 show thesystem installed at the coude focus ofthe 1.52-m telescope, its control panel,and a close-up view of the opto-                                                                                                       --
mechanics and its principle. The main
data of the prototype system are givenin the Table. The major components ofthis system and the system in the                                                                                     \     FIB                                                                                           \ dichroic
Figure 5: Close-up view of the adaptive sys-
tem (upper) and schematics of the opticallay-out (lower). The F/28 beam enters fromthe top, a focal reducer changes the ratio toF/8 (for the ESO 3.6-m telescope), and an off-axis parabola in front of the deformablemirror collimates the beam. After the deform-able mirror, the beam is reflected at a gimbalmounted mirror for tilt correction and then asecond off-axis parabola refocusses it. Theinfrared and visible part are separated by a                                                                                       \                                                                                       ,          ,                                                                                                   \                                                                                                            tipltilt                                                                                                            mlrror     L\dichroic mirror. The infrared part is relayed to           IR array camerathe lR array camera, while the visible part isreflected to the wavefront sensor.            bbut this technique will revolutionize the         The project received support from          -   F. Merkle (1988), "Adaptive Optics De-exploitation of the next-generation tele-     ESO, the Ministere de la Recherche et              velopment at ESO, Proceedings of thescopes, such as the ESO VLT, and, in          de la Technologie (France), Ministere de           ESO Conference on "Very Large Tele-many cases, compete with observations         ['Education Nationale, Direction de la             scopes and their Instrumentation", Garch-                                                                                                 ing 21 -24 March, 1988.carried out by telescopes deployed in         Recherche (France), Universite Paris VII,space.                                        Centre National de la Recherche Scien-                                                                                             -   P. Kern, P. Lena, G. Rousset, J.C. Fon-                                                                                                 tanella, F. Merkle, J.P. Gaffard (1988),  A scientific-technical paper, describ-      tifique (CNRS) and lnstitut National des           "Prototype of an adaptive optical systeming the first adaptive optics results, is     Sciences de I'Univers (INSU).                      for infrared astronomy", ref. as above.expected to appear soon in Astronomy              The early development of critical opti-    -   F. Merkle (1988), in SPlE Proceedings& Astrophysics.                               cal components of the system has been              1013: "Optical Design Methods, Applica-                                              independently supported by La Direc-               tions and Large Optics", Hamburg, F. R.G;,                                              tion des Recherches et Etudes Tech-                September 1988.Acknowledgements                                                                             -   P. Kern, P. Lena, J.C. Fontanella, G.                                              niques (DRET), Ministere de la Defense,                                                                                                 Rousset, F. Merkle, J.P. Gaffard (1989) in  The design and construction of this         France.                                                                                                 SPlE Proceedings 114: Symposium onsystem is the product of a three-year                                                            "Aerospace Sensing", Orlando, FI., Marcheffort, involving a collaboration between                                                        1989.the European Southern Observatory(ESO), Observatoire de Paris, the Office       ReferencesNational dJEtudes et de Recherches             For additional references the following pa-Aerospatiales, and LASERDOT.                   pers are recommended:
Astronomical Observations With the NTT During
CommissioningM. TARENGHI, ESO   It was with particular pleasure and         instrument whose performance was              ures 1-4) are spectacular examples ofemotion that I received the first as-          even better than expected. As an as-          the possibilities of the new telescope.tronomical images obtained with the            tronomer it was fascinating to see new           It is important to understand the valueN7T from Chile. As the N7T Project             details of objects which are being ex-        and limits of these observations ob-Manager it was satisfying to see that the      plored by many of us with other tele-         tained during the commissioning phasework of many - both inside and outside         scopes but at lower resolution.               of the N7T which represents a complexESO - had converged to produce an                 The illustrations of 4 images (Fig-        and delicate period for a new telescope.
Figure 1: NGC 6300. The short exposure of only 30 seconds of this      Figure 2: NGC 681. An edge-on dust spiral.SB galaxy shows dust features in the inner part and on the nucleusthat resemble the horse head in the Orion nebula. Seeing is 0.7arcsec.Figure 3: IC 4662. Magellanic Cloud type irregular galaxy at the          Figure 4: NGC 613. The spectacular bar spiral SBb in wnicn - rnanksdistance of 4 Mpc studied with ESO telescopes in 1983 by M. Rosa          to the high resolution in this NTTpicture - one can detect the detailedand G. Schnur. Evidence of violent star formation activities was          structure of dust filaments. Two major dust lanes extend along thedetected. The galaxy is resolved in this N T i m a g e which shows very   bar into the nuclear region.clearly the two giant HI1 regions embedded in a super association.Seeing 0.65 arcsec.
All images were obtained without the              point that the observer will be discour-        than that forecast required greateradapterhotator, therefore without the             aged to operate the N l T with the flaps        tuning.on-line active optics system. Moreover            closed.                                            The first visiting astronomer is ex-the modifications of the support system              The commissioning work is proceed-           pected mid-January and we are impa-with the activation of the three fixed            ing actively and the adapterhotator No. 1       tient to receive constructive criticism topoints was not implemented. Except for            was mechanically and electronically in-         make even greater improvements on thethe region around the zenith, the optical         stalled on the N l T in October. During the     NlT. In April 1990 the second adapter/quality was not optimal and we expect             month of November the modifications of          rotator will be implemented and May/to be able to guarantee perfect images            the fixed points were started and the           June will see the integration of EMMI. Itall over the sky only with the full im-           implementation of the image analyser            will be commissioned during the Euro-plementation of the adapterhotator and            and guiding system initiated. For the           pean summer.its image analyzer.                               second half of December the N l T will             I would not like to complete this report   In the course of the last months many          perform in its complete configuration           without taking the opportunity to thankexperiments have been performed on                with EFOSC 2 at the Nasmyth focus.              all those who have observed with thethe seeing of the NlT. Studies of the               The 9 months from the first light ob-         NlT in this critical period, for their unre-behaviour of the rotating building, its           tained on 23 March to the first deep            lenting passion and understanding forflaps and windscreen, clearly indicate            exposure seems at first sight to be very        the inevitable number of difficulties andthe advantages of this new design and             long but the complexity of the N l 7 and        conflicts between technical necessitythe importance of the flaps to the                the need to cope with a seeing better           and astronomical dreams.

The First Observations With the NTT
J. MELNICK, ESO1. Introduction  The N l T was used for astronomical             remarkably well during both runs, so            scope without the instrument rotator/observations during two runs in May               there was ample time for astronomical           adapter and this meant that for mostand August 1989. Both the telescope               observations.                                   positions on the sky the exposure timesand the instrument (EFOSC2) worked                  EFOSC2 was bolted onto the tele-              could not exceed a few minutes.                                                                                                                                  2. Seeing                                                                                                                                     The superb optical quality of the tele-                                                                                                                                  scope and the careful design of the                                                                                                                                  dome allow the NTT to fully exploit the                                                                                                                                  excellent quality of the La Silla sky.                                                                                                                                     During the second test run (August 4                                                                                                                                  to September 9), an effort was made to                                                                                                                                  record the seeing systematically, every                                                                                                                                  thirty minutes whenever possible. In this                                                                                                                                  way, 345 seeing measurements were                                                                                                                                  accumulated. For 224 of these observa-                                                                                                                                  tions, simultaneous measurements from                                                                                                                                  the seeing monitor on Vizcachas were                                                                                                                                  also recorded. The results are presented                                                                                                                                  in Figure 1 . The median seeing values                                                                                                                                  are 0176 at Vizcachas and 0!80 at the                                                                                                                                  N l T (FWHM of stellar images referred to                                                                                                                                  the zenith at 500 nm). The difference is                                                                                                                                  not significant if one considers that the                                                                                                                                  active optics system was not operation-                                                                                                                                  al during the run, and the loads on the                                                                                                                                  actuators were adjusted for positions                                                                                                                                  close to the zenith.

                                                                                                                                  3. First Scientific Results
                                                                                                                                     The good seeing conditions which                                                                                                                                  prevailed during the tests allowed us to                                                                                                                                  tackle several interesting scientific prob-                                                                                                                                  lems in spite of the limitations imposed                                                                                                                                  by field rotation. A "flexible scheduling"                                                                                                                                  scheme was implemented where the te-                                                                                                                                  lescope was allocated according to see-                                                                                                                                  ing. In fact, an important fraction of the                                                                                                                                  observations were done by the tele-                                                                                                                                  scope operators who selected the ob-                                                                                                                                  sewing programmes according to the        0I         I   ,   ,   ,   ,       I       ,   ,       ,    ,   w      m         l    r   -   7   ,   1   ,   ,   ,       seeing conditions.               0.5                         1                          1.5             2                   2.5                        Figures 3 and 4 illustrate two results                                                                     VIZCACHAS                                                    from these observations. Figure 3                                                                                                                                  shows a V frame of the compact globu-Figure 1 : Distribution of seeing at the NTT (top). Seeing measured at Vizcachas during the N77                                                                                                                                  lar cluster M80. The FWHM of the stellarrun (bottom).                                                                                                                                  images is about 01'5 in this image. Im-                                                                                                                                  ages of a number of compact clusters                                                                                                                                  were obtained under very good seeing                                                                                                                                  conditions aimed at investigating the       2       ,                       I       I           I                      I       I                                                                                                                                  colour-magnitude diagrams in the cen-                                                                                                                                  tral regions of very compact clusters.                                                                                                                                     Figure 4 shows an R frame of the                                                                                                                                  gravitationally lensed quasar Q 2237 +V)                                                                                                                                0305 (Einstein's cross). The four imagesQ          -                                                                                                                      of the QSO plus a fifth faint one, locatedI2 1.5-                                                                                                                            near the centre of the cross (possibly                                                                                                                                  the nucleus of the lensing galaxy), can           -                                                                                                                      be clearly seen in this image taken withF                                                                                                                                 0'165 seeing. The QSO was systemati-           -.-P 0                                                                                                                                  cally monitored during the run to search$                                                                                                                                 for microlensing effects.       1-                                                                                                                            A number of early type spirals were.-5                                                                                                                               imaged under very good seeing condi-Bz                                                                                                                                 tions in order to investigate the structure                                                                                                                                  of their central regions.      0.5-     ,                                                                          1.5                                 2                                                                                                                                  Acknowledgements          0.5                                              1                                                                   Median seeing N T T                                               It is a pleasure to thank all the TRS                                                                                                                                  people who participated in the N l T pro-Figure 2 : Night to night comparison between the seeing recorded at the N77 and Vizcachas.                                        ject for helping us to learn how to oper-
6ate the telescope. In particular we would   assistants, Messrs. Jorge Miranda and              observations very efficiently, and theirlike to thank Mr. Gaetano Andreoni for      Manuel Pizarro for their skill and pa-             work was instrumental in allowing us tohis help with the software and with the     tience to master the still unfinished tele-        compile large catalogues of planetaryactive optics system.                       scope and building control system.                 nebulae, QSOs, and galaxies observed   Special thanks are due to the night      They performed a large fraction of the             with unprecedented spatial resolution.

Spatially Resolved Images of the Optical Counterpart to
Circinus X-1A. MONETI, ESO
   We have obtained high resolution im-
ages in which the optical counterpart tothe X-ray binary Circinus X-1 is re-solved. The images were obtained on 16and 18 August 1989 using EFOSC2 indirect imaging mode on the ESO NewTechnology Telescope ( N V . A 3 0 x3 0 portion of each image, centred onCir X-1 , is shown in Figure 1. The V andR images obtained on 16 August arereproduced in panels a and b, while theR and I images obtained on 18 Augustare reproduced in panels c and d. Theintegration time was 60 sec for all im-ages; and all images have been biascorrected and flat fielded. The FWHM ofthe stellar profiles was 015 on 16 Augustand 019 on 18 August.  Argue et al. (1984) presented B and Rimages obtained in     -   115 seeing inwhich the position of Cir X-1, accuratelydetermined by the authors from radioVLBl during a flare, is shown to be located at the southern end of an ex-tended structure. In the N l T images,that extended structure is resolved intothree separate stars, and the position of   Figure 1 : lmages of CirX-1 in V, R (upperpanels), and R, I (lowerpanels). North is up and EastCir X-1 coincides with the southernmost     is to the left. Cir X-1 is identified with the southernmost of the three stars in the centre of theof these stars. Accurate photometric        field. The FWHM of the stellar profiles is O r 5 in the top panels, and 0 3 in the lower panels.measurements are in progress, but a            further confirmation, we will attempt to       Referencescomparison of our V, R, and I images           monitor the optical source during a flare.     Argue, A, N., Jauncey, D, L,, Morabito, D. L.,shows that this star is quite red. This is a   The detection of such a flare in the visi-       and p ot,n,       R.A., 1984: Man. NO^.well-known property of Cir X-1 (Whelan         ble will further secure the identification       R.A.S., 209, 1 1 p.et al. 1977), and corroborates our iden-       of the aforementioned source with the          Whelan, J.A.J., et al., 1977: Mon. Not.tification of this star with Cir X-1. For      X-ray source.                                    R.A. S., 181,259.
The Nebulosity Around BL Lac Objects
R. FALOMO, Astronomical Observatory, Padova, ItalyJ. MELNICK, ESO   BL Lac objects (hereinafter BLL) are a      so far, we here mention the case of the        (1984) obtained spectra of the nebulosi-class of active galactic nuclei which ex-      well studied BL Lac object PKS 2155-           ty through a 2 arcsec slit centred 3 and 4hibit strong non thermal emission from         30, one of the brightest of its class. The     arcsec east of the nucleus (on the sideradio to X-ray frequencies. Strong and         V-magnitude varies from 12.8 to 14.0,          of the reported diffuse elongation). Inrapid variability, together with optical       and it was discovered as the counter-          the latter position, absorption featurespolarization and very weak or absent           part of the X-ray source H2155-30 by           due to a stellar population were de-emission/absorption features, are defin-       Griffiths et al. (1979). These authors re-     tected at redshift z = 0.1 17. This redshifting properties of the class.                   ported the presence of an east-west            is however difficult to reconcile with ab-   In several cases BLL are surrounded         asymmetric nebulosity around the ob-           sorption features observed in the X-rayby a nebulosity; however, for only 7           ject (slightly extended to the east) on a      (Canizares and Kruper, 1984; Treves et                     -objects, out of the 100 currently attri-       red plate which was exposed for 30             al. 1989) and UV spectra (Maraschi et al.buted to this class, the nebulosity has        minutes. By analogy with other BLL,            1988).been studied in detail and has been            they concluded that the nebulosity is             In order to verify the presence of theshown to be consistent with an elliptical       very likely the image of an elliptical        nebulosity around this object and inves-galaxy. In a dozen other cases, only           galaxy. Five years later Bowyer et al.         tigate its nature we obtained two shortindirect evidence of the presence of agalaxy, either from the detection of so-called fuzz or marginal detection of stel-lar absorption lines in the spectra, hasbeen reported. Moreover, in some casesthe shape of the nebulosity does notconform with that of a normal elliptical:asymmetries and/or complex structuresare visible.   The detailed study of thesenebulosities (and of the close environ-ment of BLL), a key tool for understand-ing the nature of this intriguing class ofobjects, requires the ability to detectfaint features very close to bright point-like sources. This is not an easy task.   With the ESO New Technology Tele-scope in operation, this requirement ismet. In fact, several images of selected BLL (in all ten objects) have now beenobtained with the N l T (+ EFOSC2 + CCD No. 5 with R filter) in good seeing conditions (0.6 to 0.8 arcsec) during the commissioning time. A wealth of infor- mation about the nebulosity surround- ing the observed objects is present inthe frames and is now subject to de-tailed analysis. We can anticipate thatfor a substantial fraction of the objectsthe presence of previously undetected nebulosities or faint structures or com- panions, only a few arcseconds apart, can be clearly demonstrated. A full re- port on these results will be presented in a forthcoming Paper (Falomo and Mel-          Figure 1: An N77 (EFOSC 2 + CCD No. 5) 2-minute exposure behind an R filter showing the nick, in preparation).                        bright BL Lac object PKS 2155-30 (centre) together with the newly discovered extended object   As an example of the results obtained       at an angular distance of 4.5 arcsec.exposures (30 sec and 2 min, R filter) of     some elongation in the east-west direc-        Referencesthe source near minimum brightness            tion.                                          Bowyer, S., Brodie, J., Clarke, J.T., and Hen-(V = 13.8) on August 12, 1989. No evi-           Thus the redshift reported by Bowyer           ry, J. P., 1984, Ap. J., 278, L 103.dence of nebulosity around PKS 2155-          et al. (1984), according to the quoted slit    Canizares, C. and Kruper, J., 1984, Ap. J.,
-30, down to a surface brightness of m,   23 maglsq. arcsec is present, but inboth images, a relatively faint (m, = 19)                                              position, is more likely attributable to the                                              angularly close object, now seen in our                                              CCD frames, rather then to the BLL it-                                                                                               278, L 99.                                                                                             Griffiths, R.E., Tapia, S., Briel, U., and                                                                                               Chaisson, 1979, Ap. J., 234, 810.object, about 4.5 arcsec east of the          self. Spectroscopy of the newly discov-        Maraschi, L., Blades, J.C., Calachi, C., Tanzi,nucleus, is clearly seen (Fig. 1). This                                                        E.G., and Treves, A., 1988, Ap. J., 333,                                              ered object around PKS 2155-30 is be-                                                                                               660.object is marginally resolved with            ing obtained.                                  Treves, A. et al. 1989, Ap. J., 341, 733.

Possible Transition Objects Discovered with the NTT
H. E, SCH WARZ, ESO
    The 3.5-m N l 7 with EFOSC2 has
 been used to make images of about 280 planetary nebulae (PN) in two narrow passbands centred on Ha and [OIII] 5007. These data will be published in the near future in the form of a pictorial atlas. Since both [OIII] and Ha images were taken, a map of the high excitation gas can be made by dividing the frames; an example has been presented by (1).    Previously unknown faint haloes around PN have also been found during our survey. These haloes are importantfor the "missing mass" problem in PN:the mass of an average AGB (Asympto-tic Giant Branch) star is greater than thecombined masses of the central star(white dwarf) and nebula of typical PN. Haloes can contain up to ten times more mass than the bright central nebula (2).   There are many other interestingproblems which can be addressed us-ing these images, especially when com-bined with other data. Here I will discuss    Figure 1: A 2-min Ha exposure of He2-1312. Seeing is about 0.75 arcsec FWHM. This objectone application: the study of transition      was previously classified as a point source.objects or proto-PN. Transition objectsor TOBs are those rare objects that arein the rapid evolutionary phase betweenupper AGB and PN. They have startedto produce a fast, tenuous wind which.interacts with the old, slow and densewind to form shocked ansae and bub-bles. The importance that the study ofthese TOBs has, lies in the possibleimpact on our ideas about PN formationand, more generally, on the poorlyunderstood final evolutionary stages ofall intermediate mass stars. Obsewa-tionally, these objects are characterizedby a bipolar shape, usually with ansaeformed by shocked gas, a strong far IR,and a smaller optical or near IR excessand emission lines at very high ve-locities.   Several such objects have been foundusing the NTTlEFOSC2 combination,mainly due to the superb seeing at thistelescope. Figure 1 shows an Ha imageof He2-1312, a PN which was previously        Figure 2: A 10-min Ha exposure of 19+5? 1. Seeing is 0.8 arcsec FWHM. Note the faint, highclassified as stellar. The seeing was         excitation blobs.                                                                                                      with strong [OIII], Hp, [NII] lines and Ha.                                                                                                      In He2-1312, [OIII] is absent in the outer                                                                                                      ansae.                                                                                                         The sources are both in the IRAS PSC                                                                                                      and the partial energy distribution of                                                                                                      He2-1312 is shown in Figure 3, and is                                                                                                      typical of this kind of object.                                                                                                         More data are clearly needed,                                                                                                      kinematic mapping, near IR photometry,                                                                                                      optical photometry and CO measure-                                                                                                      ments are all useful to characterize                                                                                                      these sources. On the basis of the evi-                                                                                                      dence collected so far, I will stick my                                                                                                      neck out and say that 19+5? 1 and                                                                                                      He2-1312 are transition objects.                                                                                                         Considering the preliminary state of                                                                                                      the NlTlEFOSC2 at the time of observ-                                                                                                      ing (no instrument rotator, no active op-         I/,--                                                                                        tics operative, no spectral calibration          . 5             0               .5              1                1.5               2        lamps), the high quality of the obtained                                            l o g A (pm)                                              data points to a very rosy future for whatFigure 3: The energy distribution of He2-1312. Note the strong far IR excess.                         without a doubt now is the best tele-                                                                                                      scope in the world.about Of.'75 FWHM. Figure 2 is a recently       shaped central structure. The overall                 Referencesdiscovered PN (19+5? 1) which was de-           size is about 10".                                                                                                      (1) Schwarz, H.E., Melnick, J., 1989, inscribed as having a FWHM of 3!'5 with              Spectroscopy of both sources, again                    "From Miras to PN", in press.2Y2 field stars (3)!In the N l T image, with    using the NlTlEFOSC2, indicates a                     (2) Manchado, A,, Pottasch, S,R,, 1989, AS-a seeing of 0'18, the object shows intri-       complicated velocity structure with ve-                   tron. ~strophys.222, 219.cate structure consisting of two ansae          locity differences of up to 560 km S-'.               (3) Cappellaro, E., Turatto, M., Sabbadin, F.,connected by faint emission to a cross          Emission lines typical of PN are present,                 1989, Astron. Astrophys. 218, 241.

Narrow-Band Imaging of M87 with the NTT
B. JARVIS, ESO   Already during the current installation      strong [NII] (6584 a) lines. Since the                "jet-like" feature pointing in a NW direc-phase (August 1989), ESO's New Tech-            FWHM of the Ha filter was about 70               a,   tion from the core and inclined aboutnology Telescope (N'TT) presents an             centred at redshifted Ha, the light of [N Ill         20" to the N of the well-known radioopportunity for useful science due to its       was also passed, making it difficult to               and optical jet.large aperture and good tracking (no            separate the relative contributions from                 The [ 0 Ill] emission, shown in Figure 2,autoguider yet) on a site of excellent          these two lines (see note 1).                         is also very interesting. This figure is theseeing. The greatest limitation is the             Figure 1 shows the average of two                  same as Figure 1 except that the [O Ill]lack of a field rotator which severely          5-minute exposures of M87 (lightly                    emission is shown as an insert as ob-limits the maximum exposure times               smoothed) in the light of H, + [NII]. The             served relative to the H, + [N II] features.possible without obtaining unaccept-            background galaxy has been removed                    The [OIII] is extended symmetricallyably trailed images. Over most of the           by the subtraction ofoa near continuum                about the broadband photometricobservable sky, this maximum exposure           image taken at 6480 A. Note that due to               centre of M87 and very closely alignedtime is less than 5 minutes if one is to        the late time of the year at which these              with the H, + [NII] feature and not theavoid more than 1 arcsecond of trailing         observations were made, the altitude of               radio structure. This is very curious inone arcminute from the field centre.            M87 was never more than 25". How-                     view of recent work by Haniff, Wilson   With these points in mind, in August         ever, even at this extreme airmass, the               and Ward (1988) and also by Wilson and1989, EFOSC 2, equipped with an RCA             seeing was still better than I"!                      Baldwin (1989). Haniff et al. found that inCCD (0'1259 ~ixel-')was used to image              The interesting feature in Figure 1 is             a sample of 10 galaxies with "linear"the peculiar galaxy M87 (Virgo A, NGC           the extensive fine filamentary structure              radio sources, all showed alignment4486, and whose nuclear spectrum has            of Ha + [NII], which, although concen-                (within measurement errors) of the [OIII]similarities to a Seyfert galaxy's nucleus)     trated towards the centre of M87, ex-                 emission line region and the radio struc-through narrow-band filters centred at          tends more than 1' to the southeast of                tures. Wilson and Baldwin's observa-the galaxy's redshifted wavelengths of          the nucleus terminating in a bright three             tions of another Seyfert galaxy, 0714-[OIII] (5007a), [NI] (5200a), H,                knot structure. There is also a bright                2914 showed the same effect, i.e. align-(6563 a).), and [Sll] (6716 + 6731 a).).                                                              ment of [OIII] emission with the radio.Spectra of the core region of M87 taken                                                               Moreover, Whittle et al. showed in a                                                Note 1: Meisenheirner and Hippelein (Sterne undearlier by the author with EFOSC 1 at           Weltraum, May, 1989, p. 292) report that I ([NII])/   sample of 11 Seyferts that severalthe 3.6-m also showed the presence of           I (Ha) = 2.                                           showed clear evidence for double-lobeFigure 1.                                                            Figure 2.
substructure in the [OIII] emission. This      the radio ejection axis (see e.g. Wilson    lead to a better understanding of what isis also clearly seen in the case of M87        et al., 1988).                              really happening at the centre of M 87.(see Fig. 2) except that the circumnu-            During the next observing season forclear [OIII] is aligned with the H, + [N II]   M87 by which time the field rotatorjet and not the well-known radio jet!          should be fully functional, it is plannedHow and if these features are related is       to extend these observations, under         Referencescurrently unclear but may be associated        much more favourable conditions as          Wilson, A.S., Baldwin, J.A., 1989, preprint.with shock excitation and acceleration         well as imaging in the other known          Haniff, C.A., Wilson, A.S., and Ward, M.J.,of the emission line region clouds by the      emission lines, notably [OI] and Hp.          1988, Ap. J., 334, 104.radio jets, or, some mechanism for par-        These better signal-to-noise images         Wilson, A.S., Ward, M.J., and Haniff, C.A.,ticle beaming of ionizing radiation along      from longer exposures will hopefully          1988, Ap. J., 334, 121.

NTT Images of SN 1987A
G. GOUIFFES, E. J. WAMPLER, D. BAADE and L.-F, WANG, ESO    The fine optical quality of the NTT        surrounded by a small nebula that was       reported to date for SN 1987A. In addi-telescope, together with the good dome         initially excited by a UV flash which       tion to the better seeing, the continuingdesign and excellent La Silla site permit      accompanied the supernova explosion.        decline in the brightness of the superno-routine observing in conditions of sub-        Evidence for the nebula was first seen in   va reduces the contamination of faint,arcsec seeing. We have used the N l T          IUE spectra taken several months after      nearby features by scattered supernovaand an RCA CCD on August 27, 1989              the explosion (Wamsteker et al., 1987;      light. Thus, these data show theUT to obtain new direct images of              Fransson et al., 1989). Later, narrow op-   nebulosity near the supernova with un-SN 1987A. These images have a sam-             tical lines from the nebula appeared in     precedented clarity. Ghost reflections inpling of 0.26 arcsec per 30 ym CCD             spectra obtained in Dec. 1987 (Wampler      the equipment are not a problem sincepixel and are described below.                 and Richichi, 1989). Crotts et al. (1989)   field star images are sharp, with no evi-    Figure 1 a-b reproduces two images         have given results of images taken in       dence of halos or extraneous images.taken through narrow band interference         late 1988 and early 1989 with seeing of        It is clear from Figure 1 that there isfilters, one centred on [OIII] and the         0.68-0.84 arcsec FWHM. On April 1 of        extended nebulosity in a "C" shaped arcother inathe neighbouring continuum at         this year, an ESO image of the nebula       running from 2 arcsec north of theh 51 18 A. Gaussian fits to the star im-       around SN 1987A was obtained in see-        supernova, through the east to aboutages in the CCD frames showed that the         ing conditions of 0.85 arcsec. That ESO     2 arcsec south of the Supernova. Theseeing disks are slightly less than            data were published in an earlier           nebula is well marked in [OIII] light and0.5 arsec full width at half maximum            Messenger article (D'Odorico and           is also faintly seen in the h 51 18 A con-(FWHM).                                         Baade, 1989).                              tinuum exposure. The knotty structure    With such good imaging it is possible         Despite the fact that the airmass for    of this nebula was noticed in April 1989to explore the circum-supernova envi-          our observations was nearly two, the        by D'Odorico and Baade (1989) al-ronment in detail. It has been known for       seeing conditions for the narrow-band       though they could not rule out its beingsome time that the supernova is                 images shown here are better than any      an artefact of the extensive deconvolu-                                                                      I
Figure 1 a: (left) Image of SN 1987A neighbourhood taken with an interference filter centred at d 5007A. b: (right) the same region with a filtercentred at d 51 18 A. For both pictures north is up and east is left. The supernova is the bright image located between two stars in the centre ofthe picture.
tion applied to their (lower-resolution)         by D'Odorico and Baade (1989). The                 ure 2 gives two views of perspectivedata. The nebula was clearly detected            elongation of the circumstellar nebula             plots of the raw images in continuumby Crotts et al. (1989), and is attributed       shows that the progenitor red super-               and [OIII] light. It can be seen that, whenby them to a light echo from a dust              giant wind was not symmetrical. Fig-               compared to the continuum exposure,sheet located behind the supernova.   This interpretation may not be correct,since our images show that the distribu-tion of [OIII] light is about the same asthe distribution of continuum light. If thelight echo explanation is correct, veryrapid recombination of O++ would berequired for the emission line light dis-tribution to track the continuum lightecho. Furthermore, the differences seenwhen comparing the Crotts et al. (1989)data with the NTT images do not con-firm the general expansion that wouldbe predicted by their light echo model;the morphology of the arcs near star 2(the brighter, NW star) reveal little, if any,change between March and August1989. By contrast, 2 arcsec to the southof the supernova a new patch hasappeared (which is even brighter thanany of its northern counterparts). Theobservations of D'Odorico and Baade(1989) further support these conclu-sions. A comparison between line andcontinuum images suggests that theouter nebula is a mixture of gas anddust. Clearly, light travel delays in thenebula must influence the appearanceof the structures, but the observedchanges indicate that the geometry ismore complicated than the simple mod-el given by Crotts et al. (1989).   Within the outer nebula, and approxi-         Figure 2: Three-dimensional views of the images shown in Figure 1. For both the [0111] and                                                 continuum images two views, 180" apart, are shown. Note that the intensity is plotted on amately centred on the supernova, is a            logarithmic (magnitude)scale in order to show faint, outlying features. The upper plot is in [O111]bright, smooth, oval nebula with radii of        light and shows excess emission around the (central) supernova image. The two outlying starabout 1.3 arcsec E-W and 0.9 arcsec              images show little change between the upper [0111] plot and the lower continuum plot. ThusN-S. The E-W elongation of the central           there was little change in the seeing during the 7 minutes that separated these two shortpart of the 0[111] nebula was earlier noted      exposures.                                                                                                 the [OIII] exposure shows excess emis-                                                                                                 sion in the region around the supernova.                                                                                                 Gaussian image profiles, adjusted to the                                                                                                 field stars, were used to crudely remove                                                                                                 the contribution of the supernova core                                                                                                 and the two field stars from the image of                                                                                                 the nebula. Figure 3 shows the results of                                                                                                 this simple cleaning procedure. Figure 4                                                                                                 gives a contour plot of Figure 3. The                                                                                                 amount of "supernova core" that was                                                                                                 subtracted is arbitrary. In the future,                                                                                                 more sophisticated models of the see-                                                                                                  ing images and a more careful scaling of                                                                                                 the supernova core, using continuum                                                                                                  information from slit spectra, will allow                                                                                                  better separation of the nebula from the                                                                                                 star images.                                                                                                      If the outer parts of the expanding                                                                                                  supernova envelope are moving at                                                                                                  0.1 c, that gas would subtend 0.5 arc-                                                                                                  sec at the present time. When the ex-                                                                                                  panding supernova envelope gas be-                                                                                                  gins to interact with the circumstellar                                                                                                  material one might expect that NTT im-                                                                                                  ages taken of the supernova in condi-                                                                                                  tions of excellent seeing would show a                                                                                                  bright, new nebula appearing in the core                                                                                                  region. The pixel size of the CCD used                                                                                                  for these observations is too large for                                                                                                  good sampling of very small images,                                                                                                   but a camera with a different scaleFigure 3: The nebulosity around SN 1987A after model star images, centred on the real stars,were subtracted from the frame. Because the Gaussian profiles used to model the star images                                                                                                  should be capable of detecting theonly approximately match the real stellar profiles, rather large residuals remain.                 nebula.                                                                                                      The first indication of an interaction                                                                                                   between the supernova envelope and                                                                                                  the surrounding nebula could be a                                                                                                   sudden increase in X-ray emission from                                                                                                  the region since the collision of the                                                                                                   rapidly expanding envelope with cir-                                                                                                   cumstellar gas will generate a strong X-                                                                                                   ray flux. The N l T images will be impor-                                                                                                   tant, since they will show if the expand-                                                                                                   ing supernova envelope is also                                                                                                   asymmetrical and how its asymmetry                                                                                                   relates to that of the circumstellar cloud.                                                                                                   Early polarization measurements in the                                                                                                   I band (Schwarz 1987) indicate intrin-                                                                                                   sic polarization with a position angle                                                                                                   near 0".
                                                                                                  References                                                                                                 Crotts, A.P.S., Kunkel, W.E., McCarthy,                                                                                                   P.W. 1989, Ap. J. Letters, (LASP Preprint                                                                                                   NO. 89-10).                                                                                                 D'Odorico, S. and Baade, D. 1989, The                                                                                                   Messenger, 56, 35.                                                                                                 Fransson, C., Cassatella, A., Gilmozzi, R.,                                                                                                   Kirshner, R.P., Panagia, N., Sonneborn, G.                                                                                                   and Wamsteker, W. 1989, Ap. J., 336,                                                                                                   429.                                                                                                 Schwarz, H.E. 1987, in Proc. ESO Workshop                                                                                                   on SN 1987A, ed. I. J. Danziger, Garching,          -4.0               -2.0            0.0                   +   2.0            +4.0         p. 167.                                                                                                 Wamsteker, W., Gilmozzi, R., Cassatella, A.                                      POSITION (arc-sec                                            and Panagia, N. 1987, IAU Circ., No.Figure 4: A contour plot of Figure 3. Outside of the central region where data are confused by     4410.uncertain subtraction of the supernova's stellar core, the oval shape of the nebula is           Wampler, E.J. and Richichi, A. 1989, Astron.maintained over several contours.                                                                  Astrophys., 217, 31.Axial Support Prototypes for the VLT   Two prototypes of axial support for the primary mirror of the VLT are currently under evaluation tests in Garching. Theseactuators can produce push or pull forces in the range of -t 1000 Newtons with a sensitivity of 0.03 N. 150 similar actuators willsupport each of the primary mirrors and correct low frequency aberrations of the reflecting surface. In each support, anintegrated force sensor measures the actual force applied to the mirror through a local electronic control loop receiving forcecommands from the telescope computer. A final prototype, taking advantage of the evaluation, will be developed at ESO in1990. It represents one of the major elements of the active optics principle.                                       S. Prat (ESO)

Visitor Facilities and User Support at ESO-Garching
D. BAADE, ESO1. Introduction                              been comprehensively described else-        on the proposal for the observing pro-                                             where. The following therefore tries to     gramme concerned. Experience has fur-   Every year, nearly 200 Visiting As-                                             be reasonably complete in the latter        thermore shown that, unless a meticu-tronomers come to the ESO Headquar-                                             area and purposely pays only little         lous log has been kept of the observa-ters in Garching in order to reduce their                                             attention to technical information which,   tions, much time can be wasted if theobservations obtained at La Silla, to pre-                                             however, is detailed in various dedi-       data reduction is not done by the ob-pare such observations, or as of more                                             cated operating manuals (cf. below).        server. Likewise, the preparation of ob-recently also to do the observations                                                                                         servations, e.g. for Optopus, is alsounder remote control. As this is a size-                                                                                         best done by the observer. Normally,able fraction of the total ESO users                                             2. Who is Supported?                        the number of people invited to Garch-community, the equipment available for                                                                                         ing will be limited to one per observingthese purposes and the operational pro-         The user facilities in Garching are                                                                                         programme, regardless of the task to becedures followed perhaps do not re-          offered for the preparation and reduc-                                                                                         performed.quire much of a description to the read-     tion of observations at La Silla only anders of the Messenger. On the other           if applicable to the type of data. Otherhand, a broad overview has not               users may be considered, depending on          How Much Does it Cost?appeared before, and, more important-        the availability of resources.ly, ESO's policy for the operation and          The person coming to Garching               To Visiting Astronomers who at theusage of the visitor facilities has not      should be one of the applicants named       time of their visit to Garching are affili-ated to an astronomical institute in oneof the ESO member countries, the user                          CNRS    - Observatoire de Haute-Provence andfacilities are made available free of                                  European Southern Observatorycharge (only in connection with an ob-sewing programme at La Silla). ESO will                    2nd ESOIOHP Summer Schoolcover their travel expenses (round trip;first-class train or lowest air fare and                   in Astrophysical Observationstransportation to and from the railwaystation or airport) between that institute                Observatoire de Haute-Provence, Franceand Garching and pay them a daily sub-                                16-26 July 1990sistence allowance (at present DM 50) inaddition to providing free accommoda-               The rapid advances made in the area of astronomical instrumentation hadtion. This support is given only once per        the side effect that fewer students have ready access to up-to-date observingobserving trip to La Silla (or Garching, in      facilities. As a contribution to reducing this imbalance in the training of youngcase of Remote Control observations).            astronomers, the ESOIOHP Summer School offers the opportunity to gain   In all other cases, ESO does not make         practical experience under realistic conditions.any financial contributions. One of the             In groups of three students, each guided by an experienced observer, theguest rooms in the ESO building may be           participants will use the equipment of the OHP to carry out a small observingprovided if available, for which there will      programme with telescopes of 1.2-1.9 m aperture (direct imaging or spec-be a nominal charge of presently DM 20           troscopy, both with a CCD detector), to reduce the data with a modern imageper night. The usage of computers,               processing system (MIDAS or IHAP), to extract relevant additional informationmeasuring machines, etc. normally is             from the astronomical literature, and to describe the results in a brieffree.                                            summary which is to be presented to the other participants at the end of the   Consumables (magnetic tapes, hard-            school.copies, etc.) will always have to be paid           In order to prepare and supplement the practical work, there will be one 90-for if their usage considerably exceeds          minute lecture per day by invited specialists. The subjects foreseen include (a)the average level.                               modern telescope layout, (b) high-sensitivity detectors, (c) design of high-                                                 throughput optical instruments, photometry with (d) photomultipliers and (e)                                                 CCD's, high-resolution (f) spectroscopy and (g) imaging, (h) fiber applications4. For How Long are the Facilities                                                 in low-resolution spectroscopy, (i) infrared observations, and (k) data reduc-   Made Available?                                                 tion techniques. All courses, etc. will be given in the English language. (A   With the exception of Remote Control          report on the 1st ESO/OHP Summer School appeared in the Messengerobservations, the length of the stay in          No. 53, p. 11.)Garching will depend on the type and                Applications are invited from graduate students working on an astronomi-amount of data and the experience of             cal Ph. D. thesis at an institute in one of the ESO member countries. Applica-the visitor. A typical duration is one           tion forms are available from the organizers and have to be returned by Marchweek.                                            31st, 1990. A letter of recommendation by a senior scientist who is familiar   Whenever possible, the PDS and Op-            with the applicant's work is additionally required. Up to eighteen participantstronics plate measuring engines are              will be selected and have their travel and living expenses fully covered by ESOallocated to only one user per day in            or OHP.order to minimize the need for recalibra-                                                 The Organizers:tions. IHAP and MlDAS users can book                                                 M. P. Veron                              D. Baadeas much time on the respective compu-                                                 Observatoire de Haute-Provence           European Southern Observatoryters as they think they can stand in a 24-                                                 F-04870 Saint-Michel-llObservatoire      Karl-Schwarzschild-Str. 2hour period. However, time in the after-                                                 France                                   D-8046 Garchingnoon may be reserved only one day in                                                                                          F. R. Germanyadvance and for a maximum of two                                                 ~ ~ ~ ~ l ~ MIRA@FRON151                                                              i t n e t :                 VISAS@DGAES051hours per day. This rule is the only way                                                 X25: PS1%0208004042183::MIRA             PSIY00262458900924::VlSASto ensure that users who may, e.g., wish                                                 SPAN: 29240::MIRA                        ESOMCI ::VISASonly to look at an image can do sowithout having to wait unreasonablylong for a work station with image dis-play.
                                              introduction or have special require-        6. Where will Visiting Astronom-
5. When Can Visiting                                              ments. Requests communicated to us              ers be Accommodated?   Astronomers Come?                                              with less than 10 days notice will be  We aim at making our equipment              considered only in exceptional cases.           Together with some other researchavailable 365 days per year, 24 hours a          If known in advance, Visiting As-         institutes, the ESO building is situatedday. However, technical support and           tronomers may arrive at any time on any      about 2 kilometres outside Garching, ascientific assistance are provided only       day of the week. However, unless you         town of 15,000 inhabitants and 15during normal working hours (Remote           are very familiar with the tools you in-     kilometres from Munich. To the extentControl observations are, of course, ex-      tend to use and have also handled them       possible, we therefore try to accommo-cepted from this rule).                       relatively recently, we strongly advice      date Visiting Astronomers in one of the   If you have a strong preference for        you against coming to Garching shortly       four guest rooms in the ESO building.certain dates of your stay in Garching, it    before a weekend or public holiday. If       For Remote Control observers, specialis important that you contact us 4-6          there is a problem in getting started, it    arrangements have been made with aweeks in advance. This is particularly        would take the whole weekend before a        guest house in Garching for a room thatimportant if additionally you need an         solution can be attempted.                   offers a maximum of quiescence alsoduring the day. Remote Control obser-          the instrument and is also in charge of       imposes limitations which are not veryvers will always be offered a car for          the on-line data reduction with IHAP for       important in every single case. How-transportation between the guest house         quality control, etc.                         ever, if one starts random experiments,and ESO whereas all others may use an             With this partial exception of the Re-     the time lost will rapidly accumulate. ForESO car only after office hours and if it is    mote Control Facility, it is expected that   data reduction, although (unlike observ-not needed otherwise.                          all equipment whose usage has been            ing) not tied to a rigid external clock, a                                               authorized is operated by the visitors        detailed work plan is perhaps even more                                               themselves.                                   critical because it must be realized that7. What Kind of Work is Possible?                                                  Instruction manuals are available for      for most observations their proper pro-   We aim at supporting the reduction of       all standard tasks. However, anyone           cessing is much more complex a taskdata obtained with all major observing         who has ever been alone with a new            than their acquisition. It is important that modes of the standard instruments             piece of software or hardware and its         you come with a clear idea of what shallused at La Silla (take the latest call for     user guide knows that often this is not       be extracted from the data and what proposals to see how long the list has        sufficient to get quickly started. There-     steps are, therefore, needed. Our intro-grown). Only sub-mm observations,              fore, we offer a personal introduction to     duction aims at helping you to use effi- polarimetry and photoelectric photome-        everyone who asks for it. The introduc-       ciently the software pertaining to yourtry (optical and infrared) are currently       ing astronomer will stay with you until at    problem. It cannot, however, serve as aexcluded because there are no ade-             least one cycle of operations has been        substitute for your carefully studying thequate high-level command procedures            completed and will also be available to       relevant parts of the MlDAS (or IHAP)available in either IHAP or MIDAS. This        answer questions during (most of) the         manual.is not to say that the reduction of such       rest of your stay.                               Another point that should be givendata is not possible in principle. But it is      Usually, the introduction is given by      consideration in advance (in most casesnot very efficient in practice, and ESO        one of the ESO students or postdoctoral       that is: prior to the observations) isdoes not provide any recipes as to how         fellows. They stay for only two, at most      the need for calibration data such asto proceed. For the full 2-D reduction of      three, years at ESO. On the other hand,       standard star         fluxes,    laboratorylong-slit spectra and the calibration of       the spectrum of possible applications of      wavelengths, etc. For standard La Sillaslitless spectra only limited means exist      the facilities available is both very broad   instrument configurations the necessaryat the moment. The handling of IR data         and dense, and nearly every set of ob-        data are available in Garching, but it isis particularly intimately connected with      servations is different from the others.      the responsibility of the user to verifythe advances made in the understand-           Therefore, it is hardly avoidable that al-    that they satisfy his needs and to being of the often delicate instrumentation;     most all introductions include a learning     able to find alternatives if necessary.optimization of observing, calibration,        phase also for the introducing as-and reduction procedures are still going       tronomer. We do have to ask for youron.                                            patience.                                     9. What Technical Information is   Photographic plates (direct images or          Kindly note that an introduction can          Available?spectra) can be digitized with the PDS         be arranged for only if we know aboutand the Optronics measuring machines.          your needs at least 10 days in advance.          As stated in the Introduction, thisAstrometry - also in preparation of Op-           The importance of careful prepara-         summary has attempted to stay clear oftopus observations - is possible with          tions also on the part of the visitor         technical details. This type of informa-the Optronics; the reduction software is       cannot be overemphasized. This al-            tion is collected in a fair number of usercurrently being ported to the MlDAS en-        ready applies to observations under lo-       guides. The ones most relevant for thevironment.                                     cal control on La Silla. Under remote         work of Visiting Astronomers in Garch-   The instruments which can be used           control, the bandwidth of the data link       ing are:under remote control from Garching arepresently the Boller & Chivens spectro-graph with CCD and the direct CCDcamera at the 2.2-m telescope and both         The ESO Research Student Programme:Short and Long Camera (with CCDonly!) at the CAT/CES.   Computers are made available for theusage of ESO software only, i.e. VisitingAstronomers wishing to run their ownsoftware first have to seek ESO's ap-              This new programme was describedproval.                                        in some detail in an earlier issue of the   Whenever you are not sure if your           Messenger (55, p. 12). The correspond-requirements are satisfied by standard         ing brochure was announced in the lastprocedures, contact us as early in ad-         issue (57, p. 38), but for various reasonsvance as possible so that we can think         the printing was delayed until late Oc-about alternatives.                            tober.                                                   The brochure has in the meantime8. How is the Work Done':                      been sent to all institutes in the ESO                                               member countries. Since the next-  Remote Control observers are                 following application deadline statedassisted during their entire observing         therein (December 1, 1989) would berun by a Remote Control Operator               too short, it has been decided to extendwhose task it is to ensure the smooth          it to January 15, 1990.functioning of the system in general and          Thereafter, the normal deadlines willthe link to La Silla in particular. The        be as indicated, that is on May 1 andobserver will, as on La Silla, command         December 1.     A short guide to ESO-Garching for Visiting Astronomers tries to set poin-                         First Announcement of the 2ndESOIST-ECFters to possible answers for most of thepractical questions which Visiting As-                            Data Analysis Workshoptronomers may foreseeably have. It isautomatically sent to every new visitor                                 ESO, Karl-Schwarzschild-Str. 2prior to hislher travel to Garching.                                       D-8046 Garching, FRG     The Remote Control User Guide de-                                            April 24-26, 1990scribes the design and performance ofthe RC system. It assumes that the                  The aim of the Workshop is to provide a forum for discussions of astronom-reader is already familiar with the instru-       ical software techniques and algorithms. It is held annually during the springment to be used. For the time being,              (AprilIMay) and centres on a different astronomical area each time. Due toESO's policy is to offer RC observations          available space, participation will be limited to 80 people. Last year it wasonly to observers who have already ob-            necessary to reject some people and we therefore recommend that youtained some experience on La Silla with           send in the corresponding participation and accommodation forms wellcomparable equipment although this is             before the deadline.in no way necessitated by the function-             The topic for the 1990 Data Analysis Workshop is the analysis of spectralality of the RC system. The document is           data. The scientific section of the meeting will consist of three sessions, eachmailed to new users at the time when              starting with a main talk after which papers of 5-10 minutes duration can bethey are informed that Remote Control             presented. The last day is reserved for general user meetings for MlDAS andobservations will be offered to them.             ST-ECF.     User guides for remotely controlable           The tentative agenda is: La Silla instruments (see Sect. 7).     The Local Guide for New VAX/VMS                Analysis of Spectral Data Users tries to get people started who on           April 24: 14 : 00-1 8 : 00:   Standard Spectra the ESO VAX computers wish to use                  April 25: 09: 00-1 2:30:      Long Slit Spectra functions of the VMS operating system                        14: 00-1 7:30:      Echelle Spectra that are not covered by MIDAS.                     April 26: 09:OO-12 : 00:      MlDAS users' meeting     Similarly, three documents (i) Intro-                    12 : 00- 12 :30:    European FITS Committee duction to Portable MIDAS, (ii) Getting                      14: 00-1 7: 30:     ST-ECF users' meeting started with UNIX, and (iii) Introduction to the X 1 1 Window System have been                We especially welcome contributions on algorithms and techniques for: prepared in order to provide the                 extraction of spectral data, analysis of line profiles, estimates of the con- necessary ancillary information to users         tinuum, rebinning and instrumental response. We encourage people to pre- of the Portable MlDAS on one of the              sent their work in these areas even if it is only ideas. After each introductory workstations with the UNIX operating             talk, we will have a more informal discussion where such contributions can be system. (The first of the three docu-            made. We also plan to have a poster session where people can present short ments is of course useful with any instal-       contributions. Proceedings of the scientific sessions will be published. lation of the Portable MIDAS.)                     The scientific organizing committee includes:     Updates to the MlDAS User Guide                P. Grosbral (Chairman) P. Benvenuti are released twice a year by the ESO               D. Baade                 S. D'Odorico lmage Processing Group. Appendix D of              M. Rosa                  J. Wampler Vol. A also describes the peripheral de- vices that are available to MlDAS users            Contact address: Ms. Susan Lively, lmage Processing Group, European in Garching. Sending the full two-vol-           Southern Observatory, Karl-Schwarzschild-Str. 2, D-8046 Garching, FRG. ume user guide to Visiting Astronomers             EARN : SUSAN@DGAES051 who will reduce only one type of data is           SPAN : ESOMC1::SUSAN  not a very efficient use of our resources. We are, therefore, studying how best to  compile instrument-specific MlDAS  documentation kits.      A cookbook which only describes             The user guide for the Measuring          photo-multiplier tube has been replaced  how to operate the MlDAS Echelle             Machine Facility (MMF) will soon have to     by a linear multi-channel Reticon array  Package and the relevant devices (the        be re-written when the central HP com-       in order to enable faster scans of larger  first version pertains only to the VAX) is   puter has been replaced by a Stellar         fields.  in preparation.                              machine. It is applicable anyway only to        The Optopus user guide not only de-      Copies of the /HAP manual are avail-     the PDS as the Grant machine has been        scribes this instrument and its operation  able on request. A new (and presum-          taken out of service and the Optronics       but it also details how to prepare the  ably also the last) edition is in prepa-     has already undergone some changes           input data required for the drilling of the  ration.                                      (cf. below). New users of the MMF will       star plates. Some modifications of this      The Atlas of the Thorium-Argon           automatically receive this manual and        chapter will become necessary once the  Spectrum for the ESO Echelle ?pectro-        the one of the measuring machine con-        software has been ported to the MlDAS  graph in the AA 3400-9000A Region            cerned (see below).                          environment. New users of Optopus will  (ESO Scientific Report No. 6) is useful         The user guide for the PDS probably       receive this manual automatically prior  not only for CASPEC but also for             is one of the oldest ones in the organiza-   to their visit to Garching.  ECHELEC data and CES spectra. An             tion that continue to be valid.                  STARCAT will eventually hold all ob-  identification of the He-Ar spectrum at         Of the manual for the Optronics           servations obtained with ESO tele-  low resolution is given in an appendix of    machine, only a draft version is available   scopes or the Hubble Space telescope.  the IHAP manual.                             at the moment. In this machine, the          Currently, a fair number of all kinds of                                                                                                                                     17astronomical catalogues have been                      before be handled by Mrs. Christa Euler.     been assigned to the observing pro-loaded and can be accessed by every-                   They can be reached                          gramme concerned and the number ofone. There are a STARCAT user guide                    0 by phone:                                  the period when the observations wereand a regularly updated documentation                    +40-89-32006-2 23 (Euler)                  carried out;of the on-line available data bases.                                       -473 (Hoppe)                a precise description of the data type   For the future, off-prints of the article           0 by ordinary mail:                          (e.g., EFOSC slit spectra, not justwill be prepared and updated as the                      European Southern Observatory              EFOSC);need arises.                                             Karl-Schwarzschild-Str. 2                     any special requirements;   Please note that the above list only                  D-8046 Garching                               if you already have the operatingcomprises ESO documents for facilities                   Fed. Rep. Germany                          manual(s) which are necessary for thethat can be used at or from Garching;                  0 by electronic mail:                        preparation of your visit (check thethere is also an extensive set of user                   ESOMC1::VISAS (SPAN)                       document list given above);guides for La Silla equipment. The com-                  VISAS@GAES051 (EARN/Bitnet)                   if you need an introduction by an ESOpilation of a completely revised all-ESO                 PS1%0262458900924::VlSAS (X25)             astronomer.manual is in progress. Finally, all Visiting           0 by telex:Astronomers have access to ESO's li-                     52828220 eo d                                                                                                    11. Can Things be Improved?brary.                                                 0 by telefax:                                                         +49-89-3 2023 62                             We try to expose you to a minimum of                                                       0 in person:                                 bureaucracy, to be flexible in the appli-10. How Can a Visit to Garching                                                         office No. 222 (Euler)                     cation of the rules outlined above, and    be Organized?                                                    225 (Hoppe)                    to be efficient in the scientific-technical   If you need more information, e. g. one               For the preparation of your stay in        support we provide. Nevertheless, thereof the documents listed above, or wish                 Garching we need to know:                    will always be situations where you thinkto arrange your stay and work in Garch-                  the name of the person who will come       we could have done better. Please bringing, kindly contact Ms. Elisabeth Hoppe.               and, if different, the name of the Princi-   such cases to our attention. Either weShe will also try to help you with all                 pal Investigator of the programme;           succeed in convincing you that therepractical aspects of your stay in Garch-                 the intended dates of your visit;          were no practical alternatives or we willing. Inquiries concerning observations                   the equipment to be used;                  have to improve our standards so thaton and travel to and from La Silla will as               the identification number that has         we can serve you better next time.

ESO Exhibition Opens in Copenhagen's
New Tycho Brahe Planetarium                                                          After more than five years' hard work     panorama of La Silla under the southern                                                       of preparations and construction, one of     sky in connection with the presentation                                                       the largest and most modern planetaria       of the more recent SN 1987A.                                                       in Europe has now opened its doors to           The Queen then visited the exhibition                                                       the public. On October 31, 1989, the         area, where she was shown the ESO                                                       new "Tycho Brahe Planetarium" was            photos and models by the Director Gen-                                                       inaugurated in Copenhagen, in the            eral, Professor Harry van der Laan,                                                       presence of the Danish head of state,        assisted by some Danish members of                                                       H.M. Queen Mararethe II, and nearlv          his staff. The Queen was particular-                                                       300 other disting;ished guests, com-         ly interested in the Very Large Tele-                                                       fortably seated in reclining chairs under    scope project and its astronomical                                                       the tilted 23-metre dome. An ESO Ex-         possibilities. The Minister of Education                                                       hibition had been set up in the new          was pleased to learn about the associ-                                                       planetarium and was officially opened at     ated prospects for Danish science and                                                       the same time.                               industry.                                                          The Queen, who was accompanied               The realization of the first large                                                       by her husband, Prince Henrik of Den-        planetarium in Scandinavia is the fulfill-                                                       mark, and the Danish Minister of Educa-      ment of an old dream by a Copenhagen                                                       tion, Mr. Bertil Haarder, activated the      amateur astronomer, Helge Pedersen                                                       new Zeiss VI TD projector with a well-       and his equally energetic wife, Bodil                                                       placed shot from a laser pistol. Not un-     Pedersen. Now in their eighties, the                                                       expectedly, the first programme was          handsome couple created in 1984 the                                                       devoted to her famous countryman of          "Urania-foundation" with an initial dona-                                                       the 16th century. The title is "Tycho's      tion of 50 million DKK. Helge Pedersen                                                       Star", referring to the supenova that        was on a trip to Indonesia to watch the                                                       deeply impressed young Tycho in              solar eclipse the year before when the                                                       November 1572 and which led him to           idea first came to his mind. The naming                         TYCHO BRAHE                   the construction of more accurate in-        reflects his life-long admiration of the                                                       struments. The ESO people present at         famous Danish astronomer and his wish  slUlrmul               PLANETARIUM-                                                 -I  GI. Kongevei10.1610 KsrbenhovnV~Billefsolg33121224                                                       the inauguration were pleased to wit-                                                       ness the projection of a magnificent                                                                                                    to contribute to the "rehabilitation" of                                                                                                    Tycho Brahe in the country which theProfessor Harry van der Laan shows the model of the ESO La Silla observatory to the Queen. In the background Prince Henrik, Mr. Ebbe Fogh-Hansen (Chairman of the Urania Foundation) and at the right, Mr. Bertil Haarder, Minister of Education.astronomer had to leave when support           every hope that astronomy in Denmark           tion after a visit to the Tycho Braheto his observatory on the island of Hven       will greatly profit from this new facility.    Planetarium? We at ESO are happy towas withdrawn by King Christian IV.            Who knows how many young, potential            contribute to this noble cause.   Plans for a major planetarium in            "Tychos" will be deflected in our direc-                                    R. M. WestCopenhagen were made already in the1960's, but had to be shelved when noagreement could be reached aboutthe site. However, the Tycho BrahePlanetarium is now situated on one ofthe most beautiful spots in the centralcity area, next to Sankt J~zrrgensLake,and only 5 minutes' walk from the fa-mous Tivoli Gardens. The managementexpects about 400,000 visitors a year,and facilities for multi-language presen-tations have been implemented to caterfor the many tourists who pass throughthe Danish capital. It is good to note theheavy involvement of amateur and pro-fessional astronomers in the daily life atthe planetarium; the first school classeshave already been received and theevening courses given under the aus-pices of "Peoples' University", now heldat the planetarium, report the highestnumber of students of all ages ever re-corded.   The planetarium also includes an OM-

shown are "Sacred Site" about Comet
~ ~ and  l l u~ ~ ~                  ~ ~ n On November 16, seventeen young Europeans visited ESO and the Space Telescope                    h , ~ is ~ l i about                  D~~~~                                           European Coordinating Facility at the invitation of the European Space Agency. They were thethe US Space Shuttle. There is also a                                           winners of an ESA Essay competition based on the theme "Astronomy from Space" - chosenmuch-visited restaurant' "Cassiopeia".     because of the impending launches of the Hipparcos satellite and of the Hubble Space            that the public will be at-    Telescoae.  The visit. which included ~racticaldemonstrations of MIDAS and a tour of the                                                 ~                                                  ~, ~~

tracted!                                   Optical and Photo ~ a b s was
                                                                     ,    very much appreciated by the young people (all of them high-   Judging from the etmrmOUS interest school students) and was crowned by a warm convivial happening with ESO and ECF staff in aof the Danish media in this event there is typical Munich downtown restaurant.                                     P. Benvenuti (ST-ECF)                                                                                                               Telescopes, their lnstrumentation                                                                                                               and Programmes", Garching, April                                                                                                               1984                         DM 80,-                                                                                                     No. 20: ESO Workshop on "The Virgo Clus-                                                                                                               ter", Garching, September 1984                                                                                                                                            DM 50,-                                                                                                     No. 21: ESO Workshop on "Production and                                                                                                               Distribution of C, N, 0 Elements",                                                                                                               Garching, May 1985           DM 50,-                                                                                                     No. 22: ESO-IRAM-Onsala Workshop on                                                                                                               "(Sub)Millimetre Astronomy", As-                                                                                                               penas, Sweden, June 1985                                                                                                                                            DM 70,-                                                                                                     No. 23: Second ESO-CERN Symposium on                                                                                                               "Cosmology, Astronomy and Funda-                                                                                                               mental Physics, Garching, MarchESO Publications                                             Stars", Geneva, March 1980 (out of                                                             print).                                                                                                               1986                         DM 35.-                                                                                                     No. 24: Second Workshop on ~ S b ' s - v e r y                                                    No. 11: The First ESOIESA Workshop on the                  Large Telescope, Venice, Sep-    Over the years, ESO has published a                      Need for Coordinated Space and                    tember-October 1986 (out of print) number of Conference Proceedings and                        Ground-based      Observations -        No. 25: ESO-OHP Workshop on "The Op-other books. The topics cover most of mod-                   DWARF GALAXIES, Geneva, May                      timization of the Use of CCD Detec-ern astronomy and reflect current frontlines in              1980                     DM 10,-                 tors in Astronomy", Observatoire deastronomical science and technology.                No. 12: ESO Conference on "Scientific Im-                  Haute-Provence, June 1986    For the benefit of scientists and librarians,            portance of High Angular Resolu-                                               DM 45,-all of the volumes are shown here, together                  tion at lnfrared and Optical            No. 26: ESO Workshop on the "SN 1987A,                                                             Wavelengths", Garching, March                     Garching, July 1987          DM 50,-with a complete list of titles and quotation of              1981                     DM 50,-        No. 27: ESO Workshop on "Stellar Evolutionprices (unless out of print). The prices include    Evolution in the Universe. Symposium held                 and Dynamics in the Outer Halo ofpacking and postage (surface mail). Publica-                on the occasion of the inauguration               the Galaxy", Garching, April 1987tions which belong to the ESO Conference                    of the ESO Headquarters building in                                             DM 50,-and Workshop Proceedings series are num-                    Garching on 5 May 1981 DM 20,-           No. 28: ESNESO Conference on "As-bered.                                              No. 13: ESO Workshop on "The Most Mas-                    tronomy from Large Databases -    The books must be prepaid by transfer to                sive Stars". Garchina.", November                 Scientific Objectives and Meth-                                                             1981                     DM 50,-                 odological Approaches, Garching,the ESO bank account 2102002 with Com-                                                    No. 14: ESO Workshot, on "The Need for                    October 1987                  DM 50,-merzbank Munchen (BLZ 70040041), or by                      Coordinated dround-based Obser-          No. 29: NOAO-ESO Conference on "Highcheque, addressed to the attention of                       vations of Halley's Comet", Paris,                 Resolution Imaging by Interferome-         European Southern Observatory                      April 1982                DM 40,-                 try" (2 volumes), Garching, March         Financial Services                         No. 15: "Second ESO lnfrared Workshop",                    1988                         DM 90,-         Karl-Schwarzschild-Strasse 2                       Garching, April 1982      DM 50,-        No. 30: ESO Conference on "Very Large Te-         D-8046 Garching bei Munchen                The ESOlUppsala Survey of the ESO (B)                     lescopes and their Instrumentation",         Fed. Rep. Germany                                  Atlas. Ed. by A. Lauberts. 1982                   (2 volumes), Garchino, - March 1988    Please make sure to indicate clearly the                                          DM 40,-                                               DM 90,-                                                    No. 16: ESO Workshop on "Primordial              The Surface Photometry Catalogue of thetitle and number, and also your full address.               Helium", Garching, February 1983                  E S O - U ~ ~ s a lGalaxies.                                                                                                                                 a         Ed. bv A.                                                                                      DM 50,-                 ~auberjsand A. Valentijn) 1989 'The Magellanic Clouds. Based on the Sym-            No. 17: Workshop on "ESO's Very Large Te-                                               DM 40,-         posium on the Magellanic Clouds                    lescope", Cargese, May 1983              No. 31 : 1st ESOIST-ECF Data Analysis         held in Santiago de Chile, March                                             DM 40,-                 Workshop, Garching, April 1989         1969, on the occasion of the dedica-       No. 18: ESO Workshop on "Site Testing for                                               DM 30,-        tion of the European Southern Ob-                   Future Large Telescopes", La Silla,      No. 32: ESOIST-ECF Workshop on "Ex-        servatory. Ed. by A.B. Muller (out of               October 1983              DM 25,-                 tranuclear Activities in Galaxies",        print).                                     First ESO-CERN Symposium on "Large-                       Garching, May 1989            DM 40,-No. 1: ESOICERN Conference on "Large                        Scale Structure of the Universe,         No. 33: ESO Workshop on "Low Mass Star        Telescope Design", Geneva, March                    Cosmology and Fundamental Phys-                   Formation and Pre-Main Sequence         1971 (out of print).                               ics", Geneva, Nov. 1983 DM 35,-                   Objects", Garching, July 1989No. 2: Conference on "The Role of Schmidt           No. 19: IAU Colloquium No. 79: "Very Large                                              DM 50,-        Telescopes in Astronomy", Ham-        burg, March 1972            DM 16,-No. 3: ESOICERN Conference on "Auxiliary         lnstrumentation for Large Tele-        scopes", Geneva, May 1972 (out of           New ESO Scientific Preprints        print).No. 4: ESO/SRC/CERN Conference on        "Research Programmes for the New            (September- November 1989)                              novae of Type la. Astronomy and As-         Large Telescopes", Geneva, May                                                                     trophysics.        1974                        DM 40,-         671. M. Pierre: Probes for the Large Scale       676.   G.A. Tammann and B. Leibundgut:No. 5: ESO Conference on "Optical Tele-                  Structure. Astronomy and Astrophy-                 Supernova Studies IV: The Global Value        scopes of the Future", Geneva, De-               sics.                                              of H, from Supernovae l a and the Pe-        cember 1977                 DM 40,-         672. G.V. Bicknell et al.: Physical PropertiesNo. 6: ESO Workshop on "Modern Tech-                                                                        culiar Motion of Field Galaxies. As-        niques in Astronomical Photogra-                 of Jets in Low Luminosity Radio Sour-              tronomy and Astrophysics.        phy", Geneva, May 1978 (out of                   ces. The Astrophysical Journal.             677.   G. Contopoulos: Asymptotic Curves        print).                                     673. B. Reipurth: Poster Abstracts from ESO             and Escapes in Hamiltonian Systems.No. 7: ESAIESO Workshop on "Astronomi-                   Workshop "Low Mass Star Formation                  Astronomy and Astrophysics.        cal Uses of the Space Telescope",                and Pre-Main Sequence Objects".             678.   A. Renzini: The Evolving Stellar Content        Geneva, February 1979       DM 40,-         674. J.-L. Prieur: Status of Shell Galaxies.            of Galaxies and the X-ray Evolution ofNo. 8: ESOISRC Conference on "Applica-                   Invited paper, to be published in the              Elliptical Galaxies. To appear in Win-        tions of CAMAC to Astronomy",                    Proceedings of the Heidelberg Confer-        September 1978 (out of print).                                                                      dows on Galaxies, ed. G. Fabbiano,No. 9: ESO Workshop on "Two Dimension-                   ence on "Dynamics and Interactions of              J.A. Gallagher and A. Renzini (Dor-        al Photometry", Noordwijkerhout,                 Galaxies", Heidelberg, Springer-Verlag.            drecht: Kluwer).        November 1979               DM 40,-         675. B. Leibundgut and G.A. Tammann:             679.   G. Setti and L. Woltjer: AGNs and theNo. 10: ESO Workshop on "Methods of                      Supernova Studies Ill: The Calibration             Spectrum of the X-ray Background. As-        Abundance        Determination    for            of the Absolute Magnitude of Super-                tronomy and Astrophysics, Letters.PROFILE OF A KEY PROGRAMMEA Homogeneous Bright Quasar SurveyC. BARBIERI', S. CRISTIANI', P. ANDREAN/', R. CLOWES~,A. GEMMO', C. GOUIFFES~,A. IOVINO~, F. LA FRANCA'x5, A. SAVAGE^, R. VIO'.'Department ofAstronomy, Padova, Italy; 'European Southern Observatory; 3 ~ o y aObservatory,                                                                                       l             Edinburgh, GreatBritain; Brera Observatory, Italy; 'Institute of Radio Astronomy, Bologna, Italy; 'UK ~ c h m i dTelescope                                                                                                 t         Unit, AAO,Australia1. The Dreams                                 photometry, after only a mean correc-               observational biases. To probe the real   As extremely luminous objects visible      tion for lines, provide bias-free slope             trend, not only the database at faintto high redshifts, quasars have long          and evolution rate of the LF with statisti-         magnitudes has to be enlarged8z9, butoffered the promise of directly exploring     cal uncertainties of only a few per cent            also the incompleteness at bright mag-the distant Universe. Counting quasars,       in all parameters, including the evolutio-          nitudes should be bound or removedhowever boring and repetitive it may          nary time scale. The difficult evaluation           with better samples allowing an ade-appear, allows one to address basis           of the so-called Bennett effect5z6and the           quately sophisticated analysis.issues in Cosmology, such as: when did        "contamination" of the continuum mag-                  The PG bright quasar surveyi6, at thequasars form and how evolved the              nitudes by the lines entering the various           bright end of the Log N-Log S diagram,gravitational engine providing their ex-      filter bandpasses give origin to the                is especially affected because of thetreme energies? How are quasars re-           above-mentioned contradiction. The                  shape of the luminosity function and oflated to galaxies? When did galaxies          problems in the evaluation of the QSO               the low ratio (-2.5) Flo, where F is theform? What structure has the Universe         evolution rate in the presence of obser-            flux and 02 is the variance of the mag-at the largest scales? On what scale          vational biases are explained in detail by          nitudes, compared to other existingdoes the Cosmological Principle finally       Cavaliere, Giallongo and Vagnetti7. In              samples. A true increase of informationapply? Which models can explain plau-         order to understand and account for                 about LF shape and evolution is ob-sibly the transition from the smooth Uni-     these selection effects, we have been               tained only combining rich "homogene-verse of the microwave background to          studying the field of SA 94 for many                ous" samples, i.e. with sensiblythe very inhomogeneous Universe of            years with complementary techniques2.               matched signal-to-noise ratios: if any-today?                                            As a consequence of the unsatisfac-             thing Flo ought to be larger for the                                              tory database, the shape of the                     brighter samples with a magnitude limit                                              Luminosity Function and the determina-              crossing the steep branch of the LF.2. The Reality                                tion of the form of evolution as L                     The present situation of quasar   A number of quasar surveys, carried        (1 + z ) ~                                                       or L cc eT" are uncertain. Trends          counts (for quasars with z < 2.2) isout with different techniques and limit-      of this form, potentially telling about the         summarized in Figure 1.ing magnitudes, have yielded in the last      mechanism to fuel the central enaine (inyears a considerable insight, and details     principle they can reveal if the QSO                                                                                                  3. Our Plansof the evolutionary history of the quasar     phenomenon is driven by the surround-population are slowly emerging as the         ing environment or determined by its                  From the above considerations it candatabase increases. Clustering of             nuclear conditions only), maybe spuri-              be easily seen that a new survey (Flo >quasars on small scales has now been          ously favoured by fits that overlook the            4) is required for the bright part of theconfirmed at the 5 0 level of signifi-cance' and there is also evidence forevolution of the QSO correlation func-tion with cosmic time.   With the development of new tech-niques for automatic detection andanalysis of images, a powerful tool hasbecome available to astronomers. How-ever, to obtain useful cosmological in-formation, it is necessary to carry outstatistically well-defined surveys, allow-ing one to quantify selection effects inthe first place and to minimize the sub-sequent investment of telescope timefor spectroscopic confirmation of thecandidates. The relevance of this pointis well illustrated by the chronic issue ofisotropy in the extant samples.   In another context, while Wamplerand Ponz3 indicated that redshift- andluminosity-dependent        biasessuperpose to the point of allowing mar-                                       may                                                    .Ol =-                                                        - --                                                          -                                                          -                                                           -                                                           -                                                                      m                                                                              a                                                                                                     .                                                                                                     A
                                                                                                     0                                                                                                          CBILN (Ref8 2)                                                                                                          DHM Ref                                                                                                          Mzz b e ,  /J)                                                                                                          A B & F Ref 14)                                                                                                          MBQS (Re 15)                                                                                                          BQS (Ref 16)                                                                                                                                         -                                                                                                                                         -                                                                                                                                         -                                                                                                                                         -                                                                                                                                         -                                                                                                                                         -                                                                                                                                         -                                                                                                                                         -                                                                                                                                         -ginal consistency with no evolution, at            ,001                   I       I    I     I            I          I          I    Ithe other extreme Marshall4 claimed                            15         16          17        18             19          20       21that optical samples whose magnitudes                                                      B (Magnitude)are evaluated by means of simple iris         Figure 1 : The quasar differential Log N - Log S.Log N - Log S diagram where the PGsample is incomplete and the informa-tion from other surveys is still scanty.This happens at 16 < B < 18.25, wherewe expect surface densities of lo-' and1 quasar (z < 2.2) per square degree,respectively.   In order to obtain a number of quasarsstatistically significant we need to sur-vey an area of the sky of 2000 sq. deg.We have selected the zone around thesouth galactic pole, extending belowb = -60°, which has the following ad-vantages:   (a) the galactic absorption is                                                 0     I           I              I            I              I            I             Iminimized. It may be argued, in fact,                3500        4000         4500           5000           5500         6000          6500

that the imperfect knowledge of the                                                   WAVELENGTH IA)
galactic extinction prevents a determi-        Figure 2: Our first Key-Programme quasar. In the upper right (with the direction of thenation of a photometric scale better           dispersion inverted) the tracing of the AQD objective prism spectrum.than a tenth of a magnitude and, ulti-mately, from a detailed understanding of       dently in B, V and R in order to disen-              for UKSTU objective prism data, wasthe fluctuations of the quasar surface         tangle the K-correction effects. The can-            successfully tested, with encouragingdensity''. Furthermore, at lower galactic      didates are selected on the basis of                 results both in terms of success rate andlatitudes the reddening would oblige usto loosen the colour-selection criteria,whose even small modification would                                               clustering analysis on the multicolour                                               spacei2.                                                  To obtain reliable LFs, a good photo-                                                                                                                     -                                                                                                    completeness, aiming at a sample of                                                                                                    QSOs up to z 3. After the second run                                                                                                    (in November) the first meaningfulbring in the quasar locus a number of          metric UBVRl calibration is required, and            counts will be produced.galactic candidates very expensive in          this is accomplished with photoelectric                 In Figure 2 the spectrum of the firstterms of telescope time                        photometry at the 1-m and with CCD                   confirmed quasar of our Key-Pro-   (b) the contamination from galactic         photometry at the 2.2-m telescope.                   gramme is shown. It is nothing specialobjects is minimized. We expect to find           An analogous project in the northern              (apart from the probable Broad Absorp-a large number of quasars and, of              hemisphere will be started with the                  tion Lines) but it has already more thancourse, a much larger number of can-           Asiago Schmidt telescope and will                    one hundred comrades. And when adidates. Even a small departure fromhigh galactic latitudes would again in-crease the number of spurious can-                                               cant statistics down to B 15.5.-                                               eventually enable us to obtain signifi-              thousand of them will gather, some re-                                                                                                    volution may burst.                                                                                                       In this way, counting, counting, wedidates to an unbearable level   (c) a number of other surveys, with                                               4. More Dreams           ...                         hope to fulfil our dreams . . .                                                  A better understanding of the quasarcomplementary techniques, have been                                               luminosity function will not be the onlycarried out on this area of the sky, pro-                                               outcome of this programme:                           Referencesviding an easy way to calibrate our                                                  (a) we expect to find a few hundredselection criteria and check the effec-                                                              I . lovino, A,, Shaver, P.A., 1988, Ap. J. 330,                                               Seyfert galaxies for which a fine tuning                  L13.tiveness and completeness of our                                               of the multicolour technique will allow us            2. Cristiani, S., Barbieri, C., lovino, A,, Lasearch. Other surveys will be carried out                                               to determine a complete sample                            Franca, F., Nota, A,, 1989, Astr. Ap.in the future: for example ROSAT, which                                                  (b) a study of the variability of the ob-              Suppl. 77, 161.will allow to compare X-ray and optical                                               jects (by comparison with the plates of               3. Wampler, J., Ponz, D., 1985, Ap. J. 298,quasar properties; or galaxy redshift                                                                    448.                                               the original ESO blue survey) will allowsurveysi' which would provide the infor-                                                             4. Marshall, H.L., 1985, Ap. J. 289, 457.                                               us to study the LF of the BL Lac objectsmation about the low-redshift absorbers                                                              5. Bennett,A.S., 1962, M.N.R.A.S.125,75.                                               (and to check the completeness of theof the spectra of our higher-redshift                                                                6. Murdoch, H.S., Crawford, D. F., Jauncey,                                               quasar survey), for which only scantybright quasars, etc.                                                                                     D.L., 1973,Ap. J. 183, 1.                                               information is available at present                   7. Cavaliere, A,, Giallongo, E., Vagnetti, F.,   To cover this area of the sky, 77 fields                                                  (c) the large-scale clustering of                      1989, Astron. J. 97, 336.(1925 sq. deg) of Schmidt telescope                                               quasars, for which almost nothing is                  8. Boyle, B.J., Fong, R., Shanks, T., Peter-plates are needed. They will be taken in                                               known, will be studied                                    son,B.A.,1987, M.N.R.A.S.227,717.five (U, B, V, R, I) bandpasses (in place                                                  (d) precise statistical information will           9. Koo, D., Kron, R., 1988, Ap. J. 325, 92.of the 2 or 3 commonly used) not only to                                                            10. Weedman, D., 1986, Quasar Astronomy,                                               be available for millions of objects,select also high redshift candidates                                                                     Cambridge Univ. press, p. 22.                                               which can be used for stellar counts,(which at those magnitudes will be a                                                                11. De Lapparent et al., 1989, The                                               galaxy studies, crosscorrelation withsmall fraction of the quasars), but espe-                                                                Messenger 55, 5.                                               catalogues at different wavebands, etc.cially to reduce the locus occupied by                                                              12. Warren, S.J., Hewett, P.C., Irwin, M.J.,stars to a tiny fraction of the multidimen-                                                              1987, I.A. U. Symp. 124, 661.sional colour space, thus increasing the       5. First Results                                     13. Marano, B., Zamorani, G., Zitelli, V., 1988,success rate and minimizing the time              The first observations of quasar can-                  M. N. R.A. S. 2329                                                                                                    14. Marshall, H. L., et al., 1984, Ap. J. 283, 50.required for follow-up spectroscopy.           didate'' selected On 'late material                  15. Mitchell, K.J., Warnock, A,, Usher, P.D.,The plates are taken within a short time       viously taken at UKSTU and ESO,                           1984, Ap, J , 287, L3.in order to reduce the effects of variabili-   started last               The first One             16. Schmidt, M., Green, R.F., 1983, Ap. J.ty and reach objects about one mag-            and a half field were completed, objects                  269, 352.nitude fainter than the limit of the survey.   in five more fields were observed. An                17. Clowes, R., et al., 1984, M. N. R.A. S. 207,Quasar counts are obtained indepen-            improved AQDI7 selection technique,                       99.ESO's Early History, 1953- 1975V. Earliest Developments in Chile; 24 March 1966: The Road on La Silla Dedicated*A. BLAAUW, Kapteyn Laboratory, Groningen, the Netherlands            "If we look around here, we see what has been achieved in the short period of a little more than one year. - - -an oasis in the desert. "            From the speech by the President of the ESO Council, delivered at the dedication of the road on La Silla.Introduction                                       switch had been no small matter: as               [I]; (b) reports presented by the Director,                                                   mentioned in the ESO Annual Report for            Heckmann, to the Council and his let-   While - as described in the previous                                                   1964 (p. 13),the work on Cinchado had             ters to Oort in which he reports on hisarticle - in Europe Directorate and                                                   implied road construction and erection            visits to Chile in March-April 1964, Au-Council established ESO's administra-                                                   of temporary housing requiring 500                gust and October 1964, March-Apriltive basis, and the first telescopes were                                                   mule loads of building material to be             1965, and September-October 1965built or acquired under the guidance of                                                   transported to the top of Cinchado,               [2]; (c) the minutes of Council and FCthe Instrumentation Committee, work in                                                   much of which had to be brought down              meetings in the FHA; and (d) the AnnualChile proceeded equally energetically.                                                   again . . . From then on, all effort had to       Reports for the years 1964 to 1966.Under the leadership of Andre Muller,                                                   be concentrated on La Silla.since January 1, 1964 Superintendent                                                      Main sources for the present accountfor Chile, a great variety of tasks had to                                                           The Acquisition of the La Silla                                                   are: (a) a series of three reports by Mul-be taken up: building up staff for ad-                                                               Territory                                                   ler to the ESO Directorate, covering theministration and construction, organiz-                                                   period up to the middle of 1965, copies             On October 30, 1964, a contract wasing office facilities, setting up temporary                                                   of which were sent by Muller to J.H.              signed in Santiago between ESO andcamps as basis for the activities on and                                                   Oort as President of the ESO Council              the Government of Chile for the pur-around La Silla, learning to know theChilean world of aovernment and Dro-vincial authorities-and of contractors,etc. A challenging but demandingassignment! For it is one thing to buildup an organization in one's own countrywith its well-known legal structure andsocial traditions - but another one to doso in a foreign country with unfamiliarlanguage, different customs and differ-ent rules.   Two important "happenings" in Chileoffer themselves as reference points forthe historical account. One, in March1966, is the dedication of the road to thesummit area of La Silla, the completionof which was a natural inducement forCouncil to have its meeting in Chile. Thesecond one, three years later, in March1969, is the dedication and celebrationof the completion of the first stage of theconstructions on La Silla, when the mid-dle-size telescopes had become opera-tional: these celebrations coincidedwith Council's second meeting in Chile.In the present article I shall follow de-velopments leading up to the firstone of these events: the period1964- 1966.  Early in 1964, when there still was theprospect of a combined AURA-ESO set-tlement, Muller was engaged in work onthe mountain Cinchado within the AURAterritory, south-west of Tololo. However,these activities were rather abruptly ter-minated after the working group ofHeckmann, Fehrenbach, Rosch andMuller as described in article Ill, hadexplored possible sites outside theAURA domain and found La Silla. This
                                                   Map A: Reproduction - at about half the original size - of a map drawn by A. 5. Muller and* Previous articles   in this series appeared in   accompanying his report to the ESO Directorate of June 29, 1964, describing explorations to Messengers No. 54-57.                             find the best access road to La Silla.chase of an area of 627 square kilomet-                                            had to be cleared. Therefore, already in                in the city of Santiago on which ESOres including the mountain La Silla [3]. It                                        the intervening months between the                      planned to build its Headquarters, andformed part of more extended Govern-                                               choice of La Silla and the conclusion of                the purchase of the Guesthouse. Wement property within which the ESO do-                                             the contract, much activity took place in               shall return to the History of themain had been staked out as proposed                                               the area, to some of which we shall                     Headquarters in the next article, andby ESO with most of the boundaries                                                 return below. Also, an unexpected ob-                   first follow developments around thefollowing dry riverbeds (called que-                                               stacle was encountered when, not-                       Observatory.bradas); see map B. The site is situated                                           withstanding the property rights ofin the border region of the provinces                                              which the Government was convinced,Coquimbo and Atacama, pertaining to                                                it turned out that ownership in the                                                                                                                                           Building up the Observatory;the communities of Vallenar and La Hi-                                             southern part of ESO's area, forming                                                                                                                                           First Step: Road and Campsguera, respectively. The contract defi-                                            part of the Estancia Chingoles, could be                   As a home base for the work on thenes the contours of the property by                                                claimed by a private owner, the Urrizar                 Observatory site, ESO - like AURA -means of the geographic longitude and                                              family. In order to avoid time-consuming                established an Office in La Serena, capi-latitude of the five points A to E marked                                          legal procedures, ESO came to an                        tal of the Province of Coquimbo, whereon map B. The relatively low price ESO                                             agreement with the Urrizar owners, buy-                 the necessary contacts could be enter-paid for the territory, 8000 dollar [4],                                           ing for 6000 dollars this part of the ter-              tained with government services andreflects the interest on the part of the                                           ritory once more [5] - still at a quite                 contractors; it also was the nearest townChilean Government in having the Ob-                                               reasonable price. Moreover, the Urrizar                 with schooling facilities for young chil-servatory established in their Country.                                            family granted ESO the use of 50% of                    dren of ESO staff. These latter included   Preceding the transfer, such ques-                                              the yield of a neighbouring water source                the Muller family who moved from Hol-tions as the accessibility of the moun-                                            on their territory if the need might be.                land to La Serena in March 1964. At atain, the possible amount of water sup-                                            More particulars on this episode are giv-               distance of 480 km from Santiago, theply, the fate of the few settlers on the                                           en in Heckmann's account [6].                           capital of Chile, La Serena became theterritory, and the elimination of existing                                            Parallel to the acquisition of the La                natural centre from where all work hadand potential claims for mining rights                                             Silla territory progressed that of the site             to be co-ordinated. Yet, with La Serena                                                                                                                                           still being 150km distant from the                                                                                                                                           summit of La Silla, construction pro-                                                                                                                                           grammes as well as the first operation of                                                                                                                                           the Observatory would also require ex-                                                                                                                                           tensive provisional facilities for living                                                                                                                                           quarters, construction work, storage                                                                                                                                           and administration in the La Silla area                                                                                                                                           itself. Therefore, camps had to be                                                                                                                                           erected at its base as well as on the                                                                                                                                           summit. But the very first question was,                                                                                                                                           of course, how to get there!                                                                                                                                              The first one of Muller's reports, of                                                                                                                                           June 29, 1964, contains a hand-drawn                                                                                                                                           map of the La Silla area which we repro-                                                                                                                                           duce here at about half the original size                                                                                                                                           (map A). It must have been based on                                                                                                                                           the Government map No. 2971, copy                                                                                                                                           of a relevant section of which is in                                                                                                                                           EHA-I.C.3.1. which also contains con-                                                                                                                                           tour maps of this area. Muller's map                                                                                                                                           serveswell to illustratetheearliest moves.                                                                                                                                              When Heckmann, in his letter to Oort                                                                                                                                           of April 21, 1964 quoted in article Ill,                                                                                                                                           wrote about Cinchado-Nord (the official                                                                                                                                           name of La Silla in the mapping of the                                                                                                                                           lnstituto Geografico Militar) as being                                                                                                                                           the most interesting of the mountains                                                                                                                                           surveyed and accessible from the                                                                                                                                           Panamericana via about 35 km primitive                                                                                                                                           road, he referred to a different track than                                                                                                                                           what would become the present road                                                                                                                                           between the Panamericana and Camp              0                                       10                      20                  30               40 Km                   Pelicano. [N. B. Andre Muller informs me              L   f   l   l   l   l   l   *   t   l   l   f   t   l   ~   ~    ~      ~   ~   t    ~   t   t   t     l     f   ~   ~   ~                                                                                                                                           that                                                                                                                                              ~                                                                                                                                                  the                                                                                                                                                   '  *                                                                                                                                                       name                                                                                                                                                         ~                                                                                                                                                              La ~Silla,                                                                                                                                                              ~       '                                                                                                                                                                         meaning                                                                                                                                                                         t   ~  ~                                                                                                                                                                                   The                                                                                                                                                                                    .    ~   ~                                                                                                                                           Saddle, was at that time already used byMap B: The ESO property as defined in the purchase contract between ESO and the Chilean                                                    the carboneros (charcoal burners) in theGovernment of October 30, 1964. The boundaries are fixed by the geographic co-ordinates of                                                 valleys around the montain.] The trackthe points A, B, C, D, E and the centrelines of the quebradas Pelicano and Las Breas de San                                                                                                                                           mentioned by Heckmann branched offAntonio.Thin drawn line: boundary of ESO property.                                                                                                                                           from the Panamericana at point 557 in-Thin dashed line: boundary of Government property of which the ESO territory formed part.                                                  dicated in map A and entered QuebradaHeavy lines: Panamerican Highway and access road to La Silla.                                                                              Pelicano via Tres Cruces, passing over aHeavy dashed line: Railroad track.                                                                                                         railway bridge as marked in the map.Adapted from Figure 2 in ESO Annual Report 1964.                                                                                           This bridge would have been a difficultIn October 1964, Ch. Fehrenbach as Chairman of the     ...,. ., .                            ..,                                                               .,ntati,n Committee, the arL, ct F. W. de Vlaming and the author, together withESO Staff, explored - still on horse-back - La Silla for planning of the location of the telescope buildings and the associated facilities. In bothphotographs, from left to right, de Vlaming, Andre Muller and Otto Heckmann.Photographs by the author.
obstacle for future transport. However,              Whereas Muller's last remark refers to         the principal base camp for the opera-Muller's first report states: "There does         the definitive road to the top, a provi-          tions: Camp Pelicano, close to the posi-exist a much better possibility. A                sional one was a first requirement for the        tion where it still is today. From here hereasonably good track was found by                construction work. Also immediately re-           chose a new track that led straight intoMuller during his investigation of the            quired was a source of water, even if it          the slopes of the mountain, not usingarea Chafiar on the 18th and 25th of              were to be used only temporarily. One             the tracks in the Quebradas at all. TheJune. On the 18th the road to Chafiar             source was located with the help of the           definitive road, as we know it now, de- was found, but the track indicated on            geologist 0. Castello of the lnstituto de         viates little from this provisional one.the map from Chafiar to 0 does not                lnvestigaciones Geologicas in the area            Construction of the road in provisionalexist. On airphotographs a road was               marked CA on the map. Simultaneously,             form started in March 1965 and aroundfound from the Panamerican Highway to             exploration in the La Silla area for find-        the middle of that year it was good0 and this track was recognized by him            ing the most suitable track for ap-               enough to allow heavy constructionwhile flying on the 24th from Copiapo to          proaching the top was carried out by F.           vehicles to reach the summit area. Also,La Serena. On the 25th a successful               Unz, the collaborator of Siedentopf who           the sites for the telescopes and otherattempt was made to get to point 0 and            had carried out atmospheric turbulence            buildings were then levelled.also to CA in the Quebrada Pedernales.            measures at Zeekoegat and subse-                     This early stage did not yet include--- the first time it was a bit difficult to      quently did similar work on Cerro Tololo;         the road to the top reserved for theget from the new road to the track EO,            he recommended to approach the top                3.6-m telescope, neither th8 levelling ofbut later three different tracks were             from the same area, i.e. from CA. Thus,           this top; the road went as far as the areafound from the new road to the access             originally it was planned to reach the            around the site for the Schmidt tele-road to 0. - - - It is clear that the road        summit area from point 0 along a primi-           scope. Putting this road in definitiveto Pedernales and later to La Silla will          tive road through Quebrada del Tabaco             shape, including asphalt surfacing andrun over the points E to 0. To get from 0         and Quebrada Pedernalis to the area CA            widening it here and there would be ato the top of La Silla, ESO will have to          and from there along about 5 km of new,           matter for the future, when no heavyconstruct a road of more or less 40 km            provisional road to the top.                      traffic would spoil the surface any more.length. - - -"As visitors of La Silla arriv-         This project was not carried out, how-         Construction works for the 3.6-m tele-ing from the Panamerican Highway                  ever. Muller erected at the foot of the           scope were still a matter for thenowadays will note, their path to Camp            mountain, near the junction of Quebrada           future. . . Thus, late 1965 ESO wasPelicano leads along the, formerly very           Pelicano and Quebrada Las Breas de                ready for the dedication of its road, to beprimitive, track EO.                              San Antonio, at altitude about 1000 m,            combined with Council's first meeting inChile. A report on the road constructionon La Silla has been published by H.O.Voigt in ESO Bulletin No. 3 of February1968. The engineer Voigt had beenappointed per October 1, 1964 as Assis-tant Director for the construction ac-tivities. But before arriving at the dedica-tion festivities, we must turn to otheraspects of the early work.

The Problem of the Mining Rights
     When Council decided on May 26, 1964 to choose La Silla for the Observa- tory, and consent on the part of the Chilean Government could be taken for           June 1965: First successful water drilling near Camp Pelicano. granted, this did not yet imply that Mul- ler and his collaborators could freely move and get to work on the mountain. Their work was still hampered by legal aspects connected with the elimination of existing or potential claims for mining rights. A few explanatory remarks on this subject are in order here.     In Chile, where much of the economy depends on the production of its mines, special laws protect their exploration to the effect that the owner of land like that around La Silla is not automatically also the owner of the minerals occurring be- low the surface: other parties may claim the right to explore mines on such terri- tory, a right to be granted by the Gov- ernment. This paramount importance of           June 1965: Road construction on La Silla.                                                 All four photographs from negatives in the ESO Historical Photographs Archives. mining explains why, for example, the very first paragraph of the first article of the contract for the purchase of the La Silla territory reads: "No mining opera-        construction might awaken the interest          November 8, 1963 which was accepted tions shall be conducted without the            of outside parties in searching for miner-      by the ESO Committee in its meeting of authorization of the Head of State of           als in those particular areas. Charac-          November 15, 1963 and endorsed after Chile - - -." For ESO it was - and still is     teristic is the following section of a letter   the ratifications. At the same time, - necessary to avoid mining on its terri-       by Heckmann to Oort of April 3, 1965            the Directorate prepared a "Short tory because of the resulting disturb-          [8]: "6. Wir haben mit den Minenrechten         Memorandum on the ESO Building Ac- ance of the atmosphere by dust and              mancherlei Muhen. Das gefahrlichste             tivity" [9] dated October 7, 1963. (Note illumination. ESO therefore had to claim        lag unmittelbar auf dem Gipfel von La           that at that time the choice of the Obser- itself the right for exploration whenever       Silla. Es war vor uns da, wurde aber, als       vatory site had not yet been made.) The it was demonstrated by another party            wir kamen, in seiner Lage und Orien-            memorandum was also meant for infor-that minerals could be found in critical         tierung so fixiert, daB es uns sehr storte.     mation of potential construction firms. It parts of its domain. Claiming mining            Ich war fur ein paar Tage sehr ver-             was proposed to realize the Observato- rights involves payments to the ~ o v e r n -   zweifelt. Unser Minen-Advokat Urrutia           ry in two steps. The first of these, to be ment, and the rights thus guaranteed            hat aber vor Gericht in La Serena dieses        finished "about 1966", should cover ev-are of temporary nature only and must            Minenrecht mit Erfolg angefoch-                 erything associated with the installation be re-obtained at repeated costs. As            ten. - - -I:                                    and operation of the middle-sized tele- mining rights can be sold - for instance                                                        scopes described in my previous articleby prospective explorers to ESO - it is                                                          together with the Schmidt telescope,                                                 The Building Programme;obvious that there is a strong specula-                                                          and the second, to be finished "about                                                 Early Architectural Planningtive aspect against which ESO had to                                                             1970", should cover the realization anddefend itself continually.                          Anticipating developments after the          operation of the 3.6-m telescope and    This defense has been one of the             ratification of the ESO Convention (of          the associated facilities. The first stagetasks of ESO's legal advisors in Chile           early 1964), the ESO Committee in its           was to include on La Silla such elementsand it was, from the outset, one of the          meeting of February 1963 installed a            as the Boarding House, Workshop andDirectorate's main worries as is evident         Working Group for Buildings under the           technical facilities and a few residences,from Heckmann's reports to Council, for          Chairmanship of the ESO Director. It            and the second stage, apart from theinstance those after his trips to Chile in       was to draft a programme for the erec-          building for the large telescope, exten-August and October 1964 and March -              tion of the Observatory (domes, offices,        sions required for the use of this tele-April 1965. Early in 1964, the clearance         hostels, workshops, etc. and time               scope. Also included in this planningof mining claims slowed down the ac-             schedule) in accordance with the wishes         was the Headquarters Building in San-tivities of Muller's group on the moun-          of the astronomers in the ESO coun-             tiago, correspondingly subdivided in atain [7] because preparations for road           tries. This led to a Memorandum of              first and second stage.                                                                                     EJO . C H ~ L E    ~NTERNALORCAN~ZAT~ON    mcmera   m                         I    Superintendent                                 Muller        I
                   La Silla
Building up ESO in Chile: The structure of the Organization as shown in the ESO Annual Reports for 1965 (left) and 1966 (right).
   As part of this planning, it was                   "a) Office in La Serena, functioning             gical observations were conductednecessary to obtain architectural de-               with five persons active.                          throughout the year. They includedsigns and cost estimates. ESO therefore               b) Camp Pelfcano, with two old                   measures of cloudiness, wind velocity,contracted the firm of the Dutch ar-               houses and four new ones installed, a               wind direction, temperature and humidi-chitects F.W. de Vlaming and H. Salm               carpenter's workshop in use, fifteen                ty and were reported by Muller in thewho, a.0. projects, had been associated            persons active, animals' camp installed             first issue of the ESO Bulletin, ofwith the radioastronomical estab-                  and functioning with five horses and six            November 1966. (Meteorological re-lishments in the Netherlands [lo]. De              mules, two wells ready with one pump                ports by Muller for subsequent yearsVlaming visited the building sites in Oc-          installed.                                          have been published in Bulletins Nos. 3,tober 1964 in the company of ESO staff                c) Roadproject [ i e. planning and lay-          4 and 7 for the years 1966, 1967 andand astronomers including Fehrenbach               out of the road], ready from camp                   1968.)as President of the Instrumentation                Pelfcano to the top of La Silla."                      For supplying the Observatory withCommittee and the present author, the                 At that moment the small group of                water, a number of boreholes werelatter particularly in connection with the         ESO employees in Chile consisted of                 drilled near Camp Pelicano in 1965 andhousing of the 1-m telescope which was             Andre Muller as Superintendent, with                their output was promising, but the real-expected to soon be operational. The               Hans-Emil Schuster, a former pupil of               ly important question was, of course,preliminary designs of de Vlaming have             Heckmann, appointed per October 1,                  whether the yield would remain suffi-provided a first basis for the planning            1964 as Assistant-Astronomer; further-              cient under the continual use by theand the general lay-out of the Observa-            more, there were the Camp Supervisor                Observatory in operation. Checks intory, but the rather ambitious, "rep-              Hernan Carrasco and five more techni-               1966 and thereafter showed that the useresentative" nature of his designs have            cal and administrative staff [I I]. We also         would not be exhaustive. As the visitorultimately in some cases been replaced             reproduce here from the ESO Annual                  of La Silla notices, the water is trans-by more sober implementations.                     Reports for the years 1965 and 1966 the             ported from the level of Camp Pelicano   A rather detailed description of the            schematic representations of the struc-             (at about 1000 m) to the summit atplanning by the Working Group for                  ture of the organization, exhibiting its            about 2400 m in three steps, with twoBuildings and the Directorate has been             rapid expansion after 1964.                         high-pressure pumps in between (at al-published in ESO Bulletin No. 2 of Au-                The year 1965 saw progress of work               titudes 1500 and 1950 m). The con-gust 1967 by J. Ramberg, at that time              in the La Silla area on many fronts. Apart          struction of the water and power supplyAssistant Director of ESO. This article            from the major accomplishment, the                  have been described by S. Klingenbergalso describes the status of execution             road construction, Camp Pelicano be-                in ESO Bulletin No. 3 of February 1968.by the end of 1966: the design work by             gan to take its more definitive shapethe architect and his associates had               after having served initially in provisional                                                                                                       Organizational Structurebeen completed, consulting engineers               form. For the power supply, which had                                                                                                       and Employeesof the construction firms had been                 been obtained provisionally from a smallassociated with the project, and offers            portable generator brought from South                  By the time Muller and his col-from construction firms were being                 Africa, a power house was erected at                laborators were ready for the dedicationnegotiated. In many respects, the ex-              Camp Pelicano with a battery of                     of March 1966, the activities in Chileecution of the project was to become a             generators whose output was to grow                 were grouped in three departments: anjoint European-Chilean undertaking, in-            as the demand would increase. On the                administrative one, one for construc-cluding a Chilean architect and Chilean            summit area of La Silla a small tempor-             tions, and one dealing with miscellane-firms for the constructions.                       ary camp was constructed, including                 ous tasks including meteorological ob-                                                   storage room, some living quarters, a               servations; this latter under Muller him-                                                   power house and a temporary work-                   self together with Schuster. Much of theProgress over the Years                                                                                activity centred on La Silla and around                                                   shop. A beginning was made with the1964- 1966                                                                                             Camp Pelicano. Engaged in Camp                                                   building for the GPO telescope which  The situation in the La Silla area at            would soon be transferred from South                Pelicano had become also Albertthe end of 1964 is - too modestly! -               Africa to La Silla. Also, a radio connec-           Bosker whom we encountered earlier assummed up as follows in the Annual                 tion between Camp Pelicano and the                  one of the assistants of Muller duringReport for 1964:                                   summit Camp was installed. Meteorolo-               the site tests in South Africa. Bosker         .sa~!y3.1ysyde~6ojoyd/t33!JOjS!H O S a~ W u! ~ a p l o    .w ~Xq an!jeBau wo.14 ~dt7160loyd         laylo Aueu ayi 40 ' ~ 9 16 '9 c hem lad                                .luawa/jjas d u e 3 ~ e u o ! s ! ~ o'jsa!l~ea                                                                       ~d     ay! ' y d e ~ 6 o ~ o y241                                                                                                      d 40   0g3 pau!o[o y JaploH~     '3 'H 'u .~aau!6uaalpp!u ayj jo jy@ ayj oj 'do1 w o Z/L                                   ~ IV                                      ~ 'E//!se740 e a ~ e ~ ! w w n     s oj W!pea/P e o J a 'WI                                                                        WI                         ~ IV      ayl pue a ~ o ~ apauo!iuau                                                                                                                                q           ~ 6 ! o /.O                                                                                                                                                      \ .H 40. A E M ~ ~ue3!laweued            !H         ayj wo~4peoJ ssa33e a41 ' J ~ ~ ! J J ~          O I h.lenuEr 'oue3!1add u e 3                                                                  JVM'9961.                                  uo!s!/\~adns  ay$ lapun 1134suo!i3njlsuo3                                                                                                             40 luauvedap a y l . u o ! s ! ~ ~ a ds,Jallnm                                                                                                                                                    ns                                                                                                             lapun Iluald '8 Aq papeaq sew u o ! ~                                                                                                             -eJis!u!uPeIle G96 1 40 alPP!u ayi uoJA                                                                                                             'U€?LlJ$I?I?JJS                                                                                                                          '("H JOlEJJS!U!WPv$UI?$S!SSv                                                                                                             ay$ Aq 2961. ' 1 henuey lad pas!~ladns                                                                                                             sew g adaym o6e!lueg uo pa~iua3a l o u                                                                                                             pue a l o u awec~aq9 $nq '~adaayyooqse
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                                                                                                                                   S U syde~6ojoyd                                                                                                                                               'OdDayj ~ oauo        j a 4 s e uo!j3n~jsuo3                    ~           Japun 6u!p/!nqado3salaj Xluo ayj jeyj s ~ o y yde~6ojoyd                                                                              s          puey-~y6!~   ppa/!eJapa ~ o wa y l 'UN ayJpue ado~salaj w-g'& ayj Xq pa!dn330 MOU 'yde~6ojoydpuey-jja/ ayj 40 puno~Dy3equlayjnos ayj u! sdoj hepuo3as pue u!e~uayj oj puajxa jaXjou p!p peoJ ayjje44 ajoN .wojjoq ayj je ypou 'do! ayj je s! yjnos .e//!s8740 gwwns ayj uo uo!jon~jsuo3p e o ~ j oa6ejs $ S J ! ~sydt?l6ojoyd/e~~ay                                                                                                                  ~O                   :gg6 1hrenueyLaboratory, and from January 1, 1965 in         Council Meeting and Dedication,                 ruary 1968. Let me quote a few ofLa Serena, and Mrs. Christa Euler who           March 1966                                      Funke's words:became a secretary at the Santiago                                                                 "If we look around here, we see whatOffice per January 1, 1966 [12]. Natural-          The activities described before              has been achieved in the short period ofly, there were many organizational links        reached a milestone with the dedication         a little more than one year. Under thebetween La Serena and Santiago and              of the road on La Silla and Council's first     able leadership of Dr. A. B. Muller, Euro-with the corresponding divisions within         meeting in Chile. (Also the FC met there        peans and Chileans have created anthe Office of the Director in Hamburg-          these days.) ESO's road was an excel-           oasis in the desert. - - - We have toBergedorf.                                      lent achievement and worthy of a cele-          express our gratitude to every as-                                                bration indeed. Over its total length of        tronomer, technician and workman who                                                20 km from Camp Pelicano to the                 cooperated in the joint effort. In particu-The ESO Guesthouse                                                summit it has no inclination exceeding          lar the Chilean obrero has to be men- In the course of 1964, with more and           12%, no sharp curves, and the average           tioned, because his readiness to workmore activity developing in Santiago,           width at the time of completion was 5 m.        under the exceptional conditions of thisthe need was felt for a pied a terre in this    Never were serious obstacles encoun-            area, his untired willingness to undergocity, rather than always having to use          tered by transport of heavy and large           the hardship - - - made our work pos-hotel accommodation. A quite satisfac-          parts of equipment in the later stages of       sible."tory solution was found by the acquisi-         building up the Observatory. In addition           The ceremonies were concluded withtion of what has become the ESO                 to the 20 km mentioned, about 5 km of           a speech by the lntendente (Governor)Guesthouse, formerly belonging to the           access road had been paved to the vari-         of the Province of Coquimbo. Subse-Spaarwater family. Situated in the Vita-        ous buildings on the summit. For the            quently, Council and visitors drove bycura district, not far from the future          connection of Camp Pelicano with the            bus and car on the newly opened roadHeadquarters, with many rooms and               Panamerican Highway, 17 km of the ex-          to the summit area of La Silla. Councilsurrounded by an attractive garden on a         isting but quite primitive road had been       stayed overnight in Camp Pelicano andlot of 0.44 ha, it could easily be trans-       improved as a joint project of ESO and         the next day visited places on the ESOformed into both offices for administra-        the Chilean Public Works Department.           domain. They made once more the tription and temporary lodgings. In its                Council members arrived in Santiago         to the summit, but this time in the nowmeeting of December 1964 Council ap-            on March 21 and left in the beginning of       old fashioned but more romantic way -proved the purchase, and the transac-           April. On March 23 they went to La             on horse-back.tion was concluded in March 1965. In            Serena by bus and the next day arrived             During the next days Council visitedMay the Director could report that the          at Camp Pelicano. Here, in the morning         the AURA site on Cerro Tololo and ahouse was being adapted to ESO's                of the 24th, the dedication ceremonies         copper mine in the vicinity of La Serena,needs, and was run by the housekeeper           took place in the presence of many au-         before returning by bus to Santiago onMrs. Carmen ("Hilde") Fritsch under             thorities and guests. They started with        the 29th. March 30 scheduled a visit tothe supervision of Mr. J.A. Briggs,             the benediction by the Archbishop of La        the University of Chile's Cerro CalanAssistant Administrator in the Santiago         Serena, after which ESO's President            Observatory and a general reception,office [13]. The hospitality and good           G.W. Funke delivered the inauguration          and on March 31 and April 1 Councilcare of the late Mrs. Fritsch until her         speech in which he stressed the grow-          held in Santiago its 6th meeting. Forretirement in the late 1970's will be           ing importance of Chile as a centre of         most of the Council members it mustgratefully remembered by many of                astronomical activity. Funke's speech,         have been their first visit to South Ameri-ESO's staff members and visiting as-            with translation into Spanish, has been        ca. Neither the minutes of the Counciltronomers of those early years.                 published in ESO Bulletin No. 3 in Feb-        meeting nor the ESO Annual Report tell                                                                                b   c                d         e                                                                                                                                              t f

October 1966, first constructions on La Silla.
Left: Overview. Right: Close-up of the central part of the construction site.                (a) Camp for the construction workers.                (b) The lower part of the building for the GPO with next to it the provisional mechanical workshop.                (c) Foundation for the I -m telescope building.                (d) Foundation for the 1.5-m telescope building.                (e) The temporary dome of the I - m telescope.                (0 Site preparation for the Hostel.Photographs from negatives by R. Holder in the ESO Historical Photographs Archives.Second Extension of ESO Headquarters   Regular visitors to the ESO Headquarters in Garching will have noticed - also in the audio domain -that a major constructionhas been going on since mid-August this year. The second extension to the Headquarters building was decided in order toprovide much-needed room for new staff members and more visitors, in particular because of the increased influx in connectionwith the VLT project, now shifting into very high gear.   The architect's solution to the problem consisted in adding a fifth floor to the southernmost part of the building, executed inlight steel elements. This will provide 25 additional offices with space for about 50 more desks, within a total floor area of 450square metres. It is expected that this space will be allocated to Science Division staff members who will liberate their oldhabitats below, making room for staff from other Divisions.   It is planned that the construction phase will last until mid-February 1990. The picture shows the view from south-east, onNovember 6, 1989.much about these events, but the rele-         Abbreviations used:                                 [13] Cou. Doc. Chi-15 in EHA-I.A. 2.14; forvant documents are found in the section        EHA = ESO Historical Archives (see The                   preparatory work also Cou. Doc. Chi-9,of the ESO Historical Archives originat-            Messenger of December 1988).                        10 and 11.ing from Oort [14], one of the parti-          FHA = Files Head of Administration at ESO           [14] EHA-I.A. 2.15.                                                    Headquarters.cipants.                                               Heckmann Sterne = 0 . Heckmann, Sterne,   Visits to Chile of Council, of FC and of         Kosmos, Weltmodelle, Verlag Piper andother ESO Committees always have                   Co., Miinchen-Zurich, 1976.been extremely useful for a proper               [ I ] EHA-I.A. 2.13.                              The R Corona Australis Cloudevaluation of the planning and the oper-         [2] Council Documents Chile-8, 12, 15, 16ation of the Observatory. The minutes of               in EHA-I.A. 2.14. and letters in EHA-I.A.      The southern constellation Corona Aus-this first Council meeting in Chile reveal             2.10.                                       tralis contains this fine molecular cloud,considerable, unforeseen rediscussion            [3] Minutes Council Meeting 2-3 Dec. 1964         known as the R CrA cloud after a youngof the geographic structure of the estab-              and ESO Basic Texts Section B 3.            variable star, which is surrounded by a reflec-                                                 [4] Cou. Doc. Chi-12 in EHA-I.A. 2.14.            tion nebula in the northern part of the cloud. Itlishment in Chile, although no fresh                                                 [5] See ref. 4.                                   appears that the cloud has been perturbedpoints of view were presented. An                [6] Heckmann Sterne p. 298ff.                     by an outside event from the north-west,understandable development, because              [7] See Muller's reports mentioned before.        perhaps a supernova explosion. Low massthe complexity of the geographic struc-          [8] In EHA-I.A. 2.10.                             star formation is actually taking place in theture of the organization and the enor-           [9] EHA-I.C. 3.2.                                 cloud: many T Tauri stars and several Herbig-mous effort of the ESO staff required for      [lo] EHA-I.C. 3.8.                                  Haro objects are found there and a cluster ofits realization could only now, in situ, be    [1 11 Annual Report 1964.                           embedded infrared sources is located in thefully appreciated by Council.                  [12] Lists of employees were at regular inter-      north-western front of the cloud. The globular                                                       vals drawn up by the Administration in      cluster to the right is NGC 6723. There are                                                       Bergedorf for the FC. For instance, they    also several minor planet trails in the field.References and Notes                                   are found in doc. FC 32a and 32b for        From a 150-min ESO Schmidt plate (Illa-F +Note: For lists of the meetings of ESO Com-            the situation per April 1, 1965 and in      RG630), obtained by G. Pizarro and H. - E.  mittee and Council see the tables in arti-           doc. FC 92 per Oct. 1, 1966; these          Schuster; text by 5. Reipurth, photographic  cles I and IV.                                       documents are part of the FHA.              work by C. Madsen.                            b                      -V745 Sco a New Member of the Elusive Groupof Recurrent NovaeH, W. DUERBECK, ESO and Astronomisches lnstitut der Universitat Munster, F. R. Germany
     Up to late July, 1989, the six novae      and poorly understood. It is still unclear       narrow emission lines observed in the which have shown repeated outbursts in        whether the outbursts are caused by              early outburst phases. They clearly the last 130 years, are: V394 CrA, T CrB,    thermonuclear runaways in degenerate              showed up in the CES spectra taken in RS Oph, T Pyx, U Sco and (likely) V1017       hydrogen-rich matter accreted on the             the first days after outburst, and obvi- Sgr. On July 30, William Liller, a regular    surface of a massive white dwarf (some           ously are emitted by the wind material, visitor to La Silla and owner of a private   authors evoke accretion events on                 which was photoionized by the flash of observatory in ViAa del Mar (a sea resort     main-sequence stars to explain the out-          the nova explosion. Especially interest- on the coast of Chile), discovered on a      bursts of T CrB and RS Oph). Both these           ing is the region around the line [OIII] sky patrol film a 1oth-magnitude star that   objects have, as well as V 1017 Sgr, late         5007: At this early phase, no forbidden was not there the night before. Its posi-    giants as mass-donating components,               oxygen emission is expected from the tion coincided, as was found after some      while the cool components of V394 CrA,            expanding shell, while it clearly is pre- re-examination of old photographic           T Pyx and U Sco appear to be dwarf                sent in V745 Sco (Fig. 2). Near to it is an plates, within an arcsecond of the posi-     stars, whose absorption lines can hardly          Fell line at 5018 A: it has a weak narrow tion of a nova that had flared up on May     be detected against the continuous                component originating in the slowly 10, 1937. This poorly known nova, V745       background of light produced in the               moving wind material, and also a broad Sco, thus became the seventh known           accretion disk.                                   component formed in the rapidly mov- recurrent nova.                                 As can be clearly seen in the later            ing nova shell. In the third night follow-     The writer, who has a continuous in-     spectra obtained with EFOSC2 (Fig. I ) ,          ing the outburst, the broad componentterest in novae, had just begun a three-      V745 Sco has a giant companion as                 is only noticeable as a slight bending in month stay on La Silla as the first as-      mass-donor: the strong Ti0 bands indi-            the stellar continuum, while in the fifthtronomer of ESO's newly instituted            cate a spectral type of M 6 Ill. This ob-         night, when a deceleration had taken Senior Visitor Programme. While recent       ject has a strong wind (and likely the            place, it is clearly visible. Such narrow outbursts of U Sco and V394 CrA were         white dwarf accretes its fuel from it).           emission lines were discovered before studied by astronomers at the South          Indications for this wind are, first, the         in only one other recurrent nova, in RSAfrican Astronomical Observatory, joint efforts made this nova an ESO nova:                                                         v745 Sco                                                          NTT   +   EFOSC I1There was Thomas Augusteijn, who in-              0        I   -              I     ->              I   -                               -   Iformed me in time of the discovery,               T                                                               2        H                                                                        H                                                                                    H H                                                                                    X H X                                                                                         -      H                                                                                                        H                                                                                                        H                                                                                                        >                                                                                                            i                                                                                                            i
                                                                                                            X                                                                                                                                        H Hugo Schwarz, who offered some jointobserving time at the 1.4-m Coude Aux- iliary TelescopelCoude Echelle Spec-trometer, and the TRS people, who wereso kind to postpone the aluminization ofthe CAT mirror for a few weeks to re-arrange some test nights. Finally, therewas the possibility to make fairly regularobservations with EFOSC2 at the 3.5-m New Technology Telescope which wasundergoing a series of astronomicaltests in August/September. While theobservations and reductions of the CESspectra were relatively straightforward,those of EFOSC2 were improvized:there was no guiding possibility, nocalibration lamps, but much enthusiasmand expertise from the other users. Fi-nally, using the lines of a planetarynebula for establishing the dispersioncurve, and some spectral standards andthe cool component of the recurrentnova itself for calibration, a series ofcomposite spectra of V745 Sco wereobtained,        covering    the     range3620-8270 A. It was fortunate that theevolution of the outburst proceeded                                                                   Wavelengthvery rapidly, so that, when the engineer-     Figure 1 : The later phases of the outburst of V745 Sco, shown in spectra taken by T.                                              Augusteijn, J. Melnick, H. E. Schwarz and the writer with EFOSCP attached to the 3.5-m Newing staff took over again, the most inter-                                              Technology Telescope. The spectra were taken (from top to bottom) on August 9, 11, 13, 15,esting phases had been covered.               17, 24, 28 and September 9, and are separated by 3 (arbitrary) flux units to avoid overlapping.    So much for the observations. What        While the first spectrum still shows emission lines typically found in classical novae, theabout the results? As already men-            coronal lines reach maximum strength in the following days and decline afterwards. In the latertioned, the group of recurrent novae is       phases, medium and low-excitation lines of [NII], [01],[011] and [0111] increase in strength. Notenot only small, but also inhomogeneous,       also the Ti0 bands of the giant M 6 companion in the infrared.Oph during its 1958 outburst (and sub-                    V745 SCO 5007                                                   ESO 1.4m CAT/CESsequent ones).   A few days later, when the rapidlyexpanding shell ejected from the white                                                   0                                                   0                                                   0                                                                      I
                                                                                    I,                                                                                             I                    I
                                                                                                                                    Idwarf had time to strongly interact withthis slowly moving material, its kineticenergy became thermalized by colli-sions: "coronal" lines of high excitationpotential are formed in the surroundingshell: lines of [FeVII], [FeX], [FeXI] and[FeXIV], as well as those of [NiXII], [AX]and [AXI] rapidly increased in strengthand reached maximum intensity aroundAugust 12. Again, there is a similaritywith RS Oph, however, while the coronalspectrum in RS Oph took six weeks toacquire maximum strength, this processtook hardly two weeks in V745 Sco.Three weeks later, when the last spec-trum was taken, hardly a trace of themremained.   What else was found? V745 Sco isquite faint, even at maximum, and obvi-ously very distant. The interstellarsodium lines show 11 components, pro-duced by distinct interstellar clouds ofdifferent radial velocity, as do the cal-cium lines (the strong interstellar extinc-tion, however, makes the latter ones                               Wavelengthdifficult to observe). We estimate that                                              Figure 2 : The region of the [0111] line at 5007 A in V745 Sco, observed on August 2 and 4, threethe interstellar visual extinction is 3m,     and five days after outburst, with the Coude Echelle spectrometer at the 1.4-m Coude Auxiliaryand that the distance to V745 Sco is of       Telescope by H. E. Schwarz and the writer. Note the different appearance and temporalthe order of 10 kpc; it likely belongs to     development of the [0111] line at 5007A and the Fell line at 5018 A. While the first formed in thethe galactic bulge.                           wind of the companion, the second arises mainly in the expanding nova shell.

Photometry and High Resolution Spectroscopy
of Two Southern T Tauri Stars
' lnstituto de Astrofisica, Optica y Electronica, Puebla, Mexico
" lnstituto de Astronomia, UNAM, Mexico, D. F., Mexico Osservatorio Astronomico di Capodimonte, Napoli, ltaly Osservatorio Astronomico di Trieste, Trieste, ltaly Dipartimento di Astronomia, Universita di Trieste, Trieste, ltalyIntroduction                                  copic observations of T Cha exist; its T           al., 1989). All these properties make                                              Tauri nature is suggested only by the              COD -33" 10685 a good candidate for   In an attempt to determine rotational                                              RW Aurigae-Type variability, and by its            BY Draconis-type variability.velocities,   photometric      rotational                                              location in a dark cloud. The star has aperiods and possible correlations with                                              probable photometric period of 3.2 dayschromospheric activity, a sample of                                              (Mauder and Sosna 1975). There is also             The Observationssouthern T Tauri or suspected T Tauristars was monitored in May 1989 with          a discrepancy of about 2: 5 in the data                                                                                                    Owing to the prevailing weather con-                                              for the apparent visual brightness of thethe CAT+CES 1.5-m and the 50-cm                                                                  ditions, we decided to limit our observa-                                              star given by Mauder and Sosna (1975),ESO telescopes at La Silla. Unfavour-                                                            tions to the spectral range of the Nal D                                              and by Mundt and Bastian (1980 andable weather conditions limited our orig-                                                        lines in order to study the outer and                                              references therein).inal goals. Nevertheless, some interest-                                                         colder parts of the stellar atmosphere.ing results were obtained. Here we re-           COD -33" 10685: This is a fairly well-          Three spectra of each star were takenport some preliminary results for two         studied T Tauri star of spectral type K2           on three different nights, and the spec-stars from our sample: T Cha and COD          (Herbig, 1967), with a rotational velocity         tra of a number of reference stars were- 33" 10685.                                  v . sin i = 48 km/s and a visual mag-              obtained as well. The latter were con-  T Cha: According to the catalogue of        nitude of 10.3. It is also a suspected             volved with different synthetic rotationalHerbig and Bell (1988), no spectros-          linear polarization variable (Drissen et           profiles in steps of 5 km/s over the ve-                                                                                                                                           [km s-'1
                                                                                                         T Cha

                                                                                                        day-to-day visual brightness variations
                                                                                                        in the interval 15.2 < V < 11.5, with                                                                                                        typical daily changes higher than 1 and                                                                                                        a mean visual magnitude of 13.3. The                                                                                                        same authors also found a quasi-                                                                                                        periodic modulation in the brightness of                                                                                                        T Cha, with a period of about 3.2 days.                                                                                                        We now find that T Cha has a visual                                                                                                        magnitude V = 10.5 f 0.1, in extremely                                                                                                        good agreement with the photometric                                                                                                        determinations by Bastian and Mundt                                                                                                        (1979) and Mundt and Bastian (1980),                                                                                                        but we did not observe any night-to-                                                                                                        night changes in the brightness higher                                         Wavelength         (x103        i)                             than Om 1. If the object observed by                                                                                                        Mauder and Sosna and by us is reallyFigure 1: The spectrum of T Cha observed during the nights of May 10, 11 and 15, 1989                   the same, this means that now T Cha iscompared with the convolved spectrum of the standard star HD 190248 (G8 V).                                                                                                        considerably brighter (AV= 2.8) and in a                                                                                                        more quiescent phase than in the past.                                                                                                            Our estimates of spectral type and v .locity range 30 5 v . sin i 5 50 kmls, in              that the brightness of COD -33" 10685            sin i for COD -33" 10685 are in excel-order to obtain spectral types and pro-                was quite stable, with a mean visual             lent agreement with those given byjected rotational velocities of T Cha and              magnitude of V = 10.46 k 0.03. This              Bouvier et al. (1986), and very similar toCOD -33" 10685. This procedure was                     value is consistent with previous photo-         those found by Finkenzeller and Basrirepeated for each available spectrum of                electric observations of the star ob-            (1987). An inspection of our fits for bothT Cha and COD -33" 10685. The best                     tained in the 1977- 1979 period by Bas-          stars (see Figs. 1 and 2) suggests thatfits of the convolved spectra with the                 tian and Mundt (1979) and Mundt and              variability might be present in the Nal Dprogramme stars are shown in Figures 1                 Bastian (1980).                                  lines. To detect any possible night-to-and 2. The estimated spectral types and                   Mauder and Sosna (1975) report that,          night changes in the line profile, a more v . sin i are reported in Table 1.                    during the period between December               reliable comparison was made following   Our photometric observations show                   1971 and April 1972, T Cha showed                the procedure outlined by Finkenzeller                                                                                                        and Basri (1985). We simply divided                                                                                                        the spectra of the target stars by the                                                                                                        processed spectrum of the reference                                                                                                        star.                                                                                                            The resulting "profiles" are shown in                                                                                                         Figures 3 and 4 for COD -33" 10685                                                                                                        and T Cha respectively. It can be clearly    1                                                                                                        seen that the spectra of both stars are                                                                                                        variable in the Nal D lines on a time                                                                                                        scale of one day or less. In the case of                                                                                                        T Cha, based on its spectral type, pro-                                                                                                        jected rotational velocity, photometric    1                                                                                                        variability, IR excess (Glass and Pens->+                                                                                                       ton, 1974) and association with a dark                                                                                                         cloud, we conclude that it is a low-massD+                                                                                                        PMS star. In the case of COD -33"-   1                                                                                1 5 . 5 . 8 9                                                                                                         10685, multiple narrow blue shifted ab-                                                                                                         sorptions are superimposed on the                                                                                                         emission profile. The most blue-shifted                                                                                                         component has variable intensity (by                                                                                                         about a factor 2), and a radial velocity of             co   D - 33' 1 0 6 8 5                                                                      about -92 kmls relative to the star. On                                                                                                         the red side, a broad variable absorp-                                                                                                         tion is present, with a minimum at                                                                                                         + I 2 5 kmls relative to the star (see        5.-868               5.878         5. 988                      5.898   5.908            5.91%    Fig. 3). All these features can be ex-                                      wavelength    ( X I O ~   i; )                                     plained by the simultaneous presence ofFigure 2: The spectrum of COD -33" 10685 observed during the nights of May 10, 11 and 15,                a complex mass outflow and of infalling1989 compared with the convolved spectrum of the standard star HD 191408 (K2 V).                         matter onto the star. The time scales of                                                                                                                                                           the variations suggest that this occurs                                                                                                                                                           near the star surface.                                                                                                                                                           References                                                                                                                                                           Bastian, U., Mundt, R.: 1979, Astron. Astro-                                                                                                                                                             phys. Suppl., 36, 57.                                                                                                                                                           Bouvier, J., Bertout, C., Benz, W., and Mayor,                                                                                                                                                             M.: 1986, Astron. Astrophys., 165, 110.                                                                                                                                                           Finkenzeller, U., Basri, G.: 1985, The                                                                                                                                                             Messenger, 42, 20.                                                                                                                                                           Glass, I.S., Penston, M.V.: 1974, Mon. Not.                                                                                                                                                             Roy. Astron. Soc., 167, 237.                                                                                                                                                           Herbig, G.H.: 1977, Ap. J., 214, 747.                                                                                                                                                           Herbig, G. H., Bell, K. R.: 1988, Lick Obs. Bull.                                                                                                                                                             No. 1111.                                                                                                                                                           Mauder, H., Sosna, F.M.: 1975, I.B. V.S.,                                                                                                                                                             1049.                                                                                                                                                           Mundt, R.: 1980, Ap,. J., 280, 749.                                                                                                                                                           Mundt, R., Bastian, U.: 1980, Astron. Astro-                                                                                                                                                             phys. Suppl. 39, 245.
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Discovery of a Low Mass B[e] Supergiant in the SMC
1. Introduction                                                         strong Balmer emission lines frequently                                            due to thermal radiation from circum-   Peculiar emission-line B supergiants                                 with P Cygni profiles, (b) permitted and                                           stellar dust. They represent one of theare a group of early-type stars with the                                forbidden lines of Fell, [Fell], [01], etc.                                        two main groups of early-type emissionfollowing typical characteristics: (a)                                  and (c) strong infrared excess possibly                                            line stars in the Magellanic Clouds(MCs). The other group consists of theclassical P Cygni stars and their hottercounterparts, Of-like objects. The S Dorvariables, also called Hubble-Sandagevariables, are the most extreme vari-ables of the P Cygni and Of-like objects(Stahl et al., 1985). The B[e] supergiantsare located in the HR diagram in thesame region as S Dor variables andrepresent evolved evolutionary stagesof the most luminous and presumablythe most massive 0 stars (Zickgraf etal., 1986).   The B[e] supergiants are very rare ob-jects: only nine stars of this type havebeen detected in the MCs among whichthree belong to the SMC: R4, R50 andS 18 (Zickgraf et al., 1986; Zickgraf et al.,1989, and references therein). Here wereport the discovery of a new B[e]supergiant in the SMC. This star, lying ina relatively isolated region of the wing,roughly 30 minutes south of the H II re-gions N81 and N83, was originally cata-logued as an H a emission line nebula byHenize (1956) - hence its designationN82. In Lindsay's (1961) catalogue ofemission-line stars and planetarynebulae N82 is listed as number 495.No detailed observational data havebeen reported for N 82. We came acrossthis star serendipitously in the course ofa study of low-excitation compact H IIregions in the SMC (Heydari-Malayeri,1989).   The present investigation is importantfor several problems concerning theevolutionary stages of massive stars, inparticular the interpretation of S Dor orHubble-Sandage variables, the uppermass cut-off of massive stars, stellarstability, mass loss and circumstellarenvelopes. Furthermore, in view of the          Figure 1 : Three sections of the high dispersion spectrum of N82 obtained using the CASPEC invery small number of B[e] stars in the          the blue.MCs, especially in the SMC, search fornew members is very important in orderto improve our knowledge of the phys-ical properties of these stars.                 Thorium-Argon lamp spectra were used            photometer. The results are: J = 13.42,                                                for the wavelength calibrations. Flat-          H = 12.58, K = 12.38 with errors +- 0.04                                                field exposures were also taken. Initially,     and L > 10.2. Observations                                 low dispersion spectra of N82 had been                                                obtained on June 4, 1988, using EFOSC                                                                                                3. Spectral Characteristics                                                at the 3.6-m telescope (3600-7000 A).2.1 High dispersion spectroscopy                                                                                                   Using the derived colours, a colour  N82 was observed with the CASPEC                                                              factor of Q = -0.22 was obtained for                                                2.2 Photometryspectrograph attached to the ESO                                                                N82. This corresponds to spectral types3.6-m telescope on June 16 and 17,                 The single-channel photometer was            6 7 - 6 8 (Henden and Kaitchuk, 1982).1989. The 31.6 lines mm-' grating was           used at the Cassegrain focus of the ESO         The presence of strong Balmer emissionused with a 300 lines mm-' cross dis-           1-m telescope on June 5, 7 and 8 and            lines, especially very strong Ha, impliespersion grating and an f/1.5 camera.            July 10, 1989 to obtain UBVRl photome-          a spectral type earlier than A0The detector was a high resolution CCD          try of N82. The magnitudes are as               (Slettebak, 1986; Jaschek et al., 1988;chip of type RCA SID 503, 1025 x 640            follows: V = 14.25, U-B = -0.13, B-V =          see below Sect. 5). The spectrum ofpixels, each pixel 15 p m We ;sed two           0.12, V-R = 0.21, V-l = 0.20, accurate          N82 is typical of B[e] stars. It is very richcentral wavelengths at 4500 A and Ha            within -  k 0.02 mag. The V magnitude           in emission lines of singly ionized iron,with exposure times from 30 minutes to          agrees well with the photographic mag-          both forbidden and permitted. Apart2 hours. The effe5tive spectral range:          nitude (14.24) derived by Lindsay (1961).       from the Balmer hydrogen lines, thewere 4000-5020 A and 6140-7240 A                The near IR photometry was obtained             [Fell] lines are the strongest emissionrespectively. The resulting resolution          on August 12, 1989 using the ESO                lines of the spectrum. The [Fell] lineswas -0.3 A in the 2 x 2 binned mode.            2.2-m telescope with its standard IR            (typical FWHMs -40 km s-') are muchmore numerous than Fell lines. There          to supergiants (Humphreys and McEI-are also a large number of absorption         roy, 1984). Assuming two extremelines of Crll and Till. Neutral oxygen        cases, i. e. supergiants of type BO andaround N82 is evidenced by the [OI]           B9, we derive colour excesses E(B-V) ofemission line at 6300 8\. Three sections      0.35 and 0.12 respectively (Schmidt-of the spectrum are displayed in Fig-         Kaler, 1982). From the correspondingure 1. Note the striking similarities with    bolometric corrections (Humphreys andthe other SMC B[e] star R50 (Zickgraf et      McElroy, 1984) we obtain two limitingal., 1986, Fig. 8). However, unlike R50,      bolometric magnitudes of -8.6 andN82 shows no central absorption on            -5.6. Using the grids of evolutionaryFell lines.                                   models of massive stars with mass loss    P Cygni profiles of Beals (1950) type     and overshooting (Maeder and Meynet,Ill stand out for Hy, H(3 and Ha Balmer       1988), initial masses of    - 35 Ma andlines. The central absorption dip in all      15 Ma are derived for N82. Similarly,cases is well pronounced. The separa-         when a black body is fitted to the dered-tion of the longward and shortward            dened UBVRl data (Fig. 2) bolometriccomponents of all the P Cygni profiles        magnitudes of -6.5 and -5.5 are ob-                                log   X (yrn)for Hy, H(3 and Ha are 152.6, 146.2 and       tained for BO and B 9 stars respectively,                                                                                             Figure 2: Continuum energy distribution of104.6 km-' respectively. H6 does not          corresponding to masses of -20 and             N82 deduced from broad band photometry.display a P Cygni profile; it appears as a    10 Ma. These values should be com-strong absorption line inside a broad         pared with the masses of the three SMCabsorption feature.                           stars R4, R50 and S 18 which have been   The radial velocities of the different     estimated to be 30-50 Ma (Zickgraf et          that mass loss due to the Be mechanismspecies were measured with respect to         al., 1986; 1989). Consequently, N82            is negligible. At lower luminosities, thethe Sun. The mean radial velocity de-         seems to be the lowest mass B[e] star in       Be mechanism dominates the massrived from the [Fell] lines is 204.8 i 5.6    the SMC. Note that all the B[e] stars of       loss, resulting in enhanced equatorialkm s-'. The Fell lines show a similar         the MCs are classified as BO-63                mass loss.mean velocity, but the scatter is much        supergiants, except R66 which is B81a.            The strong IR excess detected to-larger. These values compare well with        The lower visual magnitude of N 82 with        wards the B[e] supergiants in the MCs isthe radial velocities of the central ab-      respect to those of R4, R 50 and S 18          interpreted to be due to thermal radia-sorption dips in Hy, H(3 and Ha, i.e.         (13.09, 11.56 and 13.31 respectively) is       tion from circumstellar dust. The B[e]200.7, 207.3 and 201.5 km s-' respec-         unlikely due to extinction, as N82 lies in     supergiants form a clearly distinct grouptively. The mean radial velocities derived    the SMC wing; moreover its extinction is       on the right-hand side of the (J-H)-(H-from the absorption lines of Crll and Ti II   comparable with those of the above-            K) diagram due to their large (H-K) ex-seem to be somewhat higher, 217.5 and         mentioned stars.                               cess (Zickgraf et al., 1986). As far as210.2 km s-' respectively.                                                                   N82 is concerned, no inference can be   An interesting feature of N82 is that                                                     drawn on the presence of dust around it,                                              5. Discussion and Conclusionsthe absorption lines mostly show an                                                          since the object was not detected in theasymmetric two-component profile. The            Many properties of the B[e] super-          L band. A special feature of N82 is thatblue component is usually stronger than       giants can be understood in terms of a         an important IR excess is detected par-the red one which shows broad wings           two-component wind model first put             ticularly in the H band (Fig. 3). If this(Fig. 1). Some of the absorption lines        forward by Zickgraf et al. (1985) to inter-    feature is due to dust emission, the dustwere deconvolved into their compo-            pret the characteristics of R 126 (M, =        must have an unlikely extraordinary col-nents. For instance, the components of        -10.5), considered to be the prototype         our temperature of - 200 K! Therefore,Crll 4246.4 have heliocentric velocities      of B[e] stars in the MCs. The model            the feature should have another origin,of 237 and 273 km s-', while those of         consists of a cool, dense and slowly           for example emission lines due toTill 4468.5 show velocities of 207 and        expanding disk-like wind component             Brackett series or a late-type compan-250 km s-' respectively.                      and a hot-line-driven fast polar wind.         ion. The second hypothesis seems more   The spectral type of N82 is quite un-      Accordingly, the emission lines come           plausible because the J-H and H-K col-certain since, as for the other MC B[e]       from the pole-on viewed disk produced          ours of N82 correspond to late-typesupergiants, it is difficult to derive a      by a Be type mass loss from equatorial         stars, especially since no ionized gas isspectral type from the photospheric           regions of the stellar atmosphere. The         detected towards N82. More observa-lines. The only photospheric lines de-        difference between the velocities of Fell      tions in the future are needed in order totected are Mgll 4481.1 and Hel                and [Fell] is attributed to the differential   clear up the IR properties of N82. If the4921.9 A.                                     rotation of the slowly expanding disk.         late-type companion is confirmed, N82    No [N II] lines at 6548,84 are detected   The broad absorption lines of highly           would represent the prototype of a newin the red CASPEC spectra. Likewise,          ionized species (Felll, Al Ill, SiIV, CIV      class of B[e] supergiants. Note that R84,there is no sign of emission from [Oil]       and NV), detected in the ultraviolet           an Of-like object and one of the mosth 3727 or [OIII] h 5007 in our long slit      range, originate in the high-velocity po-      spectacular emission line stars in thespectra. This probably means that N82         lar wind. It will be interesting to observe    LMC, is known to have a late-type com-is not associated with nebulosity as          N 82 in the UV to check for the pres-          panion classified as an M 2 supergiantconfirmed by images obtained through          ence of a "hybrid spectrum". However,          by Cowley and Hutchings (1978).R and Ha filters.                             note that Waters et al. (1987) using the          Now we argue that N82 is not an Ae                                              IRAS far-IR observations to study the          or A-type shell star. According to Ja-                                              characteristics and mass loss ratios of        schek et al. (1988), there are very few4. Mass                                              Be stars conclude that very luminous           A-type stars with emission in the Balmer  From a distance modulus of 19.1 we          stars with M, > -7.8 to -8.5 cannot            lines. These cases belong to Ae/Bederive an absolute magnitude of               form disks due to the high radiation           stars and to close binaries. As a rule,-4.85+AV for N82 which corresponds            pressure that dominates the winds, and         emission features in Balmer lines de-crease towards later B types. Usually, at     these stars may originate from lower               tronomical Photometry, New York, VanB 9 only Ha is in emission and Hfi is only    initial masses. This raises the question:         Nostrand Reinhold.seen up to 88. Before A0 the emissions        how small can the mass of a B[e] star in        Henize, K.G.: 1956, Astrophys. J. Suppl. 2,                                              the MCs be? If future surveys confirm             31 5.are much stronger than the level of the                                                                                              Heydari-Malayeri, M.: 1989, Astron. Astro-continuum (see also Slettebak, 1986)          the presence of low mass B[e] stars in                                                                                                phys. submitted.whereas for A-type stars no case is           the MCs, this will have important impli-        Humphreys, R.M., McElroy, D.B.: 1984, As-known with emission exceeding this            cations for current models of massive              trophys. J. 284, 565.level. This is so striking that one may       star evolution in the Clouds.                   Jaschek, M., Jaschek, C., Andrillat, Y.: 1988,discriminate the Be from Ae stars.               In particular, it would support the bi-        Astron. Astrophys. Suppl. Ser. 72, 505.P Cygni type profiles are only seen in        nary hypothesis for the B[e] supergiants.       Lindsay, E. M.: 1961, Astrophys. J. 66, 169.two very peculiar objects HD31648 and         It should be underlined that two of the         Maeder, A,, Meynet, G.: 1987, Astron. Astro-41 51 1 . Moreover no [Fell] emission lines   three already known B[e] stars in the             phys. Suppl. Ser. 76, 41 1.                                                                                              Schmidt-Kaler, T. H.: 1982, in Landolt-Born-are reported for Ae stars.                    SMC, R4 and S 18, are interpreted to be                                                                                                stein, New Series Group IV, Vol. 2b, eds. K.   Similarly, N82 is probably not a pre-      double systems (Zickgraf et al., 1987;            Schaifers and H. H. Voigt, Springer, Berlin.main sequence Herbig AeIBe star, as it        Shore et al., 1987, Zickgraf et al., 1989).     Shore, S.N., Sanduleak, N., Allen, D.A.:does not meet two of the three member-        It is interesting to consider the case of          1987, Astron. Astrophys. 176, 59.ship criteria (Strom et al., 1972): (1) it    the LMC P Cygni star R81. Wolf et al.           Slettebak, A,: 1986, Publ. Astron. Soc. Pac.does not lie in an obscured region, and       (1981) had estimated a mass of higher             98, 867.(2) it does not illuminate fairly bright      than 50 Ma for this star. Recently, Stahl       Stahl, O., Wolf, B., de Groot, M., Leitherer, C.:nebulosity in its immediate vicinity.         et al. (1987), owing to several years of           1985, Astron. Astrophys. Suppl. Ser. 61,Moreover, N82 is too bright to be a           almost continuous monitoring with high            237.Herbig AelBe star. Strom et al. (1972)        photometric precision, discovered that          Stahl, O., Wolf, B., Zickgraf, F.-J.: 1987, As-                                                                                                 tron. Astrophys. 184, 193.give a list of 12 Galactic stars of this      R81 is an eclipsing close binary system.                                                                                              Strom, S.E., Strom, K.M., Yost, J.: 1972,type with known distances. If we place        The new data reduce the mass of R81                                                                                                 Astrophys. J. 173, 353.these stars in the SMC, their V mag-          to -33 Ma.                                                                                              Waters, L. B. F. M., Cote, J., Lamers,nitudes will range from 17 to 22. The                                                            H. J. G. L. M .: 1987, Astron. Astrophys. 185,brightest one, HD 200775, assumed to          Acknowledgements                                                                                                 206.lie at 440 pc from the Sun (Whitcomb et          I am indebted to Dr. C. Gouiffes who         Whitcomb, S.E., Gatley, I., Hildebrand, R.H.,al., 1981), may be fainter than 17 if its     kindly provided the UBVRl photometry               Keene, J., Sellgren, K., Werner, M.W.: As-distance is overestimated.                    of N82. I would like to thank Dr. T. Le            trophys. J. 246, 416.   The two-component absorption fea-          Bertre for the near IR observations and         Wolf, B., Stahl, O., de Groot, M.J.H., Stre-ture is probably due to the shell             discussions. I am grateful to Prof. I.             ken, C.: 1981, Astron. Astrophys. 99, 351.phenomenon. It would probably sug-                                                            Zickgraf, F.-J., Wolf, B., Stahl, O., Leitherer,                                              Appenzeller for very important com-gest that non-radial pulsations can en-                                                          C., Klare, G.: 1985, Astron. Astrophys.,                                              ments and suggestions. I would like also           143, 421.hance the mass flux from the equatorial       to thank Drs. 0 . Stahl and D. Hutsemek-        Zickgraf, F.-J., Wolf, B., Stahl, O., Leitherer,regions of rapidly rotating Be stars (Wa-     ers for helpful discussions.                       C., Appenzeller, 1.: 1986, Astron. Astro-ters et al., 1987). This is the first time                                                       phys. 163, 119.such a feature is detected in a               References                                      Zickgraf, F.J., Wolf, B.: 1987, in CircumstellarMagellanic B[e] star.                         Beals, C. S.: 1950, Publ. Dominion Astrophys.      Matter (eds.) I. Appenzeller, C. Jordan,   Zickgraf et al. (1986) concluded that        Obs. 9, I .                                      p. 439.the MC B[e] stars are massive post-           Cowley, A.P., Hutchings, J.B.: 1978, Pub.       Zickgraf, F.-J., Wolf, B., Stahl, O., Hum-main sequence objects of mass 30 5 M            Astron. Soc. Pacific 90, 636.                    phrey~, R. M.: 1989, Astron. Astrophys.5 80 Ma. The present result hints that        Henden, A.A., Kaitchuk, R.H.: 1982, As-           220, 206.

CASPEC Observations of the Most Metal-Deficient
Main-Sequence Star Currently KnownP. E. NISSEN, Institute of Astronomy, University of Aarhus, Denmark   The apparent absence of first genera-      1981). The other one is CD -38'245, a           conditions. The sky was clear and thetion stars with zero or negligible            red giant with [FeIH] = -4.5 (Bessell and       seeing was extremely good. At Cerroamounts of heavy elements is a long-          Norris 1984). Here I briefly report on          Vizcachas the monitor displayed an av-standing problem in connection with           some CASPEC observations of a main-             erage FWHM of the seeing profile oftheories of nucleosynthesis in stars and      sequence turnoff star having a similar          0 x 6 , 0 4 9 , 01.'61 and 0Y66 on the fourmodels of galactic chemical evolution.        low metal abundance as CD -38"245.              nights. At the 3.6-m the seeing wasDespite extensive search on objective-        Surprisingly, this new ultra-metal-defi-        around one arcsec. This gave a highprism plates, only two stars are known        cient star is a double-lined spectros-          throughput of CASPEC even if the en-to have a metal abundance less than           copic binary.                                   trance slit was set to a width of 1 '.I2 only111000 of the solar metal abundance,            The observations with the Cassegrain          in order to obtain the maximum (twoi.e. [FeIH] r -3.0. The first one is G64-     Echelle Spectrograph (CASPEC) at the            pixel) resolution, R = 35.000, of the in-12, a main-sequence turnoff star, with        ESO 3.6-m telescope were carried out            strument.[FelH] = -3.5 (Carney and Peterson            October 13-1 7, 1989, under excellent              The aim of the observing programme(carried out in collaboration with W.J.       supposed to arise in connection with theSchuster, UNAM, Mexico) is to deter-          transition from the QCD phase of themine abundance ratios of various ele-         early universe to the hadron phase andments in a large sample of very metal-        lead to neutron-rich and neutron-poordeficient stars. Most of the stars were       regions. The chemical compositions ofselected from a catalogue of 220 halo         stars like CS 22876-32 set upper limitsstars with metallicities determined from      to the amount of heavy elements pro-uvby-(3 photometry (Schuster and              duced in the Big Bang, and may there-Nissen 1989). Spectra with SIN 2 100 in       fore be used as a discriminatory testthe wavelength range 5150-61 50          a    between homogeneous (standard) andwere obtained for 55 stars of which the       inhomogeneous models. In particular itmajority have [FeIH] in the range -3.0 to     would be very interesting to measure-2.0. When the spectra have been re-          the beryllium abundance in very metal-duced and analyzed by model atmo-             deficient stars. Thus, Malaney andsphere techniques the trends of abun-         Fowler (1989) conclude that if a primor-dances of a-elements, odd-Z elements,         dial BeIH ratio of 10-l3 or higher is de-iron-peak elements, and s-process ele-        tected in metal-deficient stars then itments can be studied as a function of         would be a dramatic confirmation of in-[Fe/H]. The results are expected to give      homogeneities in the early universe andnew information about the formation of        would also leave open the possibility ofthe first heavy elements in the uni-          QBaryon= 1 . The Be abundance can beverse and the early evolution of the          determined from the Bell resonanceGalaxy.                                       doublet at 3130 A. The blending by met-   One star immediately turned out to be      al lines is very severe in normal starsmuch more metal deficient than the            but would be much less of a problemother stars. It had been selected from        in an ultra-metal-deficient star like CSBeers, Preston and Shectman (1985),           22876-32.who on the basis of objective-prism              However, the high atmospheric ab-plates and medium-resolution spectros-        sorption at 3100 (- 1 5 at La Silla)copy of the Call K line suggested star        and the relative low CCD sensitivity inNo. CS 22876-32 to be very deficient in       the UV may prohibit high resolution,metals.                                       high SIN spectra to be taken at this   From UBV photometry (V = 12.82, B-V        wavelength at least with present-day te-= 0.40 and U-B = -0.27) the star is           lescopes.estimated to be at the main-sequence             The binary nature of CS 22876-32turnoff for old halo stars. In Figure 1 the   makes it an even more interesting star.spectral region around the Mgl triplet is     Spectra obtained on three consecutiveshown for this star and a sequence of         nights show about the same separationstars with decreasing values of [MgIH].       between the two sets of Mg lines sug-The stars are main-sequence turnoff           gesting that the orbital period is ratherstars and have about the same effective       long. Further high resolution obsewa-temperature as CS 22876-32 (Teff =            tions with the aim of determining the6000 K) according to the Strijmgren           orbital parameters of CS 22876-32uvby-(3 photometry. The remarkable line       would be very useful. This and otherweakness of CS 22876-32 is obvious            metal-deficient, double-lined spectros-and there is no doubt that the star is a      copic binaries should also be checkedbinary.                                       for eclipses. If we are lucky to find a   From the equivalent widths mea-            metal-deficient,   spectroscopic andsured, the magnesium abundance of CS          eclipsing binary then masses and22876-32 is estimated to be 1/10000 of        luminosities of the components can bethe solar magnesium abundance i.e.            determined with high precision. This[MgIH] = -4.0. This is an order of mag-       would allow us to make a uniquenitude lower than the abundance of            test of models of metal-deficient stars            Figure 1: Spectra of the Mgl triplet forG64-12, the other ultra-metal-deficient       and thereby the age determination of               main-sequence turnoff stars having about                                                                                                 the same effective temperature (Teff =main-sequence star known, and it is           the Galaxy would be much more re-                                                                                                 6000 K) but widely different values of thecomparable to the magnesium abun-             liable.                                            Mg/H abundance ratio. Note that CSdance of the red giant CD -38"245.                                                               22876-32 is a binary star and has extreme-Other metals in CS 22876-32 may be            References                                         ly weak lines.even more deficient. Thus, it is striking     Applegate, J. H., Hogan, C. J., Scherrer, R. J.:   The spectra were obtained with the ESOthat the Nal doublet at 5890 A is not           1987, Phys. Rev. D 35, 1 151.                    3.6-m CASPEC instrument during a recentseen in CS 22876-32.                          Beers, T.C., Preston, G.W., Shectman, S.A.:        observing run, October 13- 17. Exposure   In the last few years there has been an      1985, Astron. J. 90, 2089.                       times (EXP) are given on the figure. The spec-increased interest in the chemical com-       Bessell, M.S., Norris, J.: 1984, Astrophys. J.     tra were reduced on-line using the /HAP sys-                                                285, 622.                                        tem available at the telescope. Bias, dark andposition of very metal-deficient stars.                                              Carney, B. W, Peterson, R.C.: 1981, Astro-         scattered light have been subtracted, and theThe reason is that non-standard, in-            phys. J. 245, 238.                               spectra are flat-fielded but not rectified andhomogeneous Big Bang models pro-              Malaney, R.A., Fowler, W.A.: 1989, Astro-          normalized. However, the zero-point forduce a significant fraction of heavy ele-       phys. J, 345, L5.                                the flux is marked on each spectrum. Notements (Applegate, Hogan and Scherer           Schuster, W. J., Nissen, P. E.: 1989, Astron.      that wavelength is increasing towards the1987). The          inhomogeneities     are     Astrophys. 222, 69.                              left.The Peculiar Colour-Magnitude Diagrams of the Metal-RichGlobular Cluster NGC 6553B. BARBU Y, Universidadede SZo Paulo, BrazilE. BICA, UniversidadeFederal do Rio Grande do Sul, BrazilS. ORTOLAN/,OsservatorioAstronomico, Padova, Italy

1. Introduction                                 2. Observations                                  3a. Morphology of the Red Giant
                                                                                                     Branch (RGB)   NGC 6553 = GLC 88 (R.A. = 18h 05m               BVRl frames were obtained at thells,   DEC. = -25" 5511; 1950.0) is a           1.5-m Danish Telescope, equipped with                Figure 2a shows that the RGB formsmetal-rich globular cluster of low Galac-       the high resolution CCD ESO # 8. The             an arc, and that the stars at the RGB tiptic latitude (1 = 50 253, b = - 3 0 029) at a   frames used were taken with a seeing of          are as faint as the horizontal branch (HB)heliocentric distance of about 5.7 kpc          about 0.8 arcsec.                                stars. This is due to a strong molecular(Webbink, 1985), in the direction of the           The reductions were done at the ESO           opacity of Ti0 bands in the B, V and RGalactic centre.                                Garching computer centre using the               filters, whereas in the I filter only the   It shows the following interesting           Daophot and Romafot packages, in                 weak FeH Wing-Ford band is present inproperties: (1) it is one of the most met-      Midas environment.                               these spectral types. This is clearly seenal-rich galactic globular clusters (Mor-                                                         in Figure 2 b where only stars from thegan, 1959; van den Bergh, 1967; Bica                                                             upper RGB are selected. The curvatureand Pastoriza, 1983; Zinn and West,             3. Colour-Magnitude Diagrams                     of the RGB arc might be used as a1984); (2) it is a good example of an                                                            metallicity indicator.inner bulge globular cluster; (3) it shows         Due to its high metallicity, NGC 6553             The amplitude of the distortions thata core with relatively dispersed, and           presents a peculiar CMD morphology,              the RGB undergoes depends on the rel-therefore resolvable stars.                     as it can be seen in the V vs. (B-V)             ative strength of the opacity in the differ-   For these reasons, we decided to in-         diagram for the whole field (Fig. 1 a) and       ent filters. The effect is so strong in the Vvestigate NGC 6553 in detail: in a first        for giant stars only (Fig. 1 b); as well as in   vs. (B-V) diagram (Fig. 1) that it might beimportant step, we obtained colour-             the V vs. (V-I) for the whole field (Fig. 2a)    misleadingly interpreted as a wide giantmagnitude diagrams (CMD) from B, V, R           and for giants only (Fig. 2b). The giant         branch arising from a metallicity disper-and I images, and then we identified            stars in this diagram, as well as in the         sion. We thus leave a cautionary remarkmembers suitable for a detailed spec-           other diagrams where we present the              for CMD observations of compositetroscopic study in order to determine           same selection for different colour com-         metal-rich populations in galaxy nuclei,the cluster metallicity for a second step.      binations, are divided in two groups with        which become available with large tele-   In this work, we present some of the         different symbols according to their V-l         scopes and the Hubble Space Tele-resulting CMDs, and discuss the impact          colour (higher or lower than 3.2, roughly        scope.of these observations for studies of            corresponding to the giant turnover in               On the other hand CMDs using I mag-super-metallic populations.                     the V vs. (V-I) diagram).                        nitudes as luminosity indicator do notFigure 1a: V vs. (5-V)diagram.                                           Figure 1 b: Same as (1 a) but for bright member giants. Crosses and                                                                         squares represent respectively hotter and cooler giants. Notice that                                                                         in this colour combination their loci partly overlap.                 I       I       I       I            1       1       1       1       ~           1       1       1       1    /    I   I      I       I   ~            I    I   I   I   I       I    I       I       I        I        I            I       I        I        I       I        I       I       I       I       I        -    5 -                                                                                                                                        -                    -                                                                                                                                                                   -                                                                                                                                                                5                                                                                              +                                                                                                                                                                               83        -                                                                                      +           +                                                                          $+ +                                                                                                                                                                               EE                        a3
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Figure 2 a: V vs. (V-I) diagram.                                                                                                                            Figure 2 b: Same as (2a) but for bright member giants. Notice the                                                                                                                                                            pronounced arc.
show a prominent turnover (e. g. Fig. 3),                                                                         (i) At about the same magnitude as                                                  4. Reddening and Agebecause of the weak opacity in it as                                                                          the HB, there might be a clump of as-discussed above. Consequently the                                                                             cending RGB stars, in a phase where                                                       The reddening and the age of NGCCMD I vs (V-I) appears to be particularly                                                                     the H-burning shell crosses the chemi-                                                  6553 were estimated by comparing itssuitable for metallicity dispersion                                                                           cal discontinuity left by the convective                                                CMDs with those of 47 Tuc, of an agestudies in galaxies.                                                                                          envelope. The tilting might be partly due                                               typical of old globular clusters, and                                                                                                              to the presence of this clump (see Fusi                                                 Pal 12, an exceptionally young globular                                                                                                              Pecci, 1989).                                                                           cluster of the outer halo. They were all3b. Morphology of the Horizontal                                                                                  (ii) Differential blanketing, which                                                 observed with the same instrumentation    Branch                                                                                                    affects the magnitudes along the HB                                                     and reduced in the same way (Ortolani,                                                                                                              depending on the stellar temperatures,                                                  1988; Auriere and Ortolani, 1988;    NGC 6553 shows a very red HB,                                                                             can produce a tilting in the same direc-                                                Gratton and Ortolani, 1988).which in some diagrams does even                                                                              tion as observed.                                                                         The reddening is estimated to becross the RGB. The HB is otherwise                                                                                (iii) A differential reddening across the                                           about E(B-V) = 1.0, from a comparisontilted, which can be attributed to three                                                                      cluster field could also produce similar                                                of loci in the turn-off and SGB regionseffects:                                                                                                      tiltings (Armandroff, 1988).                                                            with respect to 47 Tuc. Since NGC 6553
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                                                                               [JRG                                                                                                                                                    ILMRGFigure 3 a: Ivs. (V-I) diagram.                                                                                                                             Figure 3 b: Same as (3a) but for bright member giants. This colour                                                                                                                                                            combination appears to be suitable for metallicity dispersion studies                                                                                                                                                            in composite populations like galaxy nuclei. is considerably more metal-rich than          study of super-metallic populations: in          Buonnano, R., Corsi, C.E., Fusi Pecci, F.47 Tuc, part of this "reddening" should        particular those present in bulges of              1989, Astron. Astrophys., in press.be due to an opacity difference: adopt-        elliptical galaxies. Indeed a major diffi-       Fusi Pecci, F. 1989, in "Astrophysical Ages ing the usual value of E(B-V) = 0.8 for       culty of population syntheses using stel-          and Dating Methods", 5th IAP Workshop,                                                                                                  eds. E. Vangioni-Flam, M. Casse, J. Au- NGC 6553 (Webbink, 1985), an opacity          lar libraries is the adoption of isochrones                                                                                                  douze, Ed. Frontieres, to appear.difference of 0.2 magnitudes is found.         for a super-metal-rich population;                                                                                                Gratton, R., Ortolani, S. 1988, Astron. Astro-   For estimating the age, the magnitude       theoretical computations of such iso-              phys. Suppl. 73, 137.difference between the turn-off and the        chrones are not available, and the               Morgan, W. W. 1959, Astron. J. 64, 432.HB is used (see Buonnano et al., 1989).        CMDs of NGC 6553 provide, for the first          Ortolani, S. 1988, Space Telescope Techni-NGC 6553 seems to be slightly younger          time, information on the CMD morphol-               cal Report, ST-ECF-ESO, Garching.than the classical globular clusters (see      ogy for such systems.                            Ortolani, S., Barbuy, B., Bica, E. 1989, inOrtolani et al., 1989), which would have                                                           "Astrophysical Ages and Dating Methods",important implications for the epoch of                                                            5th IAP Workshop, eds. E. Vangioni-Flam,the inner bulge formation.                                                                         M. Casse, J. Audouze, Ed. Frontieres, to                                                                                                   appear.                                               References                                       van den Bergh, S. 1967, Astron. J. 72, 70.5. Impact of the CMDs                          Armandroff, T. E. 1988, Astron. J. 96, 588.      Webbink, R.F. 1985, in "Dynamics of Star   of NGC 6553                                 Auriere, M., Ortolani, S. 1988, Astron. Astro-      Clusters", eds. J. Good, P. Hut, Reidel,                                                 phys. 204, 106.                                   p. 541. The colour-magnitude diagrams of              Bica, E., Pastoriza, M. 1983, Astrophys. Spa.    Zinn, R., West, M.J. 1984, Astrophys. J.NGC 6553 are very important for the              Sci. 91, 99.                                      Suppl. 55, 45.

On the Theoretical Ratio of Some Nebular Lines
A. ACKER, "Equipe Populations Stellaires", Observatoire de Strasbourg, FranceJ. KOPPEN, M. SAMLAND, lnstitut fur TheoretischeAstrophysik, Heidelberg, F. R. Germany,andB. STENHOLM, Lund Observatory, Sweden1. Introduction                                of the planetary nebulae of our Galaxy,          has the same appearance for the CCD                                               in the spectral range 400 to 740 nm and          data as for the IDS data.   As pointed out by Rosa (1985) and                                               with a low resolution of about 1 nm (see             The coefficient f3' is calculated asWampler (1985), the response of the IDS                                               Acker and Stenholm, 1987). We have               follows, assuming a theoretical value ofsystem seems to show a dependence                                               used first the IDS system, and since July        2.88 for the [OIII] doublet as proposedon the value of the input intensity. Peim-                                               1987, a CCD detector, both mounted on            by Mendoza (1983), and the value of thebert and Torres-Peimbert (1987) give a                                               the Boller & Chivens Cassegrain Spec-            extinction c derived from our datareview of different determinations of                                               trograph at the 1.5-m telescope at La            through the Baimer decrement (seethe factor K in the relation between                                               Silla. We have obtained spectra of more          Acker et al., 1989) using the "HOPPLA"the flux F and the instrumental signal                                               than 1000 planetary nebulae: about 400           code written by J. Koppen:S = F('+"). The value of K seems to be                                               spectra taken with the IDS and 120 with          (1 (500.7)/1 (495.9) obs =small (0.03) if the emission lines appearover a strong continuum - which is rare                                               the CCD are measured.                            (2.88 x 10°.013c 1p'for planetary nebulae -, and K is higher                                                            By selecting the lines with intensities(0.08) for lines over a weak continuum.                                                         in the range 103- 1O5 we found:The value adopted by Peimbert and              2.1 The [Olll]doublet                                            +                                                                                                f3' = 1.0316 0.0478 (CCD)Torres-Peimbert is 0.07.                                                                                        +                                                                                                fi' = 1.0317 0.0403 (IDS)   These corrections must be taken into           Here we compare theoretical predic-               These values lead to the following val-account, as systematic errors will affect      tions with observed values for the emis-         ues of the "Rosa-coefficient" fi = I/@':the determination of physical parame-          sion lines ratio [Ollllr 500.7 nm versus                     +                                                                                                0 = 0.969 0.047 (CCD)ters. In particular, if line intensities are   [OIII] at 495.9 nm, taking into account                      +                                                                                                (3 = 0.969 0.038 (IDS)uncorrected, then:                             the interstellar extinction c.                       These values are similar to the value- the extinction factor c (H(3) is too            Figure Ia presents the raw data for                                               +                                                                                                given by Rosa (1985): f3 = 0.96 0.02.high, by about 0.15;                           IDS spectra. For the 342 spectra mea-                On Figures Ib and 2 b, we report the- the electron temperature is too low;         sured, we found:                                 corrected IDS (1 b) and CCD (2 b) inten-- the He/H abundance is underesti-                                          +                                               I (500.7)/ 1 (495.9) = 3.01 0.23.                sities, using the "Rosa-coefficient" f3 =mated and the heavy element abun-                 On Figure 1 a we see that, for faint          0.969. Figure 1 c gives the mean rela-dance is too high, if the determination is     lines (1 (495.9) < lo3), the ratio of the        tions calculated for the IDS data.based on collisionally excited emission        [OIII] doublet shows highly dispersed                The excellent agreement we foundlines.                                         values. For very strong lines (1 (495.9) >       between the IDS and the CCD data sug-                                               105),the ratio becomes too faint, due to         gests that the discordance with the                                               saturation effects. The central part of          theoretical predictions cannot be due to2. ESO Observations of Planetary                                               the relation shows clearly that the ob-          instrumental effects only. To check this   Nebulae                                               served ratio is higher than the theoreti-        assumption, we study now the possible  Since 1984, two of us (A.A. and B.S.)        cal one. Figure 2a shows that the rela-          non-linearity shown by the [NII] redhave conducted a spectroscopic survey          tion 1 (500.7)/1 (495.9) versus 1 (495.9)        lines.                                IDS-SPZCTRA                                                                                                              IDS-SPECTRA                                                                                  I                                   5                              I                                                               I                        I                                                                                                                                                                                         I                                        I                                                                                                                                                                                                                                                                 i
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                                                                                                                                                                                                                         I (Ha1 / I 165481                                                                                                           2         3e           -   1 0 E 3 r INTENSJJY                   1    1.0E5    3b        . DE-REDOENEO                                                                                                       -   DE-REDDENED              -   RDSA-COEFFICIENT             K   =    0.969                                                                     -   ROSA-COEFFICIENT                          K = D.9G9              -   iliEOR    VALIJE 12 9 6 1                -----                                                                  -   JHEOR        VALUE 12 9 5 )                    :       ------2.2 The [Nll] doublet                           measurable if I (Ha)/1(655) > 0.2, as           the IDS receptors cannot be made re-                                                shown by the Figure 3b. On this figure,         sponsible for the apparent discrepancy   On our IDS spectra, we could mea-                                                the value of the [NII] lines ratio de-          between the observed [OIII] line ratiosure the [NII] doublet for 267 nebulae.                                                creases with an increasing ratio R = I          and the predicted one expected to lieWe found: 1 (658.3)ll (654.8) = 2.92 f                                                (Hall (655): if R < I,the intensity of the      around 2.9. It seems possible that the0.32, comparable to the theoretical val-                                                655 line seems underestimated. If 1 < R         true intensity ratio of these forbiddenue of 2.95. On figure 3a, we show the                                                < 4, the 1 (658)ll (655) ratio is near to the   lines is likely to be around 3.0 - asobserved intensities corrected of the in-                                                theoretical value of 2.95. For higher val-      proposed by Rosa (1985). Further ob-terstellar reddening and of the "Rosa                                                ues of the [NII] lines, saturation would        servational and theoretical work iseffect". The average behaviour of the I                                                decrease the observed line ratio. This          needed.(658)ll (655) line ratio versus the 1 (655)                                                effect is clearly visible for the strongestvalue is comparable to the correlation                                                lines (Figure 3c).                              Referencesfound for the [OIII] lines shown on Figure                                                   The number of CCD spectra mea-               Acker, A,, Koppen, J., Stenholm, B., Jas-1 a, but it appears that the "Rosa-                                                sured up to now is not sufficient to allow        niewicz, G.: 1989, Astron. Astrophys.correction" has perhaps not to be ap-                                                any conclusion concerning the [NII]               Suppl. in press.plied here.                                                lines ratio.                                    Acker, A., Stenholm, B.: 1987, The   The measure of the [NII] doublet is                                                                                                  Messenger 48, p. 16.affected by the proximity of the Ha line,                                                3. Conclusions                                  Peimbert, M., Torres-Peimbert, S.: 1987,implying for all [NII] doublets the use of                                                        Rev. Mex. Astron. 14, 540.the "Multiple-Gaussian-Fit" procedure             From the analysis of our IDS and CCD          Rosa, M.: 1985, The Messenger, 38, p. 15.of the IHAP programme. The decon-               spectra of planetary nebulae, we have           Wampler, E.J.: 1985, The Messenger, 41,volution of the (Ha, [N Ill) blend becomes      shown that a nonlinearity proposed for            p. 11.

EFOSC Observations of the Inner Echo Around SN 1987A
F, PARESCE, W. B. SPARKS and F. MACCHETTO,Space Telescope Science Institute, Baltimore, Maryland, USA, andAstrophysics Division, Space Science Department of ESA
  Time varying light echoes around
bright supernovae have been knownsince their first detailed observation in1901-1 902 by Ritchey, Kapteyn andPerrine around Nova Persei 1901(GK Per) and the first comprehensivetheoretical model put forth by Coudercin 1939.   In this framework, they are under-stood as due to the delayed reflection(echo) of the supernova light pulse fromnearby interstellar or circumstellar dustclouds. The temporal variability, ofcourse, is a consequence of the sweep-ing action of the pulse through ananisotropic and inhomogeneous reflect-ing medium.   The recent SN 1987A has not dis-appointed observers of this phenome-non due to its relative vicinity and com-plexity of the surrounding material. Theoverriding scientific importance of thedetailed study of the SN light echoesresides in their ability to shed light on itspast evolutionary history (the SN insearch of its past as it has been aptlyput recently) by progressively illuminat-ing the circumstellar region into whichobjects as massive as the SN 1987Aprogenitor are expected to deposit avery significant fraction (up to 112) of itsmass. he two key observational as-              Figure 1 .46 pects of this endeavour are the ability to image very faint features next to rela-tively bright objects and continuous monitoring to capture the complex tem- poral variations of the phenomenon.    The most dramatic echoes around SN 1987A are those first announced by Crotts in 1988 and now located at ap- proximately 500 and 1250 light-yearsfrom the SN (see The Messenger, 52, p. 13, and 54, p. 28) these are under-stood to be due to sheets of intervening interstellar gas and dust completely un- related to the SN itself and, thus, of limited significance to the issue of SNevolution. As the SN fades, however, it becomes easier to discern faintfeatures located in the immediate vicini-ty of the SN, but until September 1988 nothing within 1 0 - 2 0 of the star could be measured even under intense andvery sensitive scrutiny (see The Messenger, 55, p. 49).   This situation changed suddenlywhen Crotts and Kunkel and Bond,Panagia, Gilmozzi and Meakes both re-ported evidence of the appearance ofan inner echo at 8 - 1 0 from SN 1987Ain October 1988 and January 1989. Be-cause of the inherent faintness of thering against the glare of the SN and theclutter of the crowded star field nearby,        Figure 2 .its reality had to be tempered with somecaution.   To better establish not merely its ex-istence but, more importantly, its phys-         the well-known outer two interstellar       we cannot determine yet whether thisical association with the SN, we used a          ring echoes. The SN lies behind the 3       is instrumental in origin. Incidentally,slightly different approach to the prob-         diameter coronographic spot (the other      the disappearance of the two outerlem. On February 10, 1989 we used the            spots in the field are barely visible as    echoes from Figure 2 shows thatEFOSC operating in the coronographic             noisy circular regions forming a square     they are not linearly polarized, as ex-mode on the 3.6-m telescope with a               pattern with the SN). The inner echo        pected.broad-band V filter and four linear              can be seen as the faint circular feature      The linear polarization figure of 15 %polarizers oriented at position angles           surrounding the SN with a sharp outer       unambiguously establishes the featureO", 45", 90" and 135" to measure not             rim in the East at = 1 0 radius.            to be due to scattered light from dustonly the total but also the polarized flux       For a distance of 52.5 kpc, 1 arcsec in     grains located at = I 5 light-years inof radiation scattered from circumstellar        this image corresponds to =0.8 light-       front of the SN such that the scatteringmaterial around SN 1987A. We clearly             year.                                       angle is =30°. These grains mostdetected a faint arc of V-band emission             A peculiarity of this inner echo in      plausibly reside in a fragment of a cir-with a sharp inner and outer boundary            contrast to the outer ones is its marked    cumstellar shell formed by the deceler-centred on the supernova and of radius           spatial asymmetry. This characteris-        ation of a red giant wind by the bubble8!'3 and width =2'.'5 most prominent in          tic is quite obvious in the polarized       of gas formed by the fast wind of thethe Eastern quadrant between 45" and             flux and especially in the Q Stokes pa-     main sequence supergiant progenitor.135" position angle. Its azimuthally av-         rameter image shown in the accom-           Thus, these measurements can be tak-eraged surface brightness in this posi-          panying Figure 2 obtained with EFOSC.       en as clear indications of the reality oftion angle range is 21.8 IfI 0.2 V mag           In this latter figure, we show an image     the postulated red giant phase of thea r c ~ e c - ~In. this particular region, the   of the difference between the 0"            SN. Continued investigations of thisdetected radiation is found to be partial-       polarizer intensity and the 90" polarizer   type should prove very beneficial in un-ly linearly polarized with a degree of           intensity of the same field as shown in     raveling the nature of the SN through                   +polarization 0.15 0.04 and an electric           Figure 1. Notice how effectively all the    the detailed study of the structure andvector orientation of = 0" position              stars seen in Figure 1 have dropped out     composition of its immediate surround-angle.                                           from Figure 2 leaving only the SN and       ings. No other technique we know of at   The accompanying image (Fig. 1) tak-          its echo. This last image reveals the       this point will allow such an investiga-en with our set-up at La Silla shows the         ring to actually consist of two bright      tion.direct 1-minute V band exposure taken            =90° long arcs centred on the East             We hope ESO will continue to care-during our February run. The field of            and West directions. It is not too clear    fully monitor the immediate surround-view is 219 x 219; North up and East to          yet whether there is any emission at all    ings of this fascinating object especiallythe left with a linear intensity scale from      in the N and S quadrants. The light         now that the SN is rapidly fading and250 adu (black) to 450 adu (white). The          immediately inside the areas in the         the reflected radiation begins to probeSN is the bright source at the centre of         butterfly pattern is also polarized but     the inner regions behind the SN."Deep" Rotation Curves of Edge-on SO Galaxies                        ',E. CAPPELLARO M. CAPACCIOLI and E. V. H E L D ~    ','Ossewatorio Astronomico, Padova, Italy; 'Ossen/atorio Astronomico, Bologna, Italy
   We present a sample of "deep" rota-         the successful reduction of the material        The raw CCD data were processedtion and velocity dispersion curves from       of two of the three objects. Comparison       with MIDAS. Standard recipes were ap-stellar (absorption) spectra obtained at       spectra of a He-Ar lamp were secured          plied for the bias and dark subtraction,La Silla in February 1989. These rec-          before and after each exposure. Finally,      and for the careful flat-fielding based onord observations are part of a long-           spectra of some template stars in the         both dome and down-sky exposures atterm project conceived to investigate          range of spectral classes from G8 to K1       different count levels. The complex dis-how the dynamical behaviour of galactic        were also taken on the same nights.           tortion pattern was mapped using thedisks depends on the bulge-to-disk lightratio. and to unravel the three-dimen-sional shapes of dark haloes in early-type disk galaxies (for a review of thismatter, see Bender et al., 1989,Capaccioli and Caon, 1989, andCapaccioli and Longo, 1989). Thetargets: NGC 2310, NGC 3115, andNGC 4179, are edge-on SO galaxies,chosen among the few such objectswith fairly large angular sizes (distances                                               I                                               I2 5 Mpc) in order to minimize the reso-lution problems (see Fig. 1).    The spectra of the programme galax- ies were secured with the ESO FaintObject Spectrograph and Camera(EFOSC), attached to the Cassegrainfocus of the 3.6-m telescope, andequipped with the high resolution RCA CCD No. 8. In binned mode, this detec-tor gives 320 x 512 pixels of 30 ym,equivalent to 0'1675 on the sky. We chose the grism coded as "Orange 150" in the ESO Users Manual, which pro-vided us with a dispersion of 3.9 A px-' over the wavelength interval from 5000to 7000 A.    Several spectra along the major axis of each galaxy were obtained with expo- sure times ranging from 1500 to 3600 s.To best exploit the full length of the slit (3!6), each galaxy was centred alterna-tively at one or the other end of the slit.This procedure was conceived to achieve both the wanted spatial cov- erage of the source and the simultane- ous recording of a "clean" enough night sky spectrum; the latter must be ex- tremely well sampled, since it is usually the dominant signal in the absorption spectra taken anywhere outside the effective isophotes of early-type galax- ies. In our least favourable case - that of the most extended object NGC 3115 - the edge of the slit opposite to the nu- cleus viewed a region of the galaxy as faint as pg = 24.5, i.e. -7 times fainter than the average night sky surface brightness. As further precaution, off- setting the telescope by -20' we ob- tained also several long exposure spec- tra of the blank night sky, as close as possible in time to the astrophysical ex-     Figure 1: R-band CCD image of the edge-on SO galaxy NGC 4179, secured with the ESO-MPI posures; during the reduction phase,          2.2-m telescope (courtesy of Dr. G.P. Piotto). Our kinematical measurements cover the full they turned out to be fundamental for         length of the major axis of the galaxy shown in this 2' x 3' picture.                                            [r/rel                                                   Rotation and velocity dispersion            0               0.5                1                   1.5              2             curves for two of our three galaxies,      400                                                                                   l6   together with the B-band light profiles                                                                                                  along the major axes, are presented in                                                                                                  Figures 2 and 3. The original data have                                                                                                  been averaged within intervals whose      300                                                                                   l8    sizes increase with the galactocentric                                                                                                  distance; the scatter internal to each                                                                                               $7 interval (r.m.s. of the mean) is shown by-4
,'    200                                                                                            20                                                                                                  error bars in the figures. The kinematical                                                                                                  centre (and the associated systemic ve-                                                                                                  locity) of each galaxy was assumed to                                                                                                  coincide with the peak in the velocity-sE                                                                                         22    f                                                                                                   6   dispersion profile. Symmetry arguments                                                                                                       relative to the two sides of the major                                                                                                  m    axis rotation curves are not effectively      100                                                                                         U                                                                                                       applicable to our material, given the                                                                                                       small overlap between opposite side                                                                                            24         spectra.                                                                                                          We want to warn explicitly the poten-        0                                                                                              tial users of the preliminary data pre-            0                50                100                   150                200            sented here that, contrary to the rota-                                          [arcsec]                                                     tional velocities V(r), the values of theFigure 2 : Radial velocity V(tj (full dots) and velocity dispersion u(tj (open circles) measurements   velocity distJersion7 dr), produced byas a function of the galactocentric distance (in arcseconds and in units of the effective radius)      the plain application of Our reductionalong the S W semimajor axis of the bright edge-on SO galaxy NGC 31 15. V(c) is corrected for          procedure are 50-70 % larger than pre-the systemic velocity, and u(r) is re-scaled by a factor 0.75 (see text). The error bars represent     vious literature measurements. Inspec-the dispersion of the actual data averaged within each bin. The solid line is the major axis           tion of Figure 4 shows that the problem                                             -6-band light profile taken from the photometric study by Capaccioli et al. (1987).Note that the kinematical data extend to r 2re, where pb = 24, a record for absorption linespectroscopy.                                                                                                       is in our scale since, after re-scaling by a                                                                                                       constant factor, our data match very                                                                                                       well the other measurements (which in-                                                                                                       clude some still unpublished photo-                                                                                                       graphic spectra obtained with the Boller                                                                                                       & Chivens spectrograph at the ESOcomparison spectra to derive a line-by-            veloped by Bender (1989). The core of               1.5-m telescope). The reasons why theline wavelength calibration. In the mate-          the procedure is the cross-correlation,             broadening functions of the long expo-rial of this run, we find that the position        at each radial bin, of the continuum-               sure galaxy spectra are significantlyof the comparison lines drifts over the            subtracted galaxy spectrum with that of             larger than the short exposures on thedetector during the night, the maximum             a template. No significant dependence               template stars are probably understood,displacement being of the order of 1               of the results on the different template            but we still lack a procedure to computepixel. This is of consequence for the              stars has been found.                               the correction factors.absolute velocity scale only, in that itleaves a zero-point uncertainty of-t 50 km s-'. In fact, the shift between                                                         [r/reltwo astrophysical exposures can be                             0                 0.5                      1             1.5                                                         300                      ,                       1               1                   6corrected by the match of the night skyemissions.   The crucial step in the reduction                                     NGC 4179 (SF)pipeline has been the subtraction, fromthe galaxy spectra, of the contributionby the night sky light. In the case of NGC2310 - the smallest galaxy of the sam-                   200ple - the sky spectrum was extracteddirectly from the "free" side of thegalaxy exposure, i.e. from that side of            'mthe slit opposite to the nucleus of the              Eobject. Instead, the spectra of NGC31 15 and NGC 41 79 extend so much                       100that no part of the slit is really free fromthe galaxy signal; thus, also the offsetsky exposures had to be used for thesky subtraction. In both cases, thegalaxy frames corresponding to thesame semiaxis were individually sky                        0subtracted, and then averaged by                               0               20              40                60              80means of an algorithm allowing to                                                            [arcsec]correct for cosmic ray events.                     Figure 3: Same as Figure 2, for SE semimajor axis of the edge-on SO galaxy NGC 41 79 shown   The kinematical data Were extracted             in Figure 1. The photometric information is taken from a study by Capaccioli, Fasano, and Heldby the package of programmes de-                   (in preparation).   Figures2 and 3 show that our                     400              ~       ~   ~       I     I   I   ~      I       I   I       I    ~     I    I   I   I       ~   I   I                                                                                                                                                              -kinematical measurements reach the re-                      -    NGC 3115                                                                        AAcord distance, for absorption spectra, of                                                                 A       Illingworth and Schechter-2 re; this is twice the size of the effec-tive isophote (the one which encircles              200     -A           Rubin e t al.half of the total light of the galaxy), andcorresponds of a surface brightness k,         n= 24.                                          d

   In order to appreciate the improve-
ment of these over the literature data onabsorption line kinematics, one can seefor example the "Atlas of velocity dis-persion profiles and rotation curves forelliptical and lenticular galaxies" by DiMartino, Busarello and Longo (1989,preprint).   In all cases, our rotation curves ex-hibit the standard signatures of SOgalaxies, i.e. the bumps characteristicof systems where the "conspiracy" be-tween the disk and the bulge is not finelytuned (cf. Capaccioli, 1979). More im-portantly, they confirm that the flat trendnoted at small galactocentric distances-where disks may be still prominent - ismaintained at larger distances, well inthe range where the bulge is dominant;for instance, according to Capaccioli etal. (1987), the major axis light profile of                              ANGC 31 15 is dominated by the bulge at                 5        0            i       -        i  i     1              1       '       i  "        "    "          ~all galactocentric distances > 0.45 re. In                       - 100                       -50                  0                   50              100spite of the fact that, thanks to theunique performances of EFOSC, our                                                                      [arcsec]measurements have almost doubled the           Figure 4: Comparisons between the rotation and velocity dispersion curves of NGC 31 15 fromrange of radial distances covered by           this study (solid line) and the kinematical data published by Rubin et al. (1980) and lllingwotthprevious kinematical mapping, these            and Schechter (1982).deep data do not provide us with anystrong evidence for dark matter in early-type disk galaxies, say comparable to          Capaccioli, M., Held, E.V., and Nieto, J.-L.,                Astron. J., 256,481.the HI rotation curves in late-type disk           1987, Astron. J., 94, 1519.                             Rubin, V.C., Peterson, C.J., and Ford Jr.,galaxies. The reasons are the still            Illingworth, G., and Schechter, P. L., 1982,                  W. KI., 1980, Astron. J., 239,50."short" radial range, and the uncertain-ties introduced by the non-negligible ve-locity dispersion and by the modelling.All this matter is under investigation. Afull account of the observations de-scribed here, and the relative astrophys-ical discussion, will be presented else-       International Portrait Cataloguewhere.                                                  One of the last days in September this                   ers, in particular for the benefit of (future)                                               year, I went to Berlin (West) to give a talk                historians. More than 7500 photos and                                               at the Wilhelm Foerster Volkssternwarte                     drawings have already been gatheredReferences                                                                                                 by this project which has been going on                                               (People's observatory), on the occasionBender, R., 1989, Astron. Astrophys., in       of the 100th anniversary of its "Bam-                       since 1971, under the auspices of IAU  press.                                                                                                   commission 41 (History of Astronomy).                                               berg" refractor.Bender, R., Capaccioli, M., Macchetto, F.,  and Nieto, J.-L., 1989, The Messenger,                                                 Among the speakers was also Dieter                           However, it appears that many as-  55,6.                                        6. Herrmann, Director of the Ar-                            tronomers are unaware of the existenceCapaccioli, M., 1979, in Photometry, Kinema-   chenhold-Sternwarte in Berlin-Treptow,                      of this catalogue, that is at least my  tics, and Dynamics of Galaxies (Austin,      GDR, and noted astronomical historian,                      impression after having talked to some  Texas), ed. D.S. Evans, Texas Univ. Press:   who had come over to celebrate this                         colleagues here in Munich. This is con-  Austin, p. 165.                              jubilee of one of the oldest, still function-               firmed by Prof. Herrmann's difficulties inCapaccioli, M., and Caon, N., 1989, in         ing large telescopes, in this case exclu-                   acquiring portraits of now living as-  IS' ESO/ST-ECF Data Analysis Work-           sively installed for public education pur-                  tronomers. He therefore asked whether  shop (Garching, FRG), e d ~ .P.J. Gros-                                               poses.                                                      it would be possible to place a small  b0l, F. Murtagh and R.H. Warmels,                                                  Quite apart from the happy event                         note in the ESO Messenger to this  p. 107.Capaccioli, M., and Longo, G., 1989, in Win-   which brought us together, I learned                        effect, at the same time hoping for reac-  dows on Galaxies (Erice, Italy), e d ~ .J.   about Professor Herrmann's efforts to                       tion from our readers. I am happy to  Gallagher and G. Fabbiano, Kluwer Acad.      establish the world's most comprehen-                       provide this space for this useful pur-  Publ.: Dordrecht, in press.                  sive collection of portraits of astronom-                   pose.   So Messenger readers beware: hereis your best chance ever to make yourimage known to future generations! I amtold that portraits can be sent as gifts oron loan only; in the latter case, they willbe returned within a month after havingbeen copied. Subject to any restrictionsimposed by the donors, the ArchenholdObservatory is prepared to supply onrequest copies of portraits held by themand will issue lists of their holdings fromtime to time. That is a most useful offerfor all who have to write an article or givea talk about the past of their observato-ry, etc.   The address is: Prof. Dr. D.B. Herr-mann, Archenhold-Sternwarte, Alt-Treptow 1, DDR-1193 Berlin, GermanDemocratic Republic. They will behappy to hear from you.           The editorJacques BeckersElected to Dutch andNorwegian Academies   On August 28, Queen Beatrix of theNetherlands confirmed the election ofESO staff member Jacques Beckers as"Correspondent" of the Division for Sci-ences of the Roval Academv of Sci-ences of the etherl lands. ~ o i r e s ~ o n d -The Efficiency of OPTOPUSing members are researchers with a de-gree from a university in the Nether-             This is part of an OPTOPUS frame resulting from an exposure of galaxies in thelands, residing abroad.                         cluster Abell 3158, as obtained during the first run (in September 1989) of the ESO  Jacques Beckers, who joined ESO in Key Programme on "Structure and Dynamics of Rich Clusters of Galaxies".1988 to become Head of the Interferom-             Note that only the blue parts of the 31 spectra (of 28 galaxies and 3 "skies") areetry Group, also became a foreign shown in this picture, which covers the wavelength range from -383 nm (top) tomember of the Mathematics-Physics -440 nm (bottom). The bluest Call doublet (about one third of the way down) isSciences Division of the Norwegian from sky; the redder Call doublet (about two thirds of the way down) is from theAcademy of Sciences last year.                  galaxies, and visually displays the dispersion of the radial velocities of the galaxies in  Our best congratulations to Jacques the cluster.at the time of these well-deserved hon-            In total, 37 exposures were obtained during the run, which yielded a total of aboutours!                                           1000 galaxy spectra.                                                  P. Katgert (Leiden)

An Accurate Wavelength Calibration of CCD CASPEC
Echelle SpectraH, HENSBERGE~,W, VERSCHUEREN~'~oninklijkeSterrenwacht van Belgie, Brussels, Belgium heo ore tical Mechanics and Astrophysics, University ofAntwerp (RUCA), BelgiumIntroduction                                   mining accurate radial velocities. We          tics of the cluster and dealing with rela-   In December 1986 and January 1988           focused our attention on theo blue             tively few lines in early-type stars, it iswe obtained with CASPEC at the 3.6-m           wavelength region (3700-4700 A) and            evidently of primary interest to achievetelescope spectra of early-type member         used CCD # 3 in combination with the           high precision in the wavelength calibra-stars of the young stellar cluster NGC         52 I/mm echelle grating.                       tion, particularly avoiding systematic2244 with the main purpose of deter-             For the study of the internal kinema-        errors with wavelength. Th-Ar calibra-tion spectra were obtained before andafter every stellar exposure, in the corre-sponding telescope position. The inter-nal consistency obtained from compar-ing measured line positions on subse-quent calibration frames, after allow-ance was made for a small shift of thespectrum over the CCD (of the order of afew lo-' pixel in the wavelength direc-tion), is roughly 0.03 pixel in agreementwith Monte Carlo simulations taking intoaccount photon noise and read-outnoise.    However, in a first reduction usingstandard MlDAS procedures we noticedthat the r.m.s. of the residuals betweenfitted and theoretical wavelengths wasmuch larger, of the order of 0.15 pixel(0.02 A) in accordance with the resultsmentioned by D'Odorico and Ponz(1984). These residuals are obviouslynot representing random errors, but                     I                      I                      I                           I                            1systematic trends as one might check                 - 0.50                 -0.25                    0.00                    0.25                           0.50                                                                                      P O S ~ T ~ O N L ~ N EC E N T R E    (Pixel)bv com~arincl          .   -  the residuals for a ~ i v e nline on various frames. This contribution        Figure 1: Systematic errors induced by the 'aravity" method depending on true line centre-to-points out the origin of these systematic        pixel centre position. Curves labelled with FWHM refer to theoretical calculations for gaussianerrors and describes our solution to the         lines. Dots resp. circles refer to empirical relations deduced from blue 52 I/mm resp. redproblem.                                         31 I/mm echelle CASPEC data on CCD # 3.Analysis of Standard MlDAS                       dicted line centre position for gaussian          but of order lo-' pixel for FWHM = 2Wavelength Calibration                           lines as a function of the position of the        pixels. The global effect of "gravity" isProcedure                                        exact line centre relative to the centre of       that the line is seen closer towards the                                                 the pixel on which the line was found.            pixel edge than is actually the case   The standard MlDAS procedure de-              Figure 1 shows that the usefulness of             (FWHM > 0.9), an effect that might befines the actual position of the Th-Ar           the "gravity" method strongly depends             empirically illustrated by forming a his-lines in the extracted orders by default         on FWHM, producing systematic errors              togram of the "gravity" measured lineas the centre of gravity of the two bright-      of order       pixel for FWHM = 1 pixel           centre-to-pixel centre positions (Fig. 2).est pixels relative to the third brightest.(The more experienced user can usegaussian fitting by specifying his choicein the MlDAS procedure ECHSEAR.) It                                                                                         CASPEC

then identifies the lines, after elimination                                                                                52 L.1 MM
                                                                                                                            k,=~2008                0of resolved doublets, and in the case oftheoretical close doublets with compo-                                                                                      CCD       R   3             o                                                                                                                            F W H M z 1 . 9 Pixelnents of comparable strength, it couplesthe line position to a weighted meanwavelength. Finally, it predicts h,(x) as afunction of position x in order m for eachorder independently by fitting a thirddegree polynomial in x. If less than 4lines are identified in a given order, alower degree polynomial is chosen or,when less than 2 lines are identified,ultimately a global first approximation fitwith 6 coefficients is used.   Two kinds of systematic errors areintroduced by using the standard cali-bration method, one associated with theactual definition of line centre, the otherwith the inadequate treatment of lineblending. Depending on the desiredwavelength accuracy, one might con-sider these errors either negligible orinadmissible.   In order to illustrate the kind of sys-tematic error introduced by the "gravity"              -0.50                -0.25                 0.00                     0.25                         0.50method used to determine line centre,                                                        P I X F R A Cwe calculated the theoretical difference         Figure 2: Distribution of "gravity" measured line positions relative to pixel centre (0.0), summedbetween the exact and the "gravity" pre-         over 18 calibration frames.                                                       (or PSF) fitting. The possibility of gauss-    84 coefficients to be determined in the  0.2                     CASPEC                       ian fitting is available in MIDAS, except      standard MlDAS procedure).                                                       for the fact that the standard gauss fit-          We performed theoretical and empiri-                                                      ting routines in the current echelle pack-      cal tests, fully independent from r.m.s.                              F W H M 5 1.9 Pixel      age are not intended to deal with under-       considerations, to build a system for                                                       sampled gaussians, nor to treat all kinds      calibration line selection that allows as Z                                                     of input data substantially differing from     much freedom as possible to the poten-.-0 !-                                                       pure gaussians. We removed these limi-         tial user. On the one hand, we degraded 0 0.1 a                                                     tations   by an extension of the conver-       the laboratorium thorium spectra e                                                     gence criteria, an improvement of the          according to our instrumental set-up LL                                                       initial guesses for the fit parameters and     and calculated blend-induced offsets 61                                                       the introduction of the finite pixel size in   for several line centre-to-pixel centre                                                       the computation of the gaussian fit func-      positions by gaussian fitting using win-                                                       tion and its derivative.                       dows including up to 7 pixels. On the                                                          The line blending problem calls for a       other hand, we searched empirically for                 0.05        0.10         0.15         scrutiny of the available calibration ta-      evidence of blends by exploiting the dif-                    ~ h [ ~ ~          - e l h) ~ ~ ~ ~bles                                   ( pix                   ~ (LINCAT                                                               l       tables in the MlDAS envi-      ferent sensitivity for asymmetries of the                                                       ronment). With the majority of the lines       "gaussian" and the "gravity" methods.   Figure 3: Distribution of the offsets caused by more or less seriously affected by                 The latter test has been performed on 3   line blending in the thorium spectrum be-           blends, the choice is somewhere in be-         complementary frames i. e. each shifted   tween 3 700 and 4 700 A for gaussian fitting                                                       tween adopting corrections to the              by pixel in order to achieve optimal   over 5 pixels at the indicated instrumental                                                       laboratory wavelengths according to the        results (the detection sensitivity for a   configuration. Only lines strong enough to be   detectable with CASPEC were retained as             instrument's characteristics and the ap-       particular blend depends strongly on  primary component.                                   plied reduction procedure, or selecting a      line centre-to-pixel centre position). The                                                       relatively small number of almost un-          test is inherently insensitive to close                                                       blended lines. The weak points of the          blends (separation much less than one      The thorium spectrum is rich in spec- first choice are the dependence of the                    pixel) and is noise-limited. If one wants  tral lines, especially in the blue. When corrections on line strengths (which may                   to be reasonably confident that the final  aimin at position accuracies of a few vary with age, temperature, internal                          r. m. s. is not dominated by uncertainties        1  , even weak blends should be pressure, etc. of the lamp) as well as on                      in the corrected laboratory wavelengths,                                                                                                      the range of allowed corrections 61  taken into account. Convolution of the measurement and reduction parameters  laboratory thorium spectrum (Palmer (PSF, line centre-to-pixel centre posi-                         should be not much larger than the ex-  and Engleman, 1983) with a point- tion, window used in fitting). The selec-                         pected r. m. s. and its associated uncer-  spread function (PSF) representative for tion possibility on the other hand re-                     tainty E certainly not larger than half that  our data and subsequent gaussian line duces the number of available calibra-                        value. In our case, we selected about 85  fitting shows that two third of the mea- tion lines substantially and creates the                    linesusing 1611 < 5 1 0 - ~ A , 0 5 ~1.5 5  sured line positions for lines detectable            need for a global wavelength calibration        1o - A~ to have a reasonable frame cov-  in the CASPEC calibration spectra differ in order to prevent errors from fitting                     erage (Fig. 4) and checked a posteriori                                                                                                      that relaxing the criteria up to 61 I < 2   by more than 0.025 pixel (0.003 A) from small numbers of lines in each order to  their theoretical position (Fig. 3). One become the major error source (in our  third of all lines give offsets larger than set-up the frame includes 21 orders i.e.                                                                                                                                          1                                                                                                       1 0 - ~ A a n d O s e 5 2 1 0 - ~didnot                                                                                                      change the wavelength calibration solu-  0.15 pixel (0.02 A). Only a very small  fraction of these blends is avoided in the  current procedure. Effects of the order  of 0.1 pixel are commonly caused by  spectral lines one order of intensity  fainter than the line they disturb.      It is obvious that line blending and   "gravity" line fitting cause errors of the   order of the r.m.s. measured using the   standard MlDAS wavelength calibration   procedure. Thus this r. m.s. does not   reflect information on the ultimately ob-   tainable accuracy. More seriously, these   approximations have impact on the final   wavelength calibration, on the order of a   few km s-'. We will not develop here the   statistical arguments in support of this   statement, but we will illustrate it at the   end of the next section (Fig. 6) when   discussing one of our calibration   frames.

 An Improved Wavelength Cali-
 bration Procedure                                                                                             ++++ + ++              ++     +t   +     +   There is no essential argument                           0              100              200               300               400           500 against the definition of the actual line                                                        X (PIXEL) position of the Th-Ar lines by gaussian            Figure 4: Distribution of identified (+) and selected lines (encircled).tion discussed hereafter although the                                                                                                             I        I   I        I       I       I             1       I         I       I
inclusion of about 25 additional lines did                                                                                                                                              CAS P E C

enhance slightly the r. m. s. of the fit. The                                                                                                                                            52 L I M M

calibration solution itself remained                                                                                                                                                     CCD     3    t
                                                                                                                                                                                         METHOD                    GAUSSIANstable with respect to the line selectionas long as it was stringent enough toexclude lines whose assumed (blend)-             -         05                                                                                  +    I       +                                                                                                                         +                                                                                                                                 + +                       +                                                                                                                                                               ++                                                                                                                                                                                         ALL IDENT L I N E S                                                                                                                                                                                         ORDER    FIT

wavelength is presumably wrong by at              2                                                                                                                     +

least 4 to 5 times the noise-expected             5u>
                                                  17uncertainty. The information content ofthe computed r. m. s. however does de-           -Z                                                  4                                                  apend more critically on the selection and         d                                                  3the r. m .s. rises strongly when the con-ditions on E are further relaxed.   The calibration has been made finallyusing a global fit of the form                                                  B                                                  V)                                                  W                                                  n:                              t +                                                                                       *                                                                                                                         +       =*                            +        fh (x, m*) =     a. + (a,   + b,m*) x + a2x2+ a3x3                      1 +elm*                                                           1with m* = constant-m, conform to the                                          L    A   -   I           1-    1 - 1                                                                          --I               J     J       lMlDAS order renumbering, equal to 1                                               75                              80                                      85                                      90for the highest observed order (the con-                                                                                             ORDERstant being 94 in our case) and x running                                                      7 - 1         1-1             I        I       "       1             I       1 - 7 7                                                  -from 1 to 520 (CCD # 3) defining the                                                                                                                                                                                                -                                                                                                                                                                                    CASPECactual position of the line centre along                                                                                                                                                                                            -                                                                                                                                                                                        52 L I M Mthe extracted order m*. Table 1 lists ap-                                                                                                                                                                                           -                                                                                                                                                                                    C C D # ~proximate values for the coefficients ob-                                                                                                                                               M E T H O D GAUSSIAN -tained for two frames taken in different                                                                                                                                            16h1eo                                                                                                                                                                                         005runs. Notice that the term in m* in the                    05                                                                                                                       OSESO 0015                                      -

nominator reduces the r. m. s. of frame 2                                                                                                                                               GLOBAL                    FIT               -

very significantly, while it is more or less                                                                                                                                                                                        -

insignificant in the fit of frame 1.             2
                                                 b                                                                C                                                                                                                                                                   -                                                                                                                                                                                                                                    -   Figure 5 compares the residuals rela-tive to this global fit with selected linesagainst the residuals obtained using the                                                 -                                                 w                                                                -                 ; i i $ $ $ i $ +$ $ $                                                                                                       + + + i *                                                                                                                    -
                                                 m              -                                                                                                                                                                   -standard MlDAS procedure, however                W                                                 P:             -                                                                                                                                                                   -with the "gravity" method already re-                                                                -                                                                                                                                                                   -placed by gaussian fitting. It illustrates                      --                                                       -   05                                                                                                                                                                       -the dominant contribution of line blend-                        -                                                                                                                                                                   -ing to the r.m.s. Moreover, notice in                           -                                                                                                                                                                   -Figure 5a the correlation between low                           -                                                                                                                                                                   -

residuals and small numbers of lines for                        -                                                                                                                                                                   -
m 2 88, characteristic for overfitting of                                b                                                        -1-                                                                                                                                                                         -the data.                                                            I   I         I   1        I      I      I      1       l   -    i   -   ~   /   I                     i       I             I       I         1       I
   Figure 6 shows the wavelength                                         75                                  80                                       85                                     90
differences generated by these fits at                                                                                               ORDERcorresponding positions in the frame.             Flgure 5 Residuals in the wavelength calibration for the standard MlDAS procedure withDifferences of 1 to 2 km s-' are very             gaussian fitting on all identified lines (5a) and in case of the proposed global fit using selectedcommon, while the r. m. s. of almost un-          lines (5b)Table 1. Approximate fit coefficients and the maximal contribution in absolute value of the                                           blended lines relative to the global fit iscorresponding terms. Last rows give r. m. s. of residuals with b, included as free parameter or                                       only 0.3 km s-'.fixed to 0.                                                                                                                              Figure 7 finally illustrates the adverse                                                                                                                                      effect of the "gravity" method, showing Coeff.             Frame 1 (Dec. 86)     Frame 2 (Jan. 88)                       Max. contr.          (A)                            the residuals to our global fit when this a0                 3637.2                3635.6                                  constant                                            "gravity" method is used to define the al                     0.118                 0.1 18                              61.4                                                actual line position. The residuals are a2                   -0.86 10-5            -0.86 1o -          ~                  2.3                                                plotted to the line centre-to-pixel centre a3                   -0.08 I o - ~         -0.16 1o -          ~                  0.23                                               position rather than to order number to bl                   -0.16                 -0.55 1o -          ~                  0.06                                               show its (expected) dependence on that c1                   -0.01 0749            -0.010742                             -                                                   quantity.
bl=O b, = free                1      4.610-~                       4.5 lo-3                                                5.2 lo-3                                                3.3 1o - ~                                                                                                                                      Discussion and Conclusions                                                                                                                                        The effects of line blending and, to a                                                                                                                                      lesser extent, the definition of line centre                                                 to line blending effects (they start with          MlDAS users interested in an accu-                                                 about 600 calibration lines per frame           rate wavelength calibration will find al-                                                 and reject in up to 5 iterations outliers       ready part of the possibilities discussed                                                 (residual > 5 o), but Figure 3 shows that       here available in MIDAS. Presently, the                                                 such procedure is relatively inadequate         portable MlDAS version already in-                                                 (as statistically the probability that a        cludes "gaussian" as default method. A                                                 blending line causes a given wavelength         catalogue of thorium-argon lines includ-                                                 offset decreases smoothly with the size         ing indications on the blending of the                                                 of the offset), we also tried to fit our        lines     in !he      wavelength      range                                                 selected data with this type of calibra-        3700-9000 A is also available in                                                 tion formula. However, we did not ob-           Garching. This catalogue will be up-    L    '   c                            I      tain lower residuals, so that its useful-       dated end 1989 to include our theoreti-             90    85     80        75                    ORDER                        ness is at best limited to the particular       cal study of blending due to argonFigure 6: Range of differences between the       kind of echelle discussed by Goodrich           based on a wavelength list compiled bywavelength predicted by our global fit and       and Veilleux (1988) for which it was in-        Norlen (1973). This reference containsthat predicted by the standard MlDAS order-      tended. The main difference with our            accurate wavelengths for a large sampleper-order fit. Labels indicating the larger      formula is the denominator, where we            of the Arl and Arll lines seen in theranges refer to the ordinate scale at the left   have m+constant instead of m, the con-          CASPEC calibration spectra (it may also(AIL).The horizontal broken lines indicate +/-                                                   be useful to improve some argon                                                 stant being near to 1 in our case. It turnsone standard deviation of the residuals in the                                                 out that optimization of this constant is a     wavelengths in the LINCAT tables) asglobal fit.                                                 necessary condition to obtain an accu-          well as for weaker lines that may                                                 rate solution for CASPEC.                       nevertheless perturb thorium lines. Theby the "gravity" method, give dominant              Our main conclusions are, that               catalogue is an extension of the LINCATcontributions to the residuals between              (i) in order to achieve high precision in    tables in the sense that columnspredicted and measured line positions.           the wavelength calibration of CCD               specifying our parameters 6h and c areThey affect the wavelength calibration           echelle spectra, a careful selection of         added. The user might create his ownincreasingly with the number of parame-          reference lines is required, and the            selection from this catalogue by apply-ters allowed in the calibration fit. The         method "gaussian" should be used in             ing the SELECTlTAB command on theglobal calibration fit h = h (x, m*), de-        the definition of line centre.                  added columns and by adding theduced empirically from the regularities             (ii) a global calibration model h (x, m)     corrections Sh to the (uncorrected)seen in provisionally made bivariate             describes accurately the measured line          wavelengths in the first column. Al-polynomial fits, has given excellent re-         positions in the case of "blue" CCD             though compiled for one specific dis-sults i.e. residuals of about 0.03 pixel.        CASPEC echelle spectra.                         persion, it remains useful at higher dis-Additional support for its validity comes           The success of the global model is           persion (e.g. smaller pixel size) when thefrom the fact that it predicted better than      essential with respect to (i) in so far that    selection is limited to almost unblendedbivariate polynomials the wavelengths            it permits to apply a stringent selection       lines. It is believed that the definition ofof the best (relatively weakly blended)          on the thorium-argon reference lines.           the risk factor through 6h and E leavesnot-selected lines, even when the poly-nomials were allowed to have up to 24parameters.   Both the questions whether there isany theoretical support for this formula                                                                                C A S PECand whether it is (more) generally appli-                                                                               52 L./MMcable to other echelles remain to be                                                                                    CCD#3investigated. Since the mathematical                                                                                                                        METHOD : G R A V ~ T Yform of h (x, m*) should be obviously                                                                                   1 6h1 co.005invariant for linear transformations in x                                                                                                                        OSES0.0015and m* (i.e. for scaling and zero-point                                                                                                                        GLOBAL F I Tchanges), the formula to be actuallytested should contain at least an addi-                                                                                                   +-tional term in m* in the nominator,                                                                                                              I
h (x, m*) =(ao + born*)+ (al + bl m*) x   + a2x2+ a3x3                 1 + c,m*In our case bo appeared to be indistin-guishable from 0, but it would not havebeen with any zero point definition.    Goodrich and Veilleux (1988) recentlyproposed a somewhat similar global for-mula, a bivariate polynomial in x andl / m that might be conveniently writtenas
                                                                     . 4            . 2          0                 .2               .4                                                                                          PIXFRAC (PIXEL)                                                 Figure 7 : Influence of the "gravity" method on the residuals in the wavelength calibration  They claim much higher residuals, 0.2          (global fit using selected lines). PIXFRAC is the "gravity" computed pixel fraction position ofto 0.5 pixel. Since part of it might be due      line centre.room for interpretation and generaliza-       offered by MlDAS to define user func-         using the facilities at ESO-Garching.tion whenever necessary. Presently, E         tions, and he will himself have to take       H. Van Diest (KSB) helped in introducingincludes uncertainties due to line            care of the transport of the coefficients     software changes in IHAP for test pur-centre-to-pixel centre position, window       in the system during the further reduc-       poses in Brussels. The Belgian Natio-choice in the gaussian fitting (up to 7       tions. Nevertheless, ESO is looking into      naal Fonds voor Wetenschappelijk On-pixels), FWHM of the PSF (up to 2 pix-        the possibility to include the alternative    derzoek is acknowledged for a grant inels ). E is provisionally set to a pre-       of global dispersion formulae in future       connection to this work (nr. S2.0091.88).defined code when there is empirical          versions of the echelle package.evidence for blending with argon lines.Blends with weaker argon lines undoub-                                              Acknowledgements                              Referencestedly remaine! unrecognized, especiallyabove 4700 A where the empirical test           We gratefully acknowledge the coop-         D'Odorico, S., Ponz, D.: 1984, Theturned out to be less sensitive (among        eration of ESO staff. In particular, this       Messenger 37, 24.                                                                                            Goodrich, R.W., Veilleux, S.: 1988, Publ. As-others due to the undersampling of the        work benefited from discussions and             tron. Soc. Pacific 100, 1572.lines in the available frames).               correspondence with D. Baade and              Norlen, G.: 1973, Physica Scripta 8, 249.   At present, however, the user will         D. Ponz. The calibration spectra in the       Palmer, B.A,, Engleman, R. Jr.: 1983, Atlas ofhave to specify his (own) global disper-      red were provided by J. Melnick. The            the Thorium Spectrum, Los Alamos Na-sion fit function using the possibility       MlDAS reductions were performed                 tional Laboratory, ed. H. Sinoradzky.

Pushing CASPEC to the Limit
E, J, WAMPLER, ESO    Recent CASPEC users will have             be discarded. For approximately 48            shows a three-hour frame before clean-noticed that there is a continuing pro-       hours after the CCD has first been            ing. In Figure Ib the lower threshold ofgramme to upgrade the capabilities of         turned on, the dark current is high, ini-     the image was set to 280 DN, just abovethe spectrograph. Together with elec-         tially as much as one hundred times the       the highest level reached by the quasartromechanical modifications of the            2-3 e- pix-' hour-' that is reached after a   signal. In Figure 1 b nearly all the cosmicspectrograph itself, there have been          few days of operation. Therefore, obser-      ray events are seen. Despite the largechanges in the data reduction pro-            vational programmes that are directed         number of cosmic ray events seen in thecedures. In addition, there is now sub-       to the spectra of objects fainter than        figure, only about 1 % of all image pixelsstantially more experience with the           about mag 15 should be scheduled after        are affected by these cosmic rays. Fil-biases that ESO reduction techniques          programmes for brighter stars. CCD            tering programmes, if used with a fixedintroduce into the data. These improve-       number 8 has some UV sensitivity but          threshold set to 280 DN (just above thements and the increased understanding         the sensitivity below about 4300 A            highest level of the quasar signal), canof the critical processes can lead to a       drops rapidly. It is possible to reach        be very effective in removing the cosmicsubstantial increase in the limiting mag-     magnitude 14 or 15 at 3700 A with a SIN       ray tracks seen in this image. The cos-nitude of CASPEC over that obtained in        ratio of about 50 after an integration        mic ray impacts on the CCD generate athe past. Here I want to discuss some of      time of several hours. At 5000 A the gain     large number of electrons but these dothe important choices to be made if           in limiting magnitude over that at 3700       not migrate very far in the Si substrate.good signal-to-noise (SIN) ratios, to-        is about 2 magnitudes.                        The influence of a cosmic ray impact isgether with high resolution, is needed           Even though the readout noise of           confined to only a few pixels. Becausefor faint objects. A general description of   CCD number 8 is lower than that of            these pixels are small, the contrast be-CASPEC has been given by D'Odorico            ESO's other RCA CCDs, this readout            tween the cosmic ray events and theet al. (1983).                                noise is still the dominating noise source    photon signal from the spectrum is   The detector now used with CASPEC          when faint objects are observed. There-       large. Leach (1988) has measured theis RCA CCD number 8. This CCD has a           fore, the SIN ratio that can be achieved      cosmic ray e- generation in CCDs. Hereadout noise equal to about 25 e- when       is directly proportional to the integration   finds that the differential pulse heightit is used with its controller operating at   time rather than the square root of the       distribution of cosmic ray generatedhigh gain. When observing faint objects,      integration time as is the case when the      electrons has a peak at about 400 e-.the CCD controller should be operated         limiting noise source is not the detector     This distribution is very skewed to highat the highest possible gain since faint      noise. I have used integration times as       energy events; only a small fraction of allsources do not tax the dynamic range of       long as 5 hours when observing faint          events produce fewer than 400 e-.the system and a small step size in the       sources. Such long integration times do          The ESO RCA CCDs also showanalogue to digital conversion of the         result in a large number of cosmic ray        events caused by a local source ofdata reduces quantization errors when         events. However, the situation is not as      radioactivity. At least for CCD number 8,working at low signal levels.                 bad as it may first appear; CCD number        the local source has a pulse height dis-   CCD number 8 has several cosmetic          8 is a high resolution CCD and the small,     tribution that is similar to that of theand operational problems that affect its      15 p.m square, pixel format greatly aids      cosmic rays. An examination of the de-ability to detect weak signals. Between       the identification and removal of cosmic      tected radiation events seen on longcolumns numbers 1 and 40 the                  ray events. Figure I shows the results of     exposure frames taken with CCDbackground drops with increasing col-         removing cosmic ray noise from CCD            number 8 indicates that aside fromumn number. Column numbers 40-45,             exposures on the 16.5-mag quasar              differences in the total counting rate, the161 and 201 are always bright and must        UM402 = Q 020207-003. Figure 1 a              cosmic ray model of Leach (1988) ade-                         -                       effects of the cosmic rays have been                                                 largely suppressed. The location of                                                 strong features due to CII and NV lines                                                 are indicated together with the weak CII                                                 fine structure transition. It is noticeable                                                 that the residual intensity in the centre of                                                 the CII line is very low. After data reduc-                                                 tion this intensity was found to be less                                                 than 5%. Figure 2 shows a plot of the                                                 data in the neighbourhood of the CII line                                                 after extraction and wavelength calibra-                                                                                                                      The 3.6-metre telescope was guided                                                                                                                   using a TV guiding system locked to an                                                                                                                   offset guide star. To monitor the guid-                                                                                                                   ing, a mirror was periodically inserted                                                                                                                   behind the spectrograph slit to relay                                                                                                                   transmitted light to a second camera                                                                                                                   that gave a display of the quasar image                                                                                                                   in the slit. The position of the offset                                                                                                                   guider was adjusted from time to time to                                                                                                                   remove the effects of differential flexure                                                                                                                   between the guide probe and the spec-                                                 tion but before any correction for the sky                        trograph and to accurately maintain the                                                 or scattered light background was                                 centring of the quasar image in the                                                 made. The scattered light properties of                           spectrograph slit. For faint objects, wide                                                 CASPEC are quite reasonable.                                      slits should be used in order to pass as                                                    In order to improve the stabilization of                       much starlight as possible into the spec-                                                  CASPEC, a mechanical grip has been                               trograph. It is important to check the                                                  installed to clamp the cross disperser,                          centring of a faint star by seeing the light                                                  which in the past has been held in posi-                         transmitted through the slit. The CAS-                                                 tion by an active servo system that had                           PEC slit jaws do not have good edges. If                                                  a small amount of jitter.                                        the star is slightly off centre, it is possi-                                                    When CCD number 8 is used with                                 ble to lose a substantial amount of light                                                  CASPEC, a single pixel corresponded to                           on the rounded edge of the slit jaw                                                 0.36 arcsec perpendicular to the disper-                          without seeing the lost light when view-                                                 sion and 0.56 arcsec along the disper-                            ing the image of the slit face.                                                 sion. With the 31.6 groove mm-' grating                              Experiments showed that for obser-                                                 the spectral resolution represented by a                          vations in the declination range + 10 > 6                                                 single pixel was about R = h/Ah =                                 > -40 and with the entrance slit                                                 65,000. Although the optics of the spec-                          oriented along the East-West direction,                                                 trograph are nearly good enough to ac-                            the principal component of internal                                                 tually achieve this resolution, atmo-                             spectrograph flexure displaces the                                                 spheric seeing, guiding errors and the                            spectrum perpendicular to the disper-                                                 need to oversample the image reduced                              sion. The amount of this flexure can be                                                 the resolution. For the UM 402 observa-                           reduced by rotating the spectrograph                                                 tions a 1.8 arcsec wide slit was used,                            180 degrees at meridian passage. Dif-                                                 but the seeing during the observing                               ferential atmospheric refraction can shift                                                 period was equal to, or less than, one                            the position of the blue image of the                                                 arcsec. This gave a resolution ap-                                quasar in the slit relative to that of the                                                 proaching R = 30,000. The narrowest                               green image detected by the TV camera                                                 lines seen in the spectrum of UM 402                              system. Systematic shifts of several                                                 suggest that the velocity resolution ex-                          km s-' between the two ends of the                                                 ceeded 15 km s-' (R = 20,000).                                    spectra are possible. If the spectro-

Figurel: a(upper)Athree-hourexposureof               40.       1   I   I   I    I     I   I   I       I        1     1    1   I   1    I   I   I   I   1   1

the 16.5-mag quasar UM 402. The intensity
                                                           -                                                                                                   -scale of this frame is in the range 200 < DN <             -                                      c       11             C* 11        H ~y-a                   -
260. b (middle). The same frame as the upper               -                                                                                                   -
one but with the intensity scale in the range              -                                                                                                   -
280 < DN < 290. This image clearly shows             30.   -                                                                                                   -

the cosmic rays "hits" accumulated during                  -                                                                                                   -
the three-hour exposure. c (bottom). The av-               -                                                                                                   -erage of two three-hour exposures after the                -                                                                                                   -images were cleaned as described in thetext. Several absorption lines are identified.   1                                                 2                                                     20,   1                                                           -                                                                                                                                                               -                                                                                                                                                               -                                                                                                                                                               -
quately describes the radiation events
found in CCD number 8 images. Afterexperimenting with alternative pro-grammes for removing these eventsfrom the image, the MIDAS programmecalled "MEDIANIFILTER" was usedsince, with a suitable choice of parame-ters, this programme is effective in re-moving the cosmic ray events while do-ing minimal damage to the underlying                  4690                     4695               4700                    4705             4710            4715data.                                                                                             WAVELENGTH (A)   Figure Ic shows the average of two            Figure 2: An extracted portion of the spectrum shown in Figure 1c. Note the residual intensitythree-hour integrations; clearly, the            from scattered light in the bottom of the saturated CII line. graph is rotated at meridian passage in       km s-' between the beginning and the           proved if the original CCD pixel width order to reduce the total flexure, and if     end of a long integration. The principal       was retained. This would result in a non-the observations are centred on meri-          effect on the spectrum of the obser-           uniform wavelength spacing of the pix-dian passage the principal result of this      vatories changing velocity vector in           els. At present, with the available soft-shift is to smear the violet end of the        space is a reduction of the spectral res-      ware, this is not possible. Rebinning to aspectrum, rather than to create a sys-         olution. A careful choice of the time of       coarser grid than the CCD pixeltematic wavelength dependent velocity          observation can mitigate this problem.         smooths the data but at the expense ofshift.                                            If it is intended to convert the ob-        lowering the resolution of the spectrum.   The wavelength calibration is ob-           served wavelengths to vacuum values,           I think that some of the even pixel, oddtained from observations of a Th-Ar            the formula given by Allen (1964) for the      pixel jitter in the spectrum seen in Fig-lamp. In the reduction process 50 to 70        refractive index of air can be used. His       ure 2 is due to this rebinning patternspectral lines were used to determine          formula is valid for standard tempera-         noise.the calibration of each echelle order.         ture and pressure and is not strictly             I hope that some of these comments(Over l o 3 lines are used for wavelength      correct for the high altitude conditions at    prove useful to the CASPEC user com-calibrations in the blue green spectral        La Silla. The difference can amount to         munitiy. A total system efficiency ofregions). The use of many lines strongly       about 20 km s-'. The differential effect       about 4 % can be obtained when usingconstrains        the  two     dimensional     is approximately 400 m s-' between             CASPEC! This is rather good for thewavelength fit and, to some extent, re-        4000 r\ and 6000 A.                            present state of instrument develop-duced the calibration errors caused by            An important feature of the MlDAS           ment. New detectors are on the way,line blends and misidentifications in the      extraction programme is that it rebins         and new instruments and telescopesTh-Ar wavelength table. The wavelength         the raw image pixels to a uniform              will make our existing facilities seemcalibration process is an iterative one:       wavelength scale before merging indi-          modest. But for now CASPEC, if usedthe first step is to obtain an initial cali-   vidual spectral orders. In order not to        intelligently, is a powerful tool for widen-bration using only the strongest lines.        degrade the spectral resolution of the         ing our understanding of the Universe.This initial calibration is then used to       extracted spectrum, software bin widthsconstrain a second calibration that uses       of 0.05 A can be chosen for the bluemuch weaker spectral lines. If the weak        spectrum, and for the red 0.10 A binlines are used initially, the programme        widths were used. Both of these choices        Referencesusually finds an incorrect solution for the    result in bins that are narrower than the      Allen, C. W. 1964, Astrophysical Quantitiesline fit. But if the wavelength calibration    wavelength span of a single CCD pixel.            (London: The Athlone Press), p. 144.                                                                                              Dick, J., Jenkins, C. and Ziabicki, J. 1989,is done correctly, the mean residuals to       Unfortunately, the rebinning substantial-                                                                                                 Pub. Astron. Soc. Pac., 101, 684.the fits are about 9 mA in the blue and        ly increases the apparent noise in the         D'Odorico, S., Enard, D., Lizon, J.L., Ljung,12 mA in the yellow. In each case this is      spectrum. A discussion of "pattern                B., Nees, W., Ponz, D., Raffi, G. and Tanne,about '/7 pixel or about 0.7 km sec-'.         noise", but in a slightly different context,      J. F. 1983, The Messenger, 33, 2.   The motion of the earth can also result     is given in a paper by Dick et al. (1989).     Leach, R. W. 1988, Pub. Astron. Soc. Pac.,in a differential velocity shift of several    The reduction procedure could be im-              100, 853-858.
More Light Through the Fibre: an Upgrading of the
Link 3.6-m CES          -S. D'ODORICO, G. A VILA and P. MOLARO, ESO1. The Configuration of the Fibre              both the CAT and the 3.6-m need to be             There are now four fibres permanently   Link Today                                  "booked". As a consequence, the OPC            installed between the Cassegrain cage                                               checks with special care whether the           of the 3.6-m telescope and the entrance   Different types of commercial fibre         use of the larger collecting area is in-       to the CES. Table 1 summarizes theoptics find useful application in modern       deed absolutely necessary. A very con-         characteristics of the four fibres. Twoastronomical instruments. ESO has              vincing case and an outstanding scien-         types of lenses are used on differentbeen particularly interested in the use of     tific justification are a must for these       fibres to image the pupil of the tele-fibres as "light pipes" to feed spectro-       programmes.                                    scope on the fibre input face andgraphs at a distance from the telescope.           ESO observers have access to this          change the input ratio from Fl8 toThis is the case of the Coude Echelle          new observing mode as of April 1988. A         around F/3. The rod lenses have a betterSpectrograph (CES) fed through a 35 m          complete description of the set-up had         transmission below 4000 r\, the self-foclong fibre from the Cassegrain focus of        been given in the article by Avila and         lenses are slightly more efficient be-the 3.6-m telescope, alternatively to the      D'Odorico in the Proceedings of the            tween 5000 and 10000 A. The transmis-standard use with the CAT telescope.           ESO Conference on "Very Large Tele-            sion of the Polymicro and GFO fibres areThe gain one can achieve by using the          scopes and their Instrumentation",             approximately equivalent (see Fig. 1);larger telescope can be as large as two        p. 1121 (1988). In March 1989 the sys-         both are used with a 3.4 arcsec dia-magnitudes over a wide spectral range          tem was upgraded and we report here            phragm at their entrance. The smaller<and this difference opens the way to an        on the options which are now available         core diameter QSF fibre is used with aentirely new class of observations that        and on the overall efficiency. This infor-     2.4 arcsec diaphragm: it has no trans-at the CAT would be photon limited.            mation complements what can be found           mission below 4000 A, but it is moreObviously, would-be observers have to          in the March 1989 version of the Operat-       efficient than the other two types abovebe aware that when the link operates,          ing Manual of the CES.                         7000 A. Three new image slicers arealso available. They are built from silicawith transmission around 90 % over theentire spectral range. The output end ofthe working fibre is coupled by a fieldlens and a triplet to the input face of oneof the image slicers. In March 1989 thetriplet was also substituted with onemade of UV transparent glass with highefficiency over the entire spectral range.The optical system converts the F/3beam from the fibre to the F/32 beamaccepted by the CES collimator. Theimage slicers "reformat" the image ofthe fibre into an artificial, narrow longslit. The properties of the different slic-ers and their optimal coupling to the                                                  I                          ..Polymicro                                                                                                                    .........................different fibres and cameras of the CESare also given in Table 1. The resolution                                                                   20   '           I                                                                                     II                                                                                                                - - - -133                                                                                                              QSF                                                                                                              -         --on the spectra is determined by the                                                I                                                                                  Iprojected width of the slices on the de-                                          /tector. In the March run, using the imageslicer #2, we measured an average res-                               300              400        500         600   700    800                      900 1000olution of 55,000 with the short camera                                                                   WAVELENGTH (nm)and of 75,000 with the long one.   At the beginning of an observing run                     Figure 1: Measured internal transmission of three 35-m fibres used in the link.with the fibre link, the OPTOPUS adap-ter is mounted at the Cassegrain focusof the 3.6-m. The fibre of choice is                        Observers are actually asked to identify                   ponents of the link and in their inter-mounted on a special OPTOPUS plate                          a single configuration of the link they                    faces. In order to obtain a set of reliablein the central hole of a small mirror,                      want to use with a given CES camera to                     values, four standard stars were mea-which is used to reflect the light not                      minimize the intervention of the La Silla                  sured in March 1989 both through theentering the fibre to the guiding TV. This                  staff.                                                     link and with the CAT at 6 differentis normallv sufficient to operate the                                                                                  wavelengths: 3636, 4030, 5020, 5520,autoguider. On the other end, at the                                                                                   6460 and 8080 8\. These values were                                                            2. The Efficiency of the CES                               chosen close to the centres of differentlevel of the coude room floor, the fibre,                                                               Fed by the CAT or by the 3.6-m                          echelle orders of the CES. The efficien-the projection optics and the image slic-er replace the mechanical slit at the en-                      The paper by Avila and D'Odorico                        cies at wavelengths far from the blazetrance of the CES. The adjustment of                        quoted above included an estimate of                       can be substantially lower (seethe fibre at the centre of the guiding                      the overall efficiency of the link and a                   Table 2.1 of the CES Operating Manual).mirror and at the other end the coupling                    measurement in the visible. The internal                   The observations in the UV-blue wereof the fibre to the image slicer are rela-                  transmission of the 35-m fibres iden-                      obtained with the short camera, those intively simple operations which however                      tified in Table 1 is shown in Figure 1.                    the visible-red region with the long one. require time and skill. For this reason                    Additional losses are introduced by the                    For the fibres from the 3.6-m the 3.4-they cannot be done during the night.                       absorption in the various optical com-                     arcsec entrance aperture was used; for                                                                                                                       the observations with the CAT the en-                                                                                                                       trance slit of the spectrograph wasTABLE 1: Options Available at the Fibre Link                                                                           widened to 5 arcsec. The observations                                                                                                                       were distributed over different nights, all                                                  Fibres                                                               of excellent photometric quality. With    Type                Core diameter           Input   '         Coupling lens             Recommended use            both cameras the detector was the                                                                                                                       standard CES CCD, a double density    G FO               200 p                                                                                           RCA (ESO #9). The results of this com-    G FO               200 p                                  self-foc lens                 Red wavel.                 parative test are shown in Figure 2. The    Polymicro          200 y                                  rod lens/UBK7                 Blue wavel.                limiting magnitude plotted on the y-axis    QSF                133 p                                  self-foc lens                 Red wavel.                  is defined as the magnitude of a star                                                                                                                       which at that wavelength produces oneI                                             Image Slicers                                                   I         photoelectron/&sec on the detector.
                    1   Number of slices
                                                                                  Short Camera +                                                                                                                       The values were measured for an aver-                                                                                                                       age seeing of 1.5-2 arcsec and the                                                                                                                       scatter in the measurements of the dif-                                                                                  QSF fibre                            ferent stars was better than +/- .3 mag-
                                                        I   300                                                                              I                                                                                  Short and long Camera +                                                                                  GFO or Pol                                                                                  fibres                                                                                                                        nitudes. From these numbers the obser-                                                                                                                       vers can easily estimate the exposure                                                                                                                       times needed to reach a given signal-to-                                                                                  Long Camera +                        noise ratio. The gain of the 3.6-m over                                                                                  GFO or Pol                           the CAT is consistently around 1.8 mag-                                                                                  fibres                                nitude at all wavelengths longer than' Diameter of the entrance aperture on the sky in arcsec.                                                               5000A, it is 1.5 mag at 4000 8\ and    Approximate width of slices at the entrance of CES in micron.                                                       drops to .65 mag in the UV where the                                                                                                 photons and the number of photons fall-                   CES                                        CES                                ing on the unit surface of the telescope.
    17 -                BLUE PATH              SHORT CAMERA                                   .   j   .                                                            RED PATH                                                          LONG CAMERA                                                                                                These numbers take into account the                                                                                                effect of all of the telescope and instru-                                                                                                 ment optics and of the detector. For the                                                                                                 measurements with the CAT, these av-                                                                                                erage efficiencies are 0.5, 3.4, 8.6, 9, 7.7                                                                                                and 2.9 at 3636,4030,5020,5520,6460                                                                                                and 8080 A respectively. The agreement                                                                                                with the values given in the CES Op-                                                                                                erating manual at slightly different                                                                                                wavelengths is reasonable. The corre-                                                                                                sponding values from the observations                                                                                                with the 3.6-m and the link are 0.26, 2.1,                                                                                                6.4, 7, 6 and 2.3 respectively. At                                                                                                wavelengths longer than 4000 A, the                                                                      Fiber link                                                                   /.CAT           1            CAT+CES combination is on average                                                                                                1.3 times more efficient. This advantage                                                                                                is however fully lost when the seeing is 2                                                                                                arcsec or worse. In those nights the link                                                                                                works at its best and the gain of the              4000             5000             $000              7000                 8000     larger collecting area is fully realized.                                               X(A)                                                 Finally, it is important to call attention                                                                                                to the problems related to the long slitFigure 2: The efficiency of the CES at different wavelengths when fed by the CAT and when                                                                                                format of the spectra that one obtainsused with the fibre link from the 3.6-m telescope. The reference magnitudes on the Y-axis arefor stars which give one detected photoelectron/i(/sec.                                                                                                with the link. At the beginning of an                                                                                                observina  - run, . the artificial slit ~roduced                                                                                                by the image slicer must be will aligned                                                                                                with the rows of the CCD to avoid a loss                                                                                                of resolution. The use of CCD binning inabsorption in the fibre itself is important.    FWHM, a typical slit of the CES (1.5            the direction normal to the dispersion isThe CAT observations were obtained              arcsec width, 10 arcsec length) trans-          recommended for those observationswith a 5 arcsec wide slit. The actual gain      mits 55% of the light while in the same         where the read-out noise of the CCDin a science exposure can be larger than        condition the 3.4 arcsec circular dia-          (around 30 elpixel) is a limiting factor.that shown in Figure 2. In medium-poor          phragm transmits 70 % of the stellar light.     However, binning cannot be too strongseeing the narrow slit of the CES will            The measurements have also been               if the cosmic ray events which accumu-admit less light than the fibre. As an          used to derive the absolute efficiencies,       late on the CCD over long integrationsexample, with a stellar image of 2 arcsec       that is the ratio between the detected          have to be identified and corrected for.

A Programme to Simulate Observations with EFOSC2
and EMMlS. D'ODORICO, J.-L. PRIEUR, G. RUPPRECHT, ESOIntroduction                                               ground-based telescopes. At ESO,                 two new ESO instruments which are   Every astronomer appreciates the im-        would-be observers have still to rely on         about to come into general use at theportance of preparing accurately an ob-        the information of the Operating Manu-           NTT. EFOSC2 (eventually to beserving run to optimize the use of the         als and do their own computations. This          assigned to the 2.2-m telescope) hastime assigned at the telescope. The pre-       has the disadvantage that the parame-            the same operating modes as EFOSC,paration implies, among other things,          ters of the instruments are not available        the well-known focal reducer at thethe selection of the observing mode            in digital form, that a change in the in-        Cassegrain focus of the 3.6-m. EMMl iswhich is best suited to the needs of the       strument configuration or in the detec-          a more complex device which offers thescientific programme and the computa-          tors cannnot be taken promptly into              possibility to select in real time amongtion of the signal-to-noise ratios (SNRs)      account and that the results of the com-         several observing modes. A descriptionone can achieve in a given observing           putation of the final SNRs come in as            is attached to the ESO Call for Applica-time on the selected targets.                  many flavours as the number of as-               tions for Observing Time for period 45.   Instrumental models have been de-           tronomers.                                       The properties of EFOSC2 (such as theveloped especially for space instru-              As a first step in building a set of          transmission of the optics, of thements to simulate the data obtainable at       models which will describe the be-               grisms, etc.) have been fully measuredthe telescope and to help in the detailed      haviour of the mostly used instruments           in the laboratory and can be used in theplanning of the sequence of the obser-         at ESO one of us (J. L. P.) has developed        simulation. In the case of EMMl the datavations. The possibility of a full simula-     in MlDAS a simulation programme for              set is not complete and a realistic simu-tion is relatively less common with            observations with EFOSC2 and EMMI,               lation will be working from March 1990                               Imaging mode                                                 spectra. The only requirement is to have                                 When finished press CTRL/Z and then on R                   the wavelength in nm in the first column,                                                                                            and the relative flux in photons in the     Channel R                  Filter ES0585                                               second column. Standard spectra and    F/D cam 6.7                 V o b j 25.0           Obj spect EM$D:EGAL                  an average sky spectrum are available in     Detector CCDl              V sky 22.0             Sky spect EM$D:ESKY                  the programme data base.     Prefl. e-  0.0            Seeing 1.0             Zenith dist 20.0                         With this input the format and the    Binn in x  1             Exp time 300.0                                                 quality of the final data are computed. In    Binn in y  1                                     Out. image     OUT-SIMU                                                                                            the case of spectroscopy, the pro- DETECTOR:                                                                                  gramme will give the spectral range, the   ESO ident CCDl           Scale in x     0.167       Full name    THX 31156 coated                                                                                            transmission of the slit, the average dis-        Ncol.  1024         Scale in y     0.1 67      Dark e-/s    0.00800                                                                                            persion and resolution and will compute       Nrows   1024         Bias ADU      100.0         Satur. e-    200000.0                                                                                            at three different wavelengths chosen     ADU e-    2.0            RON e-       6.0                                                                                            by the users the SNRs of the extracted                                                                                            sky-subtracted spectrum. For imaging,                           Spectroscopic mode                                               the SNR computation assumes an in-                                 When finished press CTRL/Z and then on R                   tegration of the total flux of the star-like                                                                                            object, down to a 1 % level for a gauss-     Channel      R           Filter1    CLEAR            Filter2 CLEAR                     ian point spread function.    F/D cam       6.7           V obj    25.0         Obj spect EM$D:EGAL                      Four sources of noise are taken into    Detector      CCDl          V sky    22.0         Sky spect EM$D:ESKY                   account in the SNR computation: the     Prefl. e-     200.0       Seeing     1.0        Zenith dist   20.0                     read-out-noise of the detector, the shot    Exp time      3600.0    Disperser    GRISl        Slit width   0.8                      noise coming from the object, the sky,    Binn in x       1       Slit displ      0.0      Slit length 20                         the preflash (if any) and the dark current,    Binn in y       1        Dichroic    N           Dispersion    0.856                    and the error in the calibration of the    Lambda1        500.0    Lambda2       600.0       Lambda3 700.0                         detector pixel-to-pixel sensitivity (taken DETECTOR:                                                                                            as 1 % of the total level for a given pixel   ESO ident      CCDl     Scale in x     0.1 67      Full name     THX 31156 coated                                                                                            in the default case). These errors are        Ncol.      1024    Scale in y     0.1 67      Dark e-/s     0.00800                                                                                            added quadratically and assumed to       Nrows       1024    Bias ADU      100.0         Satur. e-     200000.0                                                                                            be independent from one pixel to an-     ADU e-        2.0       RON e-       6.0                                                                                            other.Figure 1 : The appearance of the screen at the beginning of a session of the programme is      The main results of the simulation areshown. The various parameters which are needed in a simulation of a direct image or of a    written in a logfile (SIMU.LOG) which isspectroscopic observation are displayed and can be edited in an interactive way.                                                                                            automatically printed on a laser printer.                                                                                            Curves of the spectral input and out-                                                                                            put for a given object, sky spectra,                                                                                            and the overall efficiency can be dis-only. The programme is written in             target outside the atmosphere and then        played on a graphic terminal, and thenMlDAS command language (version               takes into account the effect of atmo-        sent to a laser printer within the pro-89NOV), and uses MlDAS tables, but            sphere, telescope, instrument optics          gramme.the user does not need to be familiar         and detector, to compute the observed            There is also a possibility of simulat-with MlDAS to be able to run it. It works     data, these being direct images or            ing a 2 0 output image, or an outputin interactive mode using part of the         spectra.                                      spectrum (Fig. 2). In the first case theSTARCAT interface. A preliminary User           At the beginning of a session, the          Pleiades cluster as seen at 30 kpc (250Manual is available with J. L. Prieur, and    default parameters for one observation        times further than in reality) is used asastronomers at Garching and La Silla          (or those from the previous session) are      reference image. The brightest star isare encouraged to experiment with it.         displayed and the user can change             placed in the middle of the frame, and  The ST-ECF Space Telescope Model            them by moving around the screen with         normalized to the magnitude given by(Rosa, M., Baade, D., 1986, The               the arrows. An example of the screen          the user for the object. The relativeMessenger, 45), was used as a starting        with the default parameters for imaging,      brightness of the other stars is main-point and adapted to our needs and to         spectroscopy and the detector with            tained and the stellar images are scaledthe portable version of Midas. Although       EFOSC2 is shown in Figure 1. The input        according to the seeing and the scale atwe have not yet tested its portability on     parameters are checked for consisten-         the detector. A visual impression of thework stations and its use on other sys-       cy, and the transmission and efficiency       angular resolution and limiting mag-tems than VAX VMS, it is expected that        curves for the telescope, instrument, fil-    nitude in the field is then possible.this should be possible without a major       ter, grism and detector are loaded from          For spectroscopy, an extracted spec-effort. When that step will be completed,     tables in the EFOSC2 data base. The           trum is computed from the addition ofthe simulation programme will be made         user can also modify the detector prop-       the brightest rows in the simulated 2Dpart of the official MlDAS software as a      erties and check in this way whether a        CCD frame down to a 1 % level relativenew CONTEXT.                                  different device is better suited for his/    to the peak value. The starting point is                                              her programme.                                always the spectral energy distribution                                                 In the next stage, the input spectra of    of a standard object in the data fileDescription of the Programmes                                              the object and the sky are normalized to      scaled at the desired magnitude and  For the time being the programme            the V magnitudes given by the user. All       including the contribution of the skyhandles stellar-like targets only. The        the tables are resampled to a common          over the same aperture. The outputcase of a diffuse object of constant          scale in wavelength. This requires some       spectra from the object alone and skybrightness will be implemented together       computer time, but has the advantage          alone are also available.with the full EMMl simulator. The com-        of a higher flexibility. The user can use        The simulation programme includesputation starts from the spectrum of the      his own tables for the object and the sky     also parameters which are peculiar toground-based observations, that is theaverage seeing and airmass at the timeof the observations.
Conclusion   Even at this early stage of implemen-tation, the EFOSC2 simulator appearsas a useful tool to plan and optimize theobservations at the NTT. In addition tothe planned extension to EMMI, the pro-gramme could be easily extended toother, similar instruments by modifyingthe initial parameters. This can be doneusing a simple MlDAS procedure towrite the desired values in the corre-sponding MlDAS keywords. The inte-gration into the MlDAS environmentmakes it possible to display, edit, andprint easily the characteristics of the dif-ferent components which enter in thecomputation. If this updating is done ina systematic way, the programme willalso provide on line an accurate de-scription of the status of a given instru-ment. One can envisage that in the fu-ture potential users will check by a re- mote login whether the actual status ofthe instrument corresponds to the ver-                                                              1           ZOO            400            600          800          1000sion recorded on their local work sta-                                              Posltlon        (       plxel)tion, introduce the upgraded parame-           Figure 2: A simulated spectrum of an A5 star of m(v)     20 obtained in 1 hr exposure with                                                                                                        =ters, if any, and then go on with the          EFOSC2 and grism # 4, which gives on the detector (a 1024 x 1024 CCD with 19 ,LL pixels) the planning of their observing programme.        wavelength range 4100-7200 A. The seeing was assumed 0.5 arcsec (FWHM). The slit width   It is of course clear that the results of   was also 0.5 arcsec. The various sources of noise and the sky spectrum have been added tothese first simulations need to be sys-        the stellar continuum.tematically compared with the output of real observations to refine the model.This interactive process will start when       atively stable and the results fully reli-      into the programmes which in the not-the first data with EFOSC2 will become         able, one could also think to use the           to-far future will optimize the use of the available. As the model will become rel-      quantitative information that it provides       telescope by flexible scheduling.
MIDAS Memo                                               able a much more automated reduction            age the user is offered greater flexibilityESo Image processing Group                     sequence than is possible today.                since MlDAS commands can now be                                                  A new context STATIST has been de-           used to manage the (intermediate) re-                                               veloped for statistical tests on tables.        sults.1. Application Developments                                               This includes specifically the compari-           The display parts of the new version   The FIT package is now available in         son of empirical distribution with              of ROMAFOT are either directly basedthe portable MlDAS for both VMS and            theoretical distribution, the comparison        on the Image Display Interfaces or haveUNIX systems. It was upgraded in a             of independent data samples, the mea-           been rewritten in the MlDAS Commandnumber of areas. Some deficiencies of          surement of correlation. The Multivariate       Language (MCL). Hence, ROMAFOTthe old VMS version were corrected, in         Analysis package (previously named              can be used on all systems (VMS andparticular the methods applied to prob-        STATIST) has been renamed to MVA.               UNIX) with display devices supported bylems with constraints. The implementa-             In the stellar photometry package           MIDAS. For workstations this impliestion is still using some NAG library rou-      ROMAFOT, a major part of the code has           that an implementation of the X I 1 win-tines.                                         been rewritten in order to integrate the        dowing software should be available.   A new context LONG has been im-             software completely within MlDAS envi-plemented for the reduction of Long-Slit       ronment. In the new version the various                                                                                               2. System Development: Astronetspectra. This first version provides only      file extensions for the different inter-                                                                                                  Graphic Librarybasic tools for calibration and analysis.      mediate files (e.g. .Q, .F, .R) are noIt is planned to perform major upgrades        longer used: ROMAFOT now uses ex-                 A new version of the AGL softwarefor the spectral packages e.g. ECHELLE         clusively the MlDAS table file system for       has been completed. Besides severaland LONG when the final archive tape           storing intermediate and final results.         small improvements, a major effort hasformat has been implemented as output          Obviously, with the introduction of the         been made to improve the managementformat from instruments. This will en-         MlDAS tables in the ROMAFOT pack-               of the graphic window on workstations.Whereas in the previous implementation          Sun SPARC-stations and a VAX 8600            must be obtained in compiled form fromof AGL the graphics display in MlDAS            running VMS, and have found some in-         a VMS source.was controlled by a separate server, in         teresting results. On the Sun, 'gcc' is        Free Software Foundationthe new version the graphic display and         virtually as fast as 'cc' when compiling       675 Massachusetts Avenuethe image display use a common server.          without optimization, but twice as fast        Cambridge, MA 02139This possibility became available by            when compiling with optimization. The          USAbuilding an additional ID1 driver. As a         code produced is virtually the samepositive side effect the interaction of the     quality, both in terms of code size and                                                                                             4. Personneluser with the graphics window using             execution time. Under VMS, only themouse and keyboard will now be identi-          execution time of the code produced by          The Image Processing Group deeplycal to the interaction with the display         'gcc' has been tested and found to be        regrets to announce that Daniel Ponzwindow. The new driver will also open           slightly worse, say 10-20%, than the         has left the Group to take up a positionpossibilities to integrate the graphics         code produced by the VAXI 1 C-compil-        in ESA. Daniel participated very activelyand display software more on the level          er. For MIDAS, however, this is not a        in the MlDAS project from its start inof application software. The new ID1            major concern since most of the CPU          1981 and developed since then manydriver for AGL was written by L. Fini           intensive code is written in FORTRAN         important packages such as the Tableduring his two weeks at ESO in the              77.                                          File system and most major spectralautumn. We would like to thank him for             The MlDAS developing team en-             reduction packages. We wish him all thethis effort.                                    courages the use of the GNU 'emacs'          best in his new position and will try to   With the introduction of the ID1 driver,     editor, since it, unlike 'vi' and EDT (and   minimize the effects for MlDAS of thisinstallation of AGL for MlDAS graphics is       derivates), runs under both UNlX and         significant loss.now possible on all workstations                VMS and also can emulate both 'vi' andsupporting X I 1. Since, for the graphics       EDT.                                                                                             5. MlDAS Hot-Line Servicewindow MlDAS will only use the ID1driver,          How do I get GNU software? Theall the different server options for the        software is available in tar-tape format       The following MlDAS support servicesvarious workstation models are no longer        with anonymous 'ftp' from several sour-      can be used to obtain help quickly whenneeded. Therefore, we have decided to           ces on the Internet. The latest versions     problems arise:strip the AGL distribution kit of the parts     are available from 'pre.ai.mit.edu'. Both        EARN: MlDAS @DGAES051not used by MlDAS and to integrate the          tar-tapes and VMS backup tapes are               SPAN: ESOMC1::MIDASstripped version into the MIDAS directory       available from 'Free Software Founda-            Tlx.: 52828222 eso d, attn.: MlDASstructure. As a result of this, starting from   tion' (address below). They take a nomi-         HOT-LINEthe 89NOV release of MlDAS a separate           nal distribution fee and only accept or-         Tel.: +49-89-32006-456implementation of the graphics software         ders with payment. However, since the           Users are also invited to send us anywill not be needed. The complete dis-           software may be distributed freely, you      suggestions or comments. Although wetribution kit of AGL, if one wants AGL as a     may acquire it from any source where         do provide a telephone service we askstand alone package, is availablefrom the       you may have heard that the software is      users to use it only in urgent cases. ToItalian Astronet Group.                         being installed. The computer science        make it easier for us to process the                                                department of your local university may      requests properly we ask you, when                                                be worth a try. Note that the GNU            possible, to submit requests in written3. MlDAS Support                                                C-compiler cannot be compiled by the         form through either electronic networks   for GNU Software                             VAX I1 C-compiler, so the VMS version        or telex.   MlDAS has been ported to the GNUC-compiler and will now compile with-out warnings under both UNlX andVMS. This is the first strict ANSl C com-piler under which MlDAS has beenthoroughly tested and we do not expectproblems with other ANSl C compilers.                                                              Manuel Cartes V. (1952-1989)   The major advantage of the GNU                     The departure of Manuel Cartes on September 19th was received with aC-compiler is that it's free. It was de-           profound impact at La Silla. Manuel was highly esteemed and appreciated asveloped by the GNU project which aims              a colleague and a friend.to provide high quality UNlX system                   He first came to La Silla as a summer student in 1976 and 1977 beforesoftware free of charge. The final goal is         joining the ESO staff as a graduated electronics engineer in 1978. Within theto provide a full implementation of UNlX           electronics section he demonstrated a great enthusiasm and a first ratewith all utilities for any 32-bit machine.         dedication to his work. He personified a style of commitment which proved toThe man behind the GNU project is                  be the base of a successful technical operation. Often Manuel could be seenRichard Stallman, a former MIT Al-ex-              late at night at the telescopes ready to assist, sparing neither time nor efforts.pert, who wants to promote software                   In 1982 he went to Europe with the challenge to interface the MPI 2.2-msharing between programmers and fight              telescope controls to our environment. It is largely thanks to him that theagainst the restriction placed on soft-            2.2-m telescope electronics could be brought in line with our maintenanceware preventing others from using it               facilities.without paying. Other software available              In 1987 he was assigned to the N l T project and started his involvement infrom the GNU project today is the                  Garching. Then came a terrible sickness. At La Silla we had to witness his'emacs' editor, a source-level debugger            courageous fight to face this sickness which would eventually overcome hisand numerous utilities in beta-release.            will.   In addition, the GNU C-compiler                    We wish to assure his wife Sylvia, his sons Manuel and Patricio that the('gcc') is fast and produces good code.            memory of his kindness, dedication and friendship will never leave ourWe have made some rudimentary tests                observatory.on our main development machines,    ESO, the European Southern Observa-           Manuel Cartes V.    tory, was created in 1962to . . . establish    and operate an astronomical observa-    tory in the southern hemisphere, equip-    ped with powerful instruments, with the          El fallecimiento de Manuel Cartes el dia I 9    aim of furthering and organizing collabo-     de septiembre causo un profundo impact0    ration in astronomy. . . It is supported      en La Silla. Era una persona muy estimada y    by eight countries: Belgium, Denmark,         apreciada por todos, tanto como colega y    France, the Federal Republic of Ger-          como amigo.    many, Italy,theNetherlands, Swedenand            Sus primeros contactos con la ESO 10s    Switzerland. It operates the La Silla ob-     tuvo en 10s veranos de 1976 y 1977 cuando    servatory in the Atacama desert. 600 km       realizo su practica profesional como estu-    north of Santiago de Chile, at 2,400 m        diante universitario. En 1978 pas6 a formar    altitude, where thirteen optical tele-        parte del personal de planta de la organiza-    scopes with diameters up to 3.6 m and a       cion como ingeniero civil electronico. Desde    15-m submillimetre radio telescope            un principio demostro gran entusiasmo y una    (SEST) are now in operation. A 3.5-m          dedicacion total a su trabajo dentro del labo-    New Technology Telescope ( N T ) will         ratorio de electronica. Personificaba un estilo    become operational soon and a                 muy propio de compromiso en el cumpli-    giant telescope (VLT=Very Large Tele-         miento de sus obligaciones, estilo que    scope), consisting of four 8-m tele-          demostro ser el fundamento del exito en las    scopes (equivalent aperture = 16 m) is        diversas operaciones tecnicas. A menudo se                             En 1987 fue asignado al proyecto del teles-    underconstruction. Eight hundred sclen-       podia ver a Manuel, tarde en algun telesco-                         copio de nueva tecnologia ( N V y debio diri-    tists make proposals each year for the        pio, siempre dispuesto a cooperar, sin pres-                        girse nuevamente a Garching para participar    use of the telescopes at La Silla. The ESO    tar atencion ni al tiempo ni al esfuerzo re-                        en dicho proyecto. Luego fue victima de una    Headquarters are located in Garching,         queridos.                                                           terrible enfermedad. En La Silla fuimos testi-    near Munich, FRG. It is the scientific-          En 1982 fue enviado a Europa con el desa-                        gos de su valiente lucha contra el ma1 que lo    technical and administrative centre of        fio de participar en la implernentacion de la                       aquejaba, el cual, finalmente, doblego su vo-    ESO, where technical development pro-         interfase entre el telescopio de 2.2 m del MPI                      luntad.    grammes are carried out to provide the        y nuestros sistemas. Gracias, en gran parte,                           Deseamos asegurar a su esposa Silvia y a     La Silla observatory with the most ad-       a su trabajo la electronica del telescopio pu-                      sus hijos Manuel y Patricio que el recuerdo    vanced instruments. There are also            do conectarse en linea con nuestros siste-                          de su bondad, dedicacion y amistad perdu-    extensive facilities which enable the         mas de mantencion.                                                  rara en nuestro observatorio.    scientists to analyze their data. In Eu-     rope ESO employs about 150 internatio-     nal Staff members, Fellows and Asso-    ciates; at La Silla about 40 and, in addi-    tion, 150 local Staff members.                                                  Contents                                                  F. Merkle et al.: Successful Tests of Adaptive Optics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                  M. Tarenahi: Astronomical Observations With the N l T During Commissioning . . . . . . . . .    The ESO MESSENGER is published four           J. ~elnicK:The First Observations With the NTT . . . . . . . . .: . . . . . . . . . . ..- . . . . . . . . . .    times a year: normally in March, June,        A. Moneti: Spatially Resolved Images of the Optical Counterpart to Circinus X-1 . . . . . . . .    September and December. ESO also              R. Falomo and J. Melnick: The Nebulosity Around BL Lac Objects . . . . . . . . . . . . . . . . . . .    publishes Conference Proceedings,             H. E. Schwarz: Possible Transition Objects Discovered with the NTT . . . . . . . . . . . . . . . . .                                                  B. Jarvis: Narrow-Band Imaging of M87 with the NTT . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    Preprints, Technical Notes and other                                                  G.Gouiffesetal.: NlTlmagesofSN 1987A.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    material connected to its activities.         S. Prat: Axial Support Prototypes for the VLT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    Press Releases inform the media about         2nd ESOIOHP Summer School in Astrophysical Observations . . . . . . . . . . . . . . . . . . . . . .    particular events. For further informa-       The ESO Research Student Programme: Change of Deadline .......................    tion, contact the ESO Information Servl-      First Announcement of the 2nd ESOIST-ECF Data Analysis Workshop . . . . . . . . . . . . . . . .    ce at the following address:                  R. M. West: ESO Exhibition Opens in Copenhagen's New Tycho Brahe Planetarium . . . . .                                                  ESOPublications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .     EUROPEAN                                     New ESO Scientific Preprints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .     SOUTHERN OBSERVATORY                         C. Barbieri et al.: Profile of a Key Programme: A Homogeneous Bright Quasar Survey . . . .     Karl-Schwarzschlld-Str. 2                    A. Blaauw: ESO's Early History, 1953-1975. V. Earliest Developments in Chile; 24 March     D-8046 Garchlng be1 Munchen                        1966:TheRoadonLaSillaDedicated . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                  Second Extension of ESO Headquarters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .     Fed. Rep. of Germany                                                  TheRCoronaAustralisCloud . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .\    Tel. (089) 32006-0                           H. W. Duerbeck: V 745 Sco - a New Member of the Elusive Group of Recurrent Novae . . .    ,Telex 5-28282-0 eo d                         C. Chavarria et al.: Photometry of Two Southern T Tauri Stars .......................     Telefax (089) 3 20 23 62                     StaffMovements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                  M. Heydari-Malayeri: Discovery of a Low Mass B[e] Supergiant in the SMC . . . . . . . . . . . .                                                  P.E. Nissen: CASPEC Observations of the Most Metal-Deficient Main-Sequence Star                                                        CurrentlyKnown . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                  B. Barbuy et al.: The Peculiar Colour-Magnitude Diagrams of the Metal-Rich Globular                                                        ClusterNGC6553 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                  A. Acker et al.: On theTheoretical Ratio of Some Nebular Lines . . . . . . . . . . . . . . . . . . . . .                                                  F. Paresceet al.: EFOSC Observations of the Inner Echo Around SN 1987A . . . . . . . . . . .                                                  E. Cappellaro et al.: "Deep" Rotation Curves of Edge-on SO Galaxies . . . . . . . . . . . . . . . . .            \                                     International Portrait Catalogue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    Printed b Universitats-Druckerei              Jacques Beckers Elected to Dutch and Norwegian Academies . . . . . . . . . . . . . . . . . . . . . .    Dr. C. W x f f& Sohn                          P. Katgert: The Efficiency of OPTOPUS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                  H. Hensberge and W. Verschueren: An Accurate Wavelength Calibration of CCD                                                        CASPEC Echelle Spectra . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                  E. J. Wampler: Pushing CASPEC to the Limit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                  S. D'Odorico et al.: More Light Through the Fibre: an Upgrading of the Link 3.6-m - CES .                                                  S. D'Odorico et al.: A Programme to Simulate Observations with EFOSC2 and EMMl . . . .                                                  ESO Image Processing Group: MIDAS Memo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                  ManuelCartesV.(1952-1989) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Rating: 4 out of 5 stars
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Ashlee Vance
Rating: 4.5 out of 5 stars
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Shoe Dog: A Memoir by the Creator of Nike
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Never Split the Difference: Negotiating As If Your Life Depended On It
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The Little Book of Hygge: Danish Secrets to Happy Living
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3.5/5 (399)






	Yes Please[image: Yes Please] From Everand
Yes Please
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Rating: 4 out of 5 stars
4/5 (1888)






	Principles: Life and Work[image: Principles: Life and Work] From Everand
Principles: Life and Work
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Devil in the Grove: Thurgood Marshall, the Groveland Boys, and the Dawn of a New America
Gilbert King
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Rise of ISIS: A Threat We Can't Ignore
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On Fire: The (Burning) Case for a Green New Deal
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Fear: Trump in the White House
Bob Woodward
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The Gifts of Imperfection: Let Go of Who You Think You're Supposed to Be and Embrace Who You Are
Brene Brown
Rating: 4 out of 5 stars
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Angela's Ashes: A Memoir
Frank McCourt
Rating: 4.5 out of 5 stars
4.5/5 (440)






	Steve Jobs[image: Steve Jobs] From Everand
Steve Jobs
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The World Is Flat 3.0: A Brief History of the Twenty-first Century
Thomas L. Friedman
Rating: 3.5 out of 5 stars
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The Unwinding: An Inner History of the New America
George Packer
Rating: 4 out of 5 stars
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David McCullough
Rating: 4.5 out of 5 stars
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The Glass Castle: A Memoir
Jeannette Walls
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Bad Feminist: Essays
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The Perks of Being a Wallflower
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The Outsider: A Novel
Stephen King
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The Sympathizer: A Novel (Pulitzer Prize for Fiction)
Viet Thanh Nguyen
Rating: 4.5 out of 5 stars
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Manhattan Beach: A Novel
Jennifer Egan
Rating: 3.5 out of 5 stars
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The Woman in Cabin 10
Ruth Ware
Rating: 3.5 out of 5 stars
3.5/5 (2322)






	A Man Called Ove: A Novel[image: A Man Called Ove: A Novel] From Everand
A Man Called Ove: A Novel
Fredrik Backman
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The Light Between Oceans: A Novel
M.L. Stedman
Rating: 4.5 out of 5 stars
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Brooklyn: A Novel
Colm Toibin
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Wolf Hall: A Novel
Hilary Mantel
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4/5 (3811)






	The Art of Racing in the Rain: A Novel[image: The Art of Racing in the Rain: A Novel] From Everand
The Art of Racing in the Rain: A Novel
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A Tree Grows in Brooklyn
Betty Smith
Rating: 4.5 out of 5 stars
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Her Body and Other Parties: Stories
Carmen Maria Machado
Rating: 4 out of 5 stars
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Sing, Unburied, Sing: A Novel
Jesmyn Ward
Rating: 4 out of 5 stars
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The Constant Gardener: A Novel
John le Carré
Rating: 3.5 out of 5 stars
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Comparison The Performance of Free-Space Optical C
moataz
No ratings yet





	Thoughts On Super-Resolution Planetary Imaging[image: Thoughts On Super-Resolution Planetary Imaging]Document8 pages
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Davor Bates
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Time Delay Integration
badmashguy
No ratings yet





	Messenger No66[image: Messenger No66]Document68 pages
Messenger No66
European Southern Observatory
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European Southern Observatory
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Adaptive Optics in Astronomy
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Laser Communication System Design For The Google Lunar X-Prize
Júlio Santos
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Gravitational Starlight Deflection Measured to 3
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The New 130-cm Optical Telescope at Devasthal-Nainital
Sumit Kumar Jaiswal
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Hidden Hollow 2012 - Newtonian Telescope Design
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1992 Lane Glindemann
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A Message Trom The New Editor: Telescopes and Instrumentation
European Southern Observatory
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Optical and Non-Optical Astronomy
Ashutosh pattnaik
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Digital Adaptive Optics With Interferometric Homodyne Encoding For Mitigating Atmospheric Turbulence
Pierre Luus
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European Southern Observatory
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Analysis of Atmospheric Turbulence On FSO
Pir Meher Ali Eng Department
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